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NOTICE

Notice

This report is being disseminated by the U.S. Department of Energy (DOE) and the U.S. Department of the Interior
(DOI). As such, this document was prepared in compliance with Section 515 of the Treasury and General Government
Appropriations Act for Fiscal Year 2001 (Public Law 106-554) and information quality guidelines issued by both DOE
and DOI. Though this report does not constitute “influential” information, as that term is defined in agencies’ infor-
mation quality guidelines or the Office of Management and Budget’s Information Quality Bulletin for Peer Review, the
report was reviewed internally prior to publication. This report has benefitted from review by the National Renewable
Energy Laboratory, DOE’s Wind Energy Technologies Office, and DOI’s Bureau of Ocean Energy Management.

Neither the United States government nor any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe on privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer,
or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States government or any agency thereof.
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Introductory Message

There has never been a more exciting time for offshore wind in the United States. By the end of 2015, the U.S. Depart-
ment of the Interior awarded 11 commercial leases for offshore wind development that could support a total of 14.6
gigawatts of capacity. In May 2016, the U.S. Department of Energy identified three innovative demonstration projects
that have made significant progress toward producing power. In addition to these noteworthy achievements, we are
looking forward to the first commercial offshore wind energy facility in the United States—the Block Island Wind
Farm—beginning commercial operation before the close of 2016.

With almost 80% of U.S. electricity demand located in coastal states and total offshore wind energy technical poten-
tial equal to about double the nation’s demand for electricity, offshore wind energy has the potential to contribute
significantly to a clean, affordable, and secure national energy mix. Realizing the potential of offshore wind energy in
the United States will require addressing key challenges in technology and cost, supporting effective stewardship of
our natural resources, and increasing understanding of offshore wind’s benefits and costs.

Our agencies are uniquely poised to provide leadership in addressing these key challenges. Recognizing the signifi-
cant opportunity for our nation, we have worked closely together and solicited significant public input over the past
18 months to compose a joint national offshore wind strategy. This report highlights the potential value of offshore
wind to the nation, and presents a credible set of approaches and actions to facilitate the responsible development of
a U.S. offshore wind industry.

On behalf of the offices we represent, we express our deep gratitude to the hundreds of individuals across federal and
state governments, industry, academia, research institutions, and the environmental community for their meaningful
contributions to this national strategy for offshore wind. Their expertise, vision, and passion herald a bright future for
offshore wind energy in the United States.

We are confident that our nation stands at the forefront of a strong domestic offshore wind industry. It is our hope
that this document will continue to serve as a guide for key decision-makers within our agencies, as well as within the
broader offshore wind energy community, over the next 5 years and beyond.

José Zayas Abigail Ross Hopper
Director, Wind Energy Technologies Office Director, Bureau of Ocean Energy Management
U.S. Department of Energy U.S. Department of the Interior



ACKNOWLEDGMENTS

Acknowledgments

Primary Authors

U.S. Department of Energy

Patrick Gilman, Ben Maurer, Luke Feinberg, Alana Duerr, Lauren Peterson
Walt Musial and Philipp Beiter (National Renewable Energy Laboratory)

U.S. Department of the Interior
Jennifer Golladay, Jessica Stromberg, Isis Johnson, Doug Boren, Annette Moore

Contributing Authors

U.S. Department of Energy
Fred Beck, Jocelyn Brown-Saracino, Joel Cline, Michael Derby, Charlton Clark,
Margaret Yancey, Amber Passmore, Nick Johnson

U.S. Department of the Interior
Michelle Morin, Mary Boatman, Amy Stillings, Darryl Francois, Jennifer Miller,
Maurice Falk, Daniel O’Connell



vi LIST OF ACRONYMS

List of Acronyms

AEP annual energy production

BOEM Bureau of Ocean Energy Management
CapEx capital expenditure

DOE U.S. Department of Energy

DOI U.S. Department of the Interior

GHG greenhouse gas

GW gigawatt

ITC investment tax credit

lidar light detection and ranging

LACE levelized avoided cost of energy

LCOE levelized cost of energy

metocean meteorological and oceanographic
MW megawatt

nm nautical mile(s)

NOAA National Oceanic and Atmospheric Administration
NREL National Renewable Energy Laboratory
m meter(s)

O&M operation and maintenance

0CS Outer Continental Shelf

OREC Offshore Renewable Energy Credit
OpEx operational expenditure

PTC production tax credit

PPA power purchase agreement

R&D research and development

REC Renewable Energy Credit

RFF Request for Feedback

RODEO Real-time Opportunity for Development Environmental Observations
RPS renewable portfolio standard

TIV turbine installation vessel

WEA wind energy area




Executive Summary

Offshore wind energy holds the promise of significant
environmental and economic benefits for the United
States. It is an abundant, low-carbon, domestic energy
resource. It is located close to major coastal load centers,
providing an alternative to long-distance transmission or
development of electricity generation in these land-con-
strained regions. Once built, offshore wind farms could
produce energy at low, long-term fixed costs, which can
reduce electricity prices and improve energy security by
providing a hedge against fossil fuel price volatility.

Realizing these benefits will require overcoming critical
challenges in three strategic themes: 1) reducing the
costs and technical risks associated with domestic off-
shore wind development, 2) supporting stewardship of
U.S. waters by providing regulatory certainty and under-
standing and mitigating environmental risks of offshore
wind development, and 3) increasing understanding of
the benefits and costs of offshore wind energy.

The U.S. Department of Energy (DOE), through its Wind
Energy Technologies Office, and U.S. Department of

the Interior (DOI), through its Bureau of Ocean Energy
Management (BOEM), have jointly produced this updated
national strategy to facilitate the responsible development
of offshore wind energy in the United States. In doing

so, the agencies accounted for progress made since the
last national offshore wind strategy released in 2011, and
utilized significant input from the offshore wind com-
munity. This strategy highlights the gaps that need to be
addressed by the offshore wind community as a whole,
and provides a suite of actions that DOE and DOI are posi-
tioned to undertake to address these gaps and help the
nation realize the benefits of offshore wind development.

The United States Needs a
National Approach to Offshore
Wind Development

The national energy landscape has changed significantly
since the first national strategy for offshore wind was
released in 2011. The first domestic offshore wind farm is
scheduled for commercial operation in 2016, and there
are now 11 active commercial leases along the Atlantic
Coast. The United States took steps toward a low-carbon
future through its commitments at the Paris Climate
Conference, the promulgation of the Clean Power Plan,
and legislative action, such as the extension of the
renewable energy production tax credit and investment
tax credit. Coastal states have increased their demand
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for renewable energy deployment through renewable
portfolio standards and other mandates. Many legacy
fossil fuel, nuclear, and renewable generators are set to
retire because of age, cost, or as part of the move toward
lower-carbon sources of electricity. Land-based wind
energy generation in the United States has increased
nearly 60% and utility-scale solar generation increased
more than 1,300% 1] relative to 2011. Most of this renew-
able generation is located far from coastal load centers,
and long-distance transmission infrastructure has not
kept pace with this rapid deployment. At the same time,
the offshore wind market has matured rapidly in Europe,
and costs are now falling. These trends suggest that off-
shore wind has the opportunity to play a substantial role
as a source of domestic, large-scale, affordable electricity
for the nation.

DOE and DOI developed this strategy as a joint docu-
ment and have a single overarching goal in its implemen-
tation, which is to facilitate the development of a robust
and sustainable offshore wind industry in the United
States. The agencies will coordinate on the implemen-
tation of many of the specific actions they intend to
undertake to support achievement of this goal. In rec-
ognition of their unique and complementary roles, and
consistent with their missions and authorities, DOE and
DOI each identified the actions they plan to address, and
set individual objectives against which they will measure
progress. These objectives are as follows:

* DOE aims to reduce the levelized cost of energy
through technological advancement to compete with
local electricity costs, and create the conditions nec-
essary to support DOE’s Wind Vision? study scenario
levels (2] of deployment by supporting the coexistence
of offshore wind with the environment, coastal com-
munities, and other users of ocean space.

* DOl aims to enhance its regulatory program to ensure
that oversight processes are well-informed and adapt-
able, avoid unnecessary burdens, and provide trans-
parency and certainty for the regulated community
and stakeholders.

DOE and DOl solicited significant stakeholder and public
input to inform this document through a DOE Request
for Information and a DOl Request for Feedback, as well
as a jointly hosted public workshop. Feedback received
through these efforts was critical to DOl and DOE in
defining the challenges facing offshore wind presented
in this document, as well as suggesting potential federal
actions to address them.
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Offshore Wind Represents a
Significant Opportunity to the Nation

A number of factors demonstrate the realistic and
substantial opportunity that offshore wind presents to
the United States:

« U.S. offshore wind resources are abundant. Today,
a technical potential of 2,058 gigawatts (GW) of
offshore wind resource capacity are accessible in U.S.
waters using existing technology. This is equivalent to
an energy output of 7,200 terawatt-hours per year—
enough to provide nearly double the total electric
generation of the United States in 2015.

« Significant siting and development opportunities are
available today in U.S. waters. By the end of 2015,
DOI had awarded 11 commercial leases for offshore
wind development that could support a total of 14.6
GW of capacity in areas already vetted for preliminary
siting conflicts through extensive intergovernmental
and stakeholder coordination. BOEM has a number
of potential wind areas that are currently in the plan-
ning stages.

* Electricity demand growth and scheduled power
plant retirements in coastal states provide signifi-
cant opportunity for offshore wind development.

If the 86 GW of offshore wind studied in the Wind
Vision study scenario®* were developed by 2050,
offshore wind would make up 14% of the projected
demand for new electricity generation in the coastal
and Great Lakes states.

* In some locations, offshore wind could be competi-
tive with incumbent forms of generation in the next
decade. A new cost analysis by the National Renewable
Energy Laboratory shows credible scenarios for cost
reductions below $100/megawatt-hour by 2025 in
some areas of the United States, and more widely
around the country by 2030. Assuming near-term
deployment of offshore wind at a scale sufficient to
support market competition and the growth of a supply
chain, development of offshore wind energy in markets
with relatively high electricity costs, such as the North-
east, could be cost-competitive within a decade.

* Deploying offshore wind could lead to significant
electrical system benefits for system operators,
utilities, and ratepayers. Because of its low marginal
costs of production and the fact that offshore winds
in many regions tend to be strong at times of peak
demand, offshore wind energy can lower wholesale
electricity prices in many markets. Offshore wind can
also decrease transmission congestion and reduce the
need for new long-distance transmission.

* A robust offshore wind industry would lead to signif-
icant positive environmental and economic external
benefits. Assuming the Wind Vision study scenario
deployment level of 86 GW offshore wind by 2050,
national benefits could be:

- Reduced greenhouse gas emissions. A 1.8%
reduction in cumulative greenhouse gas emissions—
equivalent to approximately 1.6 billion metric tons
of carbon dioxide—could save $50 billion in avoided
global damages.

- Decreased air pollution from other emissions.
The United States could save $2 billion in avoided
mortality, morbidity, and economic damages from
cumulative reductions in emissions of sulfur dioxide,
nitrogen oxides, and fine particulates.

- Reduced water consumption. The electric power
sector could reduce water consumption by 5% and
water withdrawals by 3%.

- Greater energy diversity and security. Offshore wind
could drive significant reductions in electricity price
volatility associated with fossil fuel costs.

- Increased economic development and employment.
Deployment could support $440 million in
annual lease payments into the U.S. Treasury and
approximately $680 million in annual property
tax payments, as well as support approximately
160,000 gross jobs in coastal regions and around
the country [21.4

Key Challenges Remain

To support a robust and sustainable offshore wind indus-
try in the United States, challenges across three strategic
themes need to be overcome.

* Reducing costs and technology risks. Today, the cost
of offshore wind energy is too high to compete in most
U.S. markets without subsidies. However, continued
global market growth and research and development
investments across the following three action areas
could significantly reduce the costs of offshore wind
toward competitive levels:

- Offshore wind power resource and site characteri-
zation. A better understanding of the unique mete-
orological, ocean, and seafloor conditions across
U.S. offshore wind development sites will allow for
optimized designs, reduced capital costs, greater
safety, and less uncertainty in preconstruction energy
estimates, resulting in reduced financing costs.



- Offshore wind plant technology advancement.
Increasing turbine size and efficiency, reducing mass
in substructures, and optimizing wind plants at a
systems level for unique U.S. conditions can reduce
capital costs and operating expenses and increase
energy production at a given site.
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Offshore wind electricity delivery and grid
integration. Impacts of significant offshore wind
deployment on grids need to be better understood at
state and regional levels, and the costs and benefits
associated with different offshore transmission
infrastructure configurations and strategies need to

. . . har rized.
- Installation, operation and maintenance, and supply be characterized

chain solutions. The complexity and risk associated
with installation and operation and maintenance
activities requires specialized infrastructure that
does not yet exist in the United States. Reducing or
eliminating the need for specialized assets, along
with leveraging the nation’s existing infrastructure,
will reduce capital and operating costs in the near
term and help unlock major economic development
and job creation opportunities in the long term.

Quantifying and communicating the benefits and
costs of offshore wind. The environmental and
economic benefits and costs associated with offshore
wind need to be quantified and communicated to
key stakeholders to inform decisions on near-term
offtake agreements, other project-specific matters,
and policies affecting offshore wind.

A Robust and Credible Plan
for Federal Action

Federal government action can supplement the work

of states, utilities, the wind industry, the environmental
community, researchers, and other stakeholders to
facilitate offshore wind development. DOE and DOl aim
to provide essential federal leadership to help overcome
certain challenges and help the nation to realize the ben-
efits of offshore wind. This strategy lays out 34 concrete
actions in seven action areas that DOE and DOI can take
to facilitate responsible, robust, and sustainable offshore
wind development in the United States.

» Supporting effective stewardship. Effective steward-
ship of the nation’s ocean and Great Lakes resources
will be necessary to allow for the development of
a sustainable offshore wind industry in the United
States. DOI, through BOEM, oversees the responsible
development of energy on the Outer Continental
Shelf. Offshore wind developers, financiers, and power
purchasers need confidence in a project’s ability to
navigate regulatory and environmental compliance
requirements in a predictable way. To improve this
balance and support effective stewardship, action is
needed in the following two areas:

- Ensuring efficiency, consistency, and clarity in the Notes
regulatory process. Further work can be done to 1
improve consistency and identify and reduce unnec-
essary burdens in BOEM’s existing regulatory pro-
cess. This may include establishing more predictable
review timelines and maintaining a reasonable level
of flexibility given the early stage of the industry’s
development.

. The Clean Power Plan is a policy aimed at combating anthropogenic
climate change (global warming) that was first proposed by the
Environmental Protection Agency in June 2014, under the administration
of President Barack Obama. The final version of the plan was unveiled
by President Obama on August 3, 2015. On February 9, 2016, the
Supreme Court stayed implementation of the Clean Power Plan pending
resolution of legal challenges to the plan in the D.C. Circuit. https./www.
epa.gov/cleanpowerplan/clean-power-plan-existing-power-plants.

2. The Wind Vision study takes America’s current installed wind power
capacity across all facets of wind energy (land-based, offshore, and
distributed) as its baseline and assesses the potential economic,
environmental, and social benefits of a scenario in which U.S. wind
power supplies 10% of the nation’s electrical demand in 2020, 20% in
2030, and 35% in 2050 (21.

- Managing key environmental and human-use con-
cerns. More data need to be collected to verify and
validate the impacts of offshore wind development
on sensitive biological resources and existing human
uses of ocean space. Improved understanding and 3. The study scenario is not a goal or future projection for wind power.

. . . . Rather, the Wind Vision scenarios comprise an analytical framework that
further collaboration will allow for increased effi-

; ) ; . supports detailed analysis of potential costs, benefits, and other impacts
ciency of environmental reviews and tighter focus on associated with future wind deployment. The study scenario comprises
the most important issues. a range of cases spanning plausible variations from central values of

wind power and fossil fuel costs.
+ Increasing understanding of the benefits and costs of 4. Cumulative benefits are reported on a Net Present Value basis for
offshore wind. Building a better understanding of the the period of 2013 through 2050; annual benefits reflect the impact
. . i . . in current dollars for the year noted (e.g., 2050). Greenhouse gases,
|mpa§t§ of offshore wind on the E|.eCtr|C|ty grlld’ unique air pollution, and water benefits are estimated from the combined
electricity market costs and benefits, and environmen-

land-based and offshore wind system impact and proportionately
tal externalities can help create the conditions needed allocated to offshore based on its share of total wind generation. In
for near-term deployment.

contrast, gross jobs, lease payments, and property taxes are estimated
specifically for offshore wind based on expected capacity additions and
servicing requirements anticipated in the Wind Vision study scenario.


https://www.epa.gov/cleanpowerplan/clean-power-plan-existing-power-plants
https://www.epa.gov/cleanpowerplan/clean-power-plan-existing-power-plants
http://energy.gov/eere/wind/maps/wind-vision
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1.0 INTRODUCTION | 1.1 Opportunity for the Nation

1.1 Opportunity for the Nation

In 2015, the U.S. Department of Energy (DOE) released
Wind Vision: A New Era for Wind Power in the United
States 21, a landmark report evaluating future pathways
for the U.S. wind industry and analyzing, for the first
time, the full benefits and costs of a future in which
wind delivers 35% of U.S. electricity by 2050. The report
looked at some of the economic, energy system, and
environmental benefits of offshore wind, and found that
realizing the Wind Vision study scenario of 86 gigawatts
(GW) of offshore wind deployment by 2050 would have
significant benefits to our nation. These include:

* Reduced greenhouse gas (GHG) emissions. A 1.8%
reduction in cumulative GHG emissions—equivalent
to 1.6 billion metric tons of carbon dioxide—through
2050 could save $50 billion in avoided global
damages.

* Decreased air pollution from other emissions.
The United States could save $2 billion in avoided
mortality, morbidity, and economic damages from
cumulative reductions through 2050 in emissions of
sulfur dioxide, nitrogen oxides, and fine particulates.

* Reduced water consumption. The electric power
sector could reduce annual water consumption by
5% and annual water withdrawals by 3% in 2050.

» Greater energy diversity and security. The nation
could experience significant reductions in electricity
price volatility associated with fossil fuel costs.

* Increased economic development and employment.
This increase could amount to $440 million in annual
lease payments to the U.S. Treasury and approxi-
mately $680 million in annual property tax payments,
as well as support approximately 160,000 gross jobs
in coastal regions and around the country [21.°

The potential of offshore wind as a renewable energy
resource in the United States is enormous. A robust and
sustainable U.S. offshore wind industry could decrease
GHG emissions, diversify the nation’s energy portfolio,
generate affordable power for homes and businesses,
and revitalize key economic sectors [2-4]. With nearly
80% of the U.S. electricity demand located in coastal
states and a total offshore wind resource roughly double

the national consumption of electricity 1, offshore wind
has the potential to contribute significantly to a clean,
affordable, and secure national energy mix.

Though the United States generates more electricity
from land-based wind than any other country, there are
presently no offshore wind turbines operating in U.S.
waters [5-6]. The first U.S. project is expected to com-
mence operation offshore Block Island, Rhode Island, in
late 2016, and several more could be operational before
2020. The offshore wind market is maturing quickly

in Europe and Asia; as of the end of 2015, more than

12 GW of offshore wind capacity had been installed
globally [71, and the cost of offshore wind energy is
now trending downward in Europe through experience,
increased competition in the offshore wind market, and
innovation. Recent analysis suggests that much of the
cost-reduction progress seen in European markets can
translate to the United States as developers leverage
best-available European technologies and adapt them
to the unique conditions of the United States [51.

Realizing the substantial benefits of offshore wind in
the United States, however, will require overcoming a
number of key technological, regulatory, environmen-
tal, and market challenges. For example, the costs of
offshore wind need to fall substantially, and the supply
chain needs to be developed. The regulatory process
for offshore wind could be further optimized, and data
gaps associated with environmental impacts need to
be addressed. The unique set of costs and benefits
associated with offshore wind energy needs to be
better quantified and communicated to policymakers
and stakeholders to allow for their full consideration in
decisions about offshore wind projects and policies.

The federal government can play a leadership role

in addressing these challenges. DOE and the U.S.
Department of the Interior (DOI) have come together
to develop this strategy document, which highlights
the potential value of offshore wind to the nation and
presents a credible set of approaches and actions to
facilitate the responsible development of a sustainable
and robust offshore wind industry in the United States.
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1.2 Key Trends Motivating

the National Offshore Wind Strategy

Much has changed in the U.S. energy landscape and

the offshore wind industry since DOE, in collaboration
with DOI, released the first national offshore wind
strategy document in 2011 (see text box) [81. The policy
environment has evolved to include stronger directives
and incentives at the federal and state levels for the
reduction of greenhouse gases and the expansion of
renewable energy in which offshore wind can play a
significant part. Lower projected costs and maturing
markets in Europe and Asia signal the potential viability
of offshore wind energy technology in the U.S. market
r51. In this context, the industry needs a new assessment
of the costs and benefits of offshore wind to the country,
and an updated strategy for federal engagement and
investment in offshore wind research, development,
demonstration, deployment, and federal oversight of
offshore wind projects.

Falling Costs Globally

As of mid-2015, 250 GW of offshore wind capacity had
been announced in the global development pipeline (5.
Studies indicate that there is significant potential for
further cost reduction through continued deployment
and learning curve effects, investment in research and
development (R&D), industrialization of the supply chain,
and improvements in financing. In the European market,
achieving European Union goals for the offshore wind
levelized cost of energy (LCOE) of 100 € per mega-
watt-hour (MWh) (approximately $112/MWh) by 2020
appears increasingly likely [9-13].

Emerging Federal Climate and

Renewable Energy Policies

In 2015, the Environmental Protection Agency finalized the
Clean Power Plan, which sets standards to reduce carbon
dioxide emissions in the electricity sector by 32% by

2030 from 2005 levels [141. Under the plan, states will be
required to develop and submit plans to reduce electricity
sector emissions through the development of low-carbon
generation sources and other investments. Offshore wind
resources can significantly increase the potential for some
land or transmission-constrained coastal states to meet
targets with in-state renewable resources, and reduce

the difficulty and, potentially, the cost of achieving their
targets under the Clean Power Plan.t

In 2015, the United States also made substantial com-
mitments to reduce GHG emissions to 26%-28% below
2005 levels by 2025 under the Paris Agreement on
climate change reached at the United Nations Frame-
work Convention on Climate Change’s 21t Conference of
the Parties (COP 21) in December 2015. The Clean Power
Plan is a key building block to reaching this commitment.
The United States also joined 20 countries and private
investors to launch Mission Innovation, an international
group of public and private sector global leaders aiming
to “reinvigorate and accelerate global clean energy inno-
vation with the objective to make clean energy widely
affordable” (151. Under Mission Innovation, the United
States has pledged to double its government clean
energy R&D investment over the next 5 years.

A National Offshore Wind Strategy: Creating an Offshore Wind Energy Industry

in the United States (8]

In 2011, DOE, in collaboration with DOI, released A National Offshore Wind Strategy: Creating an Offshore
Wind Energy Industry in the United States [8]1. This strategy outlined the actions DOE and DOI would
pursue to support and accelerate the development of an offshore wind industry in the United States by

reducing the cost of energy and decreasing deployment timelines. In this report, DOl announced the
development of a new initiative to facilitate siting, leasing, and construction of new projects. DOE, for its
part, launched a series of investments totaling more than $250 million in targeted technical research and
development, partnerships to address market barriers, and implementation of demonstration projects to
showcase advanced technologies with the potential to reduce offshore wind costs in the United States.
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In December 2015, Congress enacted a multiyear exten-
sion of the renewable energy production tax credit (PTC)
and business energy investment tax credit (ITC) in the
2016 Consolidated Appropriations Act (P.L. 114-113).

The wind energy PTC and ITC were thereby extended
through 2016 at 100% of their 2015 value. After 2016, the
PTC and ITC will decrease in 20% annual increments to
40% of their 2015 value in 2019. This longer-term policy
approach is significant to the industry, and renewable
energy projects starting construction prior to the end of
the period will qualify.

State Renewable Energy

and Climate Objectives

States have also taken significant steps that support
offshore wind development. As of June 2016, 29 states
and the District of Columbia now have renewable
portfolio standards (RPSs) that require utilities to sell a
specified percentage or amount of renewable energy.
Several states in particular have established aggressive
renewable energy targets. Both California and New York,
for instance, include a 50% target by 2030, whereas
Hawaii has set a goal of 100% by 2045 16]. A few states
also have specific mechanisms that provide special con-
sideration for offshore wind. For example, the Maryland
Offshore Wind Energy Act of 2013 provides for Offshore

Renewable Energy Credits (ORECs) for sourcing up to
2.5% of the state’s electricity supply from offshore wind
energy starting in 2017. It requires consideration of peak
load price suppression and limiting rate impacts [171.

U.S. Offshore Wind

Deployment Begins

The first commercial offshore wind project in the United
States completed construction off the coast of Rhode
Island in August 2016. The 30-MW Block Island Wind
Farm is expected to be operational by late 2016. If suc-
cessful, the project will mark the beginning of offshore
wind’s contributions to the nation’s energy portfolio, and
could signal the advent of a viable U.S. offshore wind
energy market and provide invaluable lessons learned to
support future development. Several additional proj-
ects could be operating by 2020, including three DOE
Advanced Technology Demonstration Projects in New
Jersey, Ohio, and Maine—Fishermen’s Energy Atlantic
City Windfarm, Lake Erie Energy Development Corpo-
ration’s Icebreaker project, and the University of Maine’s
New England Aqua Ventus |—which, as of August 2016,
are in the final design and planning phase. A total of
nearly 16 GW have been proposed for development in
the United States [51.

1.5 The Federal Government’s Role
in Domestic Offshore Wind Energy

The U.S. government has a substantial role to play in
facilitating the development of a robust and sustainable
offshore wind industry in the United States. For example,
the federal government can move forward with invest-
ments in research and development that are not being
undertaken by industry as a result of real or perceived
cost or risk, or because of the long payoff times associ-
ated with these investments. These programs can result
in technological innovations that reduce cost and envi-
ronmental impacts of energy technologies. Furthermore,
federal programs can engage other agencies to leverage
resources and co-address issues related to wind energy
development, or, where appropriate, develop partner-
ships with or facilitate technology transfer to industry to
ensure that innovations make it to market.

The Wind Energy Technologies Office within DOE’s
Office of Energy Efficiency and Renewable Energy
supports the development, deployment, and commer-
cialization of wind energy technologies. DOE works with
a variety of stakeholders to identify and support R&D
efforts that improve technology performance, lower
costs, and help responsibly deploy technologies that
efficiently capture the abundant wind energy resources
in the United States. DOE provides R&D funding across
a number of areas, including Offshore Wind Advanced
Demonstration Projects; wind plant technology advance-
ment, manufacturing advancement, and testing; grid
integration; wind resource assessment; the mitigation

of market barriers such as environment and siting
challenges; stakeholder engagement and outreach; and
workforce development.
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DOI’'s Bureau of Ocean Energy Management (BOEM) is
responsible for ensuring that offshore renewable energy
development in federal waters takes place in a respon-
sible and sustainable manner. BOEM currently regulates
offshore wind projects through four distinct phases:
planning, leasing, site assessment, and construction and
operations. BOEM engages key stakeholders throughout
this process, and early communication with interested
and potentially affected parties is critical to managing
possible conflicts. BOEM’s offshore wind authorization
process includes establishing intergovernmental task

forces; issuing leases, including commercial leases, lim-
ited leases, and research leases; and reviewing plans that
describe specific offshore wind project proposals. Under
its statutory authority, BOEM is responsible for ensuring
fair return to the American public for the use of sub-
merged lands to generate revenue from the production
of electricity. Since 2009, BOEM has made more than 1.18
million acres of submerged land available on the Outer
Continental Shelf (OCS) for potential wind development,
and generated more than $16.4 million through competi-
tive auctions for its leases.

1.4 Development of a Robust

Offshore Wind Strategy

Significant public engagement informed the devel-
opment of this document. In May 2015, DOE issued a
Request for Information to solicit stakeholder feedback
regarding the implementation of the 2011 strategy, the
key challenges currently facing domestic offshore wind
energy, and potential paths forward for continued invest-
ment in offshore wind energy technology [2-41. DOE
received 40 responses from a wide variety of stakehold-
ers on issues ranging from the need for power purchase
mechanisms to technology development concerns.

In addition, BOEM issued a Request for Feedback (RFF)
in September 2015, inviting public comments on any
aspects of the agency’s renewable energy program

that are either particularly effective or ineffective and
burdensome. BOEM received 57 responses from a range
of stakeholders, relating to numerous aspects of its
renewable energy program [18]. When developing this
strategic planning document, BOEM carefully considered
the comments received in response to the RFF.

In December 2015, DOE and DOI convened a public
workshop in Washington, D.C. The goals of the workshop
were twofold: identify stakeholders’ top priorities to
better enable DOE and DOI to facilitate the development
of the offshore wind industry in the United States, and
articulate each agency’s respective role in the offshore
wind energy development process. The workshop
presented information on DOE’s and BOEM’s actions in
offshore wind energy to date, and a 2016 analysis by

the National Renewable Energy Laboratory (NREL) on
the major costs and benefits of offshore wind energy
deployment in the United States. Specific discussions
were held in a number of topic areas. Feedback from
these sessions directly informed the actions that are
outlined in Chapter 3 and Chapter 4 n191.
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1.5 A Framework for Federal Action to Facilitate
Offshore Wind Development in the United States

This document presents a framework for federal action
intended to help facilitate the responsible development
of a robust and sustainable offshore wind industry in the
United States. DOE and DOI collaboratively developed
this strategy, and will continue to coordinate on its imple-
mentation. Consistent with their individual authorities
and missions, DOE and DOI also developed complemen-
tary, agency-specific objectives against which progress
can be measured within each agency:

* DOE aims to reduce the LCOE through technological
advancement to compete with local electricity costs,
and create the conditions necessary to achieve Wind
Vision-level deployment through market-barrier-reduc-
tion activities.

* DOl aims to enhance its regulatory program to ensure
that oversight processes are well-informed and adapt-
able, avoid unnecessary burdens, and provide trans-
parency and certainty for the regulated community
and stakeholders.

Table 1.1. Key Strategic Themes and Action Areas

To meet these agency-specific objectives, DOE and DOI
will coordinate their activities across three strategic
themes and seven action areas as shown in Table 1.1.
These themes and action areas are intended to address
the critical issues identified through analysis as well as
feedback from stakeholders described earlier.

Three chapters follow this introduction. Chapter 2 pres-
ents the value proposition represented by offshore wind
in the United States, based both on the findings of the
Wind Vision and a new NREL analysis of the U.S. offshore
wind resource, opportunities for growth, and cost reduc-
tion pathways. Chapter 3 outlines the key challenges
facing offshore wind across the three strategic themes
and seven action areas, describes progress made to date,
and articulates the remaining gaps for future action by
all offshore wind stakeholders to ultimately overcome
these challenges. Finally, Chapter 4 identifies the specific
actions that DOE and DOI plan to undertake to achieve
their objectives under this strategy.

1. Reducing Costs and 1.
Technology Risks

Offshore Wind Power Resource and Site Characterization
2. Offshore Wind Plant Technology Advancement

3. Installation, Operation and Maintenance, and Supply Chain Solutions

2. Supporting Effective 1. Ensuring Efficiency, Consistency, and Clarity in the Regulatory Process
Stewardship 2. Managing Key Environmental and Human-Use Concerns
3. Increasing Understanding 1. Offshore Wind Electricity Delivery and Grid Integration
of the Benefits and Costs 2. Quantifying and Communicating the Benefits and Costs of Offshore Wind
of Offshore Wind
Notes

5. Cumulative benefits are reported on a Net Present Value basis for the period of 2013 through 2050 using a discount rate of 3%; annual benefits
reflect the impact in current dollars for the year noted (e.g., 2050). Greenhouse gas emissions, air pollution, and water benefits are estimated from
the combined land-based and offshore wind system impact and proportionately allocated to offshore based on its share of total wind generation.
In contrast, gross jobs, lease payments, and property taxes are estimated specifically for offshore wind based on expected capacity additions and

servicing requirements anticipated in the Wind Vision study scenario.

6. On February 9, 2016, the Supreme Court stayed implementation of the Clean Power Plan pending resolution of legal challenges to the plan in the

D.C. Circuit.

5
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2.0 The Value of Offshore Wind

2.1 Introduction

Demonstrating a significant potential for offshore wind
to achieve economic viability over a wide range of sites
in the United States is central to facilitating its develop-
ment. The value of offshore wind depends not only on
achieving lower life-cycle costs, but also on a number of
building blocks, including an abundant wind resource;
substantial siting and development opportunities;
sufficient market opportunity; a credible path to achieve
competitive cost; demonstrated economic potential; and
offshore wind’s wider energy system, environmental and
economic development benefits as shown in Figure 2.1.
This chapter highlights these value proposition building
blocks that can enable commercial success, which point
to significant future economic potential for offshore
wind in the United States as a significant contributor to a
cost-effective, reliable, low-carbon U.S. energy portfolio.

Abundant Resource

The technical potential of U.S. offshore wind is more
than double total U.S. electricity consumption [201. A
2016 resource analysis done by NREL updates the previ-
ous national resource assessment studies 211 and refines
and reaffirms that the available offshore wind resource is

Sufficient Market
Opportunity

sufficient for offshore wind to be viable and a large-scale
contributor to the electric energy supply. Experience
from other renewable technologies, such as land-based
wind and solar energy, shows that site development is
highly selective, representing a small percentage of the
overall resource potential. Abundant resources allow

for siting flexibility so that projects may avoid the most
conflicted areas. As such, the DOE Wind Vision study
scenario for 2050 would require the United States to use
only 4.2% of the total technical resource potential area.

Substantial Siting and
Development Opportunities

As of May 2016, there are 11 active commercial leases in
the Atlantic Ocean with the potential to support initial
deployment of about 14.6 GW of offshore wind 51.” Since
2011, the siting and regulatory process for offshore wind
energy has matured and advanced significantly in the
United States. In federal waters, BOEM has implemented
a process through careful planning and public outreach
by which offshore wind resource areas are screened to
avoid or mitigate many potential conflicts.

Path to Achieve
Competitive Cost

Substantial Siting Demonstrated
and Development Economic
Opportunities Potential
U.S. Offshore Wind : .
Value Proposition COITUTS,
Abundant Energy System,
Resource and Environmental

Benefits

Figure 2.1. Building blocks comprising the offshore wind value proposition for the United States



Sufficient Market Opportunity

The Wind Vision study scenario deployment of 86 GW by
2050 would meet 14% of the projected demand for new
generation in the coastal and Great Lakes states in 2050.
As the existing fleet of electric-generating units ages

and retires and the demand for electricity increases over
time, the need for new electric-generation supply grows,
creating opportunities for a new type of generation to be
built. Recent analysis reveals that the opportunity space
in the electricity generation market will be large enough
to include newcomers like offshore wind while maintain-
ing a diversity of generation on the grid [221.

Path to Achieve Competitive Cost

Through technology improvements, efficiencies gained
through economies of scale, and deployment experi-
ence, offshore industry cost models now show credible
scenarios for cost reductions below $100/MWh at many
sites in the United States by the year 2030 231. Although
the LCOE for offshore wind in 2015 is still high relative
to other, more mature energy sources, this analysis of
trends over the next 15 years substantiates possible cost
reduction pathways that lead toward economic viability
with little or no incentives for some U.S. coastal regions

Total Offshore
Wind Resource

Potential 10,800 GW

44,378 TWh/yr

+ Gross Recoverable
+ Unrecoverable

2,058 GW
7,203 TWh/yr
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[231. Specific challenges associated with these cost
reductions, as well as actions required to achieve them,
are explored in more depth in Chapter 3 and Chapter 4.

Demonstrated Economic Potential

The economic potential for offshore wind in the United
States cannot be determined by LCOE alone. The
economic viability of offshore wind depends heavily

on the system prices for electricity being sold in local
and regional markets where offshore wind might be
deployed. To identify sites that are the most economical,
researchers evaluated offshore wind LCOE relative to
local electricity prices using a geospatial model [231. The
study results revealed competitive LCOE values under
future scenarios that are highly dependent on local
electricity prices, and which varied significantly among
U.S. coastal locations 1.

Economic, Energy System,
and Environmental Benefits

Offshore wind offers the potential for a unique set of
tangible economic, environmental, and energy system
benefits, such as higher capacity value, wholesale electric-
ity price suppression, and transmission congestion relief.

Deployment
+ Installed Capacity

+ Generated
Electricity

Figure 2.2. Offshore wind energy resource classification framework [24]
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Offshore wind also offers societal benefits normally
associated with low-carbon renewables. For example,
the Wind Vision study scenario shows offshore wind
could reduce GHG emissions by nearly 2%, add 160,000
domestic jobs, and reduce water consumption by the
electric power sector by 5% by 2050 [21. These benefits

2.2 Abundant Resource

2.0 THE VALUE OF OFFSHORE WIND | 2.2 Abundant Resource

are likely to raise the value of offshore wind in many
states or regions. Although they may not contribute
directly to the bottom line for offshore wind project
developers, these advantages can be added to other
societal benefits commonly associated with low-carbon
renewables [25].

The expansive offshore wind resource is the foundation
of the offshore wind value proposition. The U.S. resource
is robust, abundant, and regionally diverse, allowing for
offshore wind development to be located near load cen-
ters with some of the highest electric rates in the United
States 261. In many of the most populated regions,
these coastal wind resources can provide in-state power
generation at a large scale. The Atlantic Ocean, Great
Lakes, Gulf of Mexico, West Coast, and Hawaii all contain
significant offshore wind resources, and projects have
been proposed in each of these areas.

In 2010, the first U.S. offshore wind energy resource
assessments were completed by NREL [211. Using current
industry knowledge, an updated 2016 offshore wind
resource assessment 201 refined and reaffirmed the
abundance of the available offshore wind resource. The
updated resource assessment also provides a framework
for resource classification (see Figure 2.2) 24, that
describes the offshore wind resources in terms that help
promote consistency with broader renewable resource
potential capacity classification schemes [27]. Some of
the significant highlights and changes featured in the
2016 Offshore Wind Energy Resource Assessment for the
United States include:

* Expanding the gross resource area from 50 nautical
miles (nm) to 200 nm from the territorial sea baseline
to correspond to the U.S. Exclusive Economic Zone
[261, using wind speed data provided from the Wind
Integration National Dataset Toolkit [28]

* Increasing the reference hub height to 100 meters (m)
(previously 90 m) to reflect projected 5-year technol-
ogy trends for the U.S. market 5]

» Lowering the capacity power density from 5 MW/
square kilometer (km?) to 3 MW/km? to adjust for
greater array spacing [29-30], and to provide consis-
tency with the Wind Vision

* Assessing energy production potential, including
geospatial estimates of gross and net capacity factor

* Applying technical exclusions to count resources only
in regions with wind speeds over 7 meters per second,
water depths over 1,000 m, and icing environments
where current technology is feasible®

* Applying land-use and environmental exclusions to
eliminate areas with known conflicts (311.

With the expansion of the gross recoverable resource
potential capacity area to the 200-nm Exclusive
Economic Zone boundary, the U.S. gross recoverable
resource potential capacity is calculated at 10,800 GW,
compared to the 4,150 GW gross potential in the 2010
study. On an energy basis, the U.S. gross recoverable
resource potential capacity was calculated to be 44,378
terawatt-hours (TWh) per year. In moving from the gross
recoverable resource potential capacity to the technical
potential capacity, about 80% of the OCS area was
unsuitable using the current technology. The remaining
technical potential capacity is 2,058 GW, with an energy
generation potential of 7,203 TWh/year, which is almost
double the electric consumption of the United States.?

These U.S. resource totals have been divided into the
five regions shown in Figure 2.3 (as defined in the Wind
Vision). Taking into account potential wind plant system
losses ranging from 12% to 23% (e.g., wake effects, elec-
tric power transmission, and offshore accessibility), the
net capacity factor for the technical resource potential
capacity is also shown in Figure 2.3.

Figure 2.4 shows the abundance of the U.S. offshore
wind technical resource potential capacity and how it is
distributed among all five Wind Vision regions.

Assuming the DOE Wind Vision study scenario deploy-
ment of 86 GW is realized, approximately 4% of the
technical resource area (about 1% of the gross resource
area) would need to be developed. This would equate
to approximately 7% of the U.S. electric consumption

[21. Each region is capable of contributing to a viable
offshore wind industry by supporting significant deploy-
ment and the development of a robust supply chain and
supporting infrastructure.
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2.5 Substantial Siting and

Development Opportunities

An efficient, clearly defined federal regulatory process
that encourages collaboration with stakeholders is
essential for the development of the nascent offshore
wind industry in the United States, and is a necessary
building block of the offshore wind value proposition.
As of 2016, there are 11 active commercial leases in the
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Atlantic Ocean, with the potential to support initial
deployment of about 14.6 GW of offshore wind based
on a standard capacity density assumption of 3 MW/km?
51. BOEM’s leases provide the exclusive right to submit
development plans and conduct any BOEM-approved
activities. It is vital that the offshore wind development
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process be conducted in a manner that is environmen-
tally responsible, transparent, fair, and safe. This will help
instill confidence in developers, utilities, and investors
that future markets will materialize.

Since 2011, the siting and regulatory process for offshore
wind energy in U.S. federal waters has matured and
advanced significantly under the management of BOEM.
Although there has been activity in both state and
federal waters, the 2016 Offshore Wind Energy Resource
Assessment for the United States reports that more than
88% of the technical offshore wind resource potential
capacity area (over 606,000 km?) in the United States

is in federal waters [201. As such, to build the 86 GW of
offshore wind by 2050 in the Wind Vision study scenario,
most of the development would likely take place on

the OCS under federal jurisdiction. Figure 2.5 identifies
the current location and approximate size of BOEM’s
proposed wind energy areas (WEAs) and other wind
development zones that have been proposed, leased, or
are under development in federal waters. Several other
projects have also been proposed in areas outside the
designated WEAs and in state waters that can be added
to the number of total sites available.

Currently, BOEM has a number of potential wind areas in
the planning phase. In addition, developers can submit
unsolicited lease requests for offshore wind develop-
ment outside of designated WEAs, as is currently being
done offshore of the Pacific Coast and Hawaii (5]. In the
next decade, the commercial development of floating
wind technology that can be deployed in deeper waters
(greater than 60 m) is expected. This capability would
allow for the leasing of new areas that are located farther
from shore (e.g., off the Atlantic Coast), or in areas like
the Pacific Coast where current fixed-bottom technology
would not be possible at a large scale. Finally, offshore
wind development in the Great Lakes is poised to open
up freshwater sites that are outside of BOEM’s juris-
diction [51. Together with a stable pipeline of potential
power purchase agreements (PPAs), these existing and
future siting opportunities can provide the necessary
development capacity to support the development of a
pipeline sufficient to justify the development of a robust
and sustainable domestic supply chain and infrastructure.

2.4 Sufficient Market Opportunity for
Offshore Wind in U.S. Coastal Regions

As the existing fleet of electric-generating units ages
and retires and the demand for electricity is projected
to increase, on average, over time [32], there is a growing
need for new generation to be built. Recent studies
show that there will be enough demand for new power
in the coastal regions of the United States (including the
Great Lakes region)™ such that growth in offshore wind
consistent with the Wind Vision study scenario between
2015 and 2050 can, in principle, be accommodated when
considering electricity demand and retirements 221"
Further analysis will need to refine these findings to
identify any operational, economic, or transmission-
related constraints. Demonstrating sufficient market
opportunity provides an essential building block for the
offshore wind value proposition and can assist policy-
makers in regional and national energy planning for an
initial assessment of future electricity needs.

The opportunity space is defined as the difference
between the expected generation from existing power
plants and the expected electrical load at a defined
point in the future. To determine the opportunity space,
retirements from the existing electricity-generating fleet

are compared to projected electrical load growth based
on Energy Information Administration 321 projections.
Scheduled and age-based retirements are taken into
account without consideration for early retirements or
lifetime extensions caused by policy or project econom-
ics. Projecting into the future, the opportunity space
increases because electrical demand is expected to grow
by an average annual load growth of 0.66% (compound
annual growth rate) in the United States through 2050
221—a time period when many power plants are expected
to reach their life expectancy and retire. The opportunity
space can be filled by any generation source that satisfies
the system needs. Figure 2.6 shows the electrical load for
U.S. coastal regions compared to the expected electric
generation by major generation type (i.e., coal, gas/petro-
leum, nuclear, and renewables) between 2015 and 2050.

In Figure 2.6, the opportunity space is the yellow wedge
that grows over time as generation plants retire and elec-
trical demand increases. Table 2.1 compares these data

to the prescribed Wind Vision study scenario for 2020,
2030, and 2050.
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Figure 2.6. Scheduled and age-based retirements and load growth create opportunity for new offshore wind generation in
coastal regions [22]

Table 2.1. Offshore Wind Market Opportunity for U.S. Coastal Regions Compared to the Wind Vision (2], [22]

e —
Wind Vision Capacity Installed (GW)
Wind Vision Energy Delivered (TWh/yr) 12 87 339
Opportunity Space (U.S. Coastal Regions) (TWh/yr) 462 821 2,380

Opportunity Space Utilization by Offshore Wind 3% 1% 14%
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The opportunity space for offshore wind development is
far greater than the Wind Vision study scenario deploy-
ment. As shown in Table 2.1, from 2020 to 2050, the
utilization of the opportunity associated with the Wind
Vision study scenario increases from only 3% to 14% of
the entire U.S. coastal region opportunity space.

For detailed energy planning, however, regional data
and additional analysis are needed. Figure 2.7 shows
the opportunity space in relation to the offshore wind
technical resource potential (Figure 2.3) for each Wind
Vision target year: 2020, 2030, and 2050, in each of
the five regions. It also compares these numbers to the
regional energy production associated with the Wind
Vision study scenario.

2,500 [

2,000 |-

w
o
o

TWh/Year

1,000 |~

500 |~

Offshore wind resources are significantly greater than
the market opportunity, meaning that the Wind Vision
study scenario of 86 GW of deployment by 2050 would
entail developing only a small fraction of the total U.S.
technical potential. In the Great Lakes, however, the
market opportunity space actually exceeds the technical
potential by 2050. This excess is because the market
opportunity space is relatively high (688 TWh/yr)

and because of a limited technical resource given the
analysis criteria imposed. Water depths greater than 60
m were not considered as technical resource potential in
the Great Lakes because a technology for floating foun-
dations able to resist surface ice floes in freshwater does
not yet exist. However, Figure 2.7 illustrates the Great
Lakes resource potential capacity that could become
available if new technologies for floating foundations
were developed to address this limitation.

Resource >60 m That Could Potentially Be
Unlocked by Ice-Resistant Floating Technology

° North Atlantic | South Atlantic| Great Lakes Gulf Coast Pacific Coast
Technical Resource Potential 2,081 1,955 492 1,806 869
2020 Opportunity Space 145 98 80 33 106
2030 Opportunity Space 161 170 170 151 168
2050 Opportunity Space 289 555 688 502 348
2050 Wind Vision Scenario 112 75 51 34 68

Figure 2.7. Resource potential energy and opportunity space exceed requirements for the 86-GW Wind Vision study scenario' (21, [22]
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2.5 Path to Achieve Competitive Cost

The offshore wind industry in Europe has realized signif-
icant cost reductions as the industry and supply chain
have grown and matured. Analysis of projects installed
or reaching final investment decision between 2010 and
2014 have indicated the LCOE of offshore wind projects
installed in the United Kingdom has reduced from £136/
MWh to £121/MWh, representing an 11% reduction in
LCOE (331. This evidence suggests that the United King-
dom will be able to reach its cost reduction trajectory of
£100/MWh by 2020. The European Commission has set
slightly more aggressive targets for offshore wind LCOE
reduction with goals of less than €100/MWh by 2020
and less than €70/MWh by 2030 [34].

Recent spatial-economic modeling of the U.S. offshore
wind technical resource area shows that offshore wind

-@- Crown Estate 2012 (Slow Progression)
-@- Crown Estate 2012 (Rapid Growth)
300 DLR 2012 (Long-Term Scenario)

250

200

LCOE (in 2014%$)

50

has the ability to achieve cost levels at or below $100/
MWh by 2030 [23]. This level of LCOE has the potential
to be competitive in many U.S. regions with relatively
high electricity prices. The economic model shows that
between 2015 and 2030, average cost reductions of
approximately 5% can be achieved annually, and by
2030, offshore wind may become competitive in parts
of the North Atlantic. These modeled U.S.-based cost
data correspond to recent European cost reduction
estimates as shown in Figure 2.8. The alignment of these
cost reduction trends strongly depends on continued
global technology innovation (e.g., increase in turbine
size) in conjunction with increasing levels of domestic
deployment and future market visibility, leading to the
near-term establishment of a sustained domestic supply
chain 23, 351.%

-@- Arup 20711 (Offshore Round 2 - Mid)
-~ BNEF 2015 (5% Learning Rate)
BNEF 2015 (20% Learning Rate)

-@- Fitchner/Prognos 2013
(Scenario 1, Median of Sites ABC)

—A— Fitchner/Prognos 2013
(Scenario 2, Median of Sites ABC)

100 %

2015 2020

2025 2030 2035

Commercial Operation Date

Sources: Crown Estate 2012 91; Department of Energy and Climate Change Offshore Round 2 361; ARUP Offshore Round 2 373; Bloomberg New Energy

Finance (BNEF) [381; German cost reduction study [101

Figure 2.8. International levelized cost of electricity estimates for offshore wind (2014-2033)
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Renewable technologies have historically seen con-
siderable cost decreases as a result of technology
advancements, large-scale production, and commer-
cialization. For instance, between 2008 and 2014, costs
for land-based wind in the United States decreased by
approximately 40% [21 as deployment levels grew by a
compound annual growth rate of 17% [391. Cost reduc-
tion is a key requirement for long-term growth of the
offshore wind industry. In 2011, the National Offshore
Wind Strategy (8] focused on developing cost reduction
strategies as one if its primary goals. The emphasis on
cost reduction continues to be the critical driver for the
industry. Industry-wide technology innovations, deploy-
ment experience from Europe and Asia, and maturing
European supply chains can be leveraged by the first
U.S. offshore wind projects. Further cost decreases can
be realized through reducing risk (and risk perception)
to early projects, addressing U.S.-specific challenges
(e.g., hurricanes, deeper water), and incentivizing mar-
kets to stimulate local supply chains and infrastructure
development [5].

In 2015 alone, more than 3,000 MW of new offshore
wind projects began operations globally, reaching a
total of 12,105 MW by year-end [7, 401. These project
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developments, primarily in Europe, offer cost data that
can serve as the baseline for U.S. cost projections and to
identify cost reduction pathways. Because the first U.S.
offshore wind project will not come online for commer-
cial operation until late 2016, U.S. developers will lever-
age European offshore wind technology and industry
experience heavily while accounting for significant
physical and economic differences™ Similarly, current
cost models and cost reduction pathway analysis will
help establish baseline and cost trends from the global
offshore wind experience ([23; see Figure 2.8).

Figure 2.9 shows potential LCOE reductions over time
for sites across the entire offshore wind technical
potential area. LCOE ranges widely at any given point
in time. In 2015, LCOE values ranged from $130/MWh
to $450/MWh, reflecting the wide diversity of U.S.

site conditions, including variations in the quality of

the wind resource, water depth, distance from shore,
and meteorological ocean criteria for operation and
maintenance (O&M). The decrease in LCOE from $185/
MWh (fixed bottom) and $214/MWh (floating) in 2015
to $93/MWh (fixed bottom) and $89/MWh (floating) in
2030 123] for the cost reduction scenarios demonstrates
the substantial cost reduction potential and significant

== Cost Reduction Scenario (fixed bottom)
=== (Cost Reduction Scenario (floating)
LCOE Range

2016 2018 2020

2022 2024 2026 2028 2030

Commercial Operation Date

Figure 2.9. Levelized cost of electricity for potential offshore wind projects from 2015 to 2030 over technical resource area [23]



16

2.0 THE VALUE OF OFFSHORE WIND | 2.5 Path to Achieve Competitive Cost

Commercial Operation Date - 2015
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Figure 2.10. Regional heat maps of levelized cost of electricity for project commercial operation dates of 2015 (above), 2022, and 2027 (p. 17). [23]

variation among local resource and costs in U.S. coastal
regions. Although the model used in this analysis does
not consider LCOE reduction as a function of deploy-
ment or supply chain maturity, the full realization of the
cost reductions presented above strongly depends on
near-term deployment, as well as sustained investment
in technology and the supply chain. The impact of those
investments on LCOE will be discussed in Chapter 3.

Figure 2.10 illustrates the same data spatially, showing
LCOE for a range of sites for project commercial oper-
ation dates of 2015, 2022, and 2027 over the technical
resource area described in Section 2.3.° For a given year,
the maps show a wide range of modeled LCOE values
across a region that represent a comprehensive set of
geospatial cost variables including:

* The quality of the wind resource
* Turbine accessibility as a result of varying sea states
* Distance from shore

* Water depth

e Substructure suitability
* Availability of critical infrastructure.

Not surprisingly, the maps show lower LCOE in the
regions where wind speeds are known to be higher and
water depths are lower. They also show that sites closer
to shore have lower LCOE because electric transmission
and O&M costs are lower.

Figure 2.10 also shows reductions of LCOE from year to
year at a given location, with green shades indicating
lower LCOE values. These temporal changes in LCOE are
generally the result of a different set of factors related
to technology advancement and market development.
Among the drivers of these time-dependent cost
reductions are technology advancements that lower the
cost for capital expenditures (CapEx), such as turbine,
substructures, and electrical infrastructure; operations;
or financing, or conversely, factors that raise annual
energy output of the turbines. The maps show that the
benefits of technology and market advancement are
realized at most sites uniformly in time.
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Commercial Operation Date - 2022
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Commercial Operation Date - 2027
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2.6 Demonstrated Economic
Potential for Offshore Wind Energy

The economic potential for offshore wind energy cannot
be determined by LCOE alone. The economic viability of
offshore wind also depends on the prices for electricity
and capacity being sold in local and regional markets

in which offshore wind might be deployed. Economic
models reveal that a significant number of offshore
wind sites with relatively low LCOE that coincide with
high electricity prices may be economically viable

with limited or no subsidy by 2030 [23]. Because of

the high geographic variation in costs and electricity
prices among U.S. coastal areas, the timing of when
certain sites might achieve economic viability through
technology advancement and cost reduction varies
considerably (Figure 2.11). Among U.S. coastal areas,
offshore wind sites in the Northeast region are among
the most likely to be cost-competitive within the next
10-15 years. To realize these cost reductions, near-term
(and higher-cost) projects would need to move forward
to enable the learning, deployment experience, and
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supply chain development that will likely be necessary—
along with technology research and development needs
and actions like those described in Chapters 3 and 4—to
achieve competitive costs in the future.

Although the cost of offshore wind, which is often
expressed in terms of LCOE, is a fundamental com-
ponent of the technology’s economic viability and
competitiveness in the market, the wider electricity
system value from offshore wind is equally important.
Offshore wind projects depend on future wholesale
electricity prices and capacity market prices within their
local electricity market region. These factors can be
represented through levelized avoided costs of energy
(LACE),”® a measure of the potential revenue from
wholesale electricity prices and capacity that is available
to a new generator absent other revenue streams such
as tax credits or Renewable Energy Credits (RECs)

1321. LACE varies regionally and by technology and

Overlap Between LCOE and LACE
Indicates Possibility for Economic
Potential at Some Offshore Wind Sites

2020
Commercial Operation Date

2016 2018

2022

2024 2026 2028 2030

Figure 2.11. Comparison of levelized cost of energy and levelized avoided cost of energy estimates from 2015 to 2030
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represents “a measure of what it would cost the grid to
generate the electricity that is otherwise displaced by a
new generation project” [321. A comparison of LCOE and
LACE can provide an indication of whether the value
from a project exceeds its costs at a given location and
this difference may be compared with other available
technologies to determine the technology with the
highest net economic value.

A 2016 spatial-economic analysis for offshore wind [23]
includes a comparison of offshore wind LCOE with LACE
at thousands of potential sites in U.S. waters. Figure

2.11 depicts the declining offshore wind LCOE together
with the range of LACE estimates from 2015 to 2030

on a national scale. LACE across U.S. coastal areas is
generally expected to increase gradually over time “as a
result of rising costs for power generation and delivery”
[321. The lower-bound LCOE and higher-bound LACE

start to overlap by 2019, and the coincidence of LCOE
with LACE estimated for potential U.S. offshore wind
sites increases over time. This indicates that a growing
number of U.S. offshore wind sites will be able to find
their required costs met by available revenue from pre-
vailing pricings for electricity and capacity even without
any project-specific government support schemes. The
LCOE-LACE comparison in Figure 2.11 [23] can serve as a
high-level indicator of the economic market potential for
offshore wind within the next 15 years. In other words,
offshore wind sites that achieve this market potential
indicated by LACE greater than LCOE are likely com-
petitive relative to other contenders vying for the new
electric generation market opportunity space. Moreover,
the analysis shows that in the future there could be
ample sites with this economic market potential to meet
growing offshore wind demand.

2./ Economic, Energy System, and Environmental
Benefits of Offshore Wind Energy

The value of offshore wind extends well beyond the
wholesale electric cost at which it can provide elec-
tricity to consumers. Projected reductions in LCOE and
increases in the technology’s system value, LACE, over
time indicate that offshore wind energy is likely to offer
electricity at increasingly competitive rates. However,
offshore wind like all sources of generation offers a set
of additional benefits to consumers, utilities, and local
economies that are unigue to its production profile,
generation sites, and technology that are not counted
in the modeled LCOE data shown in Figure 2.10. These
additional benefits may add substantial value. Most

of these benefits, shown as they relate particularly to
offshore wind in Figure 2.12, can be quantified or even
monetized to help supplement the case for economic
viability or to support policy decisions.

Marginal Price Suppression

The marginal cost of energy in deregulated electricity
markets is generally set by the highest-priced available
generator required to support demand at any given
point in time. With no fuel costs and comparatively low
variable operating costs, the marginal generating costs
of offshore wind—like most renewables—is close to zero.

As such, the low marginal generation costs associated
with offshore wind can displace more expensive
generating assets from the dispatch stack, which in turn
can reduce the market clearing price that is paid to all
generators. Therefore, offshore wind has the potential
to suppress wholesale and retail electricity prices.

GE Power [41] estimates that with 20% wind energy
penetration in the service territory of the Independent
System Operator of New England, the locational
marginal price across this region could be reduced by
$9/MWh if high wind speed offshore locations were
developed. Similarly, despite a first-year above-market
PPA price of $187/MWh, it was estimated that the
468-MW Cape Wind project would decrease wholesale
electricity prices by an average of $1.86/MWh (42), and
the associated total cost savings to the consumer was
projected to average $286 million annually, totaling $7.2
billion over 25 years. DOE’s Wind Vision 21 indicates that
offshore wind may have a more significant impact in
lowering wholesale electric prices in coastal states than
land-based wind has in other regions. This additional
advantage is attributed to the tendency for offshore
wind to coincide with peak summer loads and have a
diurnal pattern aligned with peak demand.
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Figure 2.12. Economic, energy system, and environmental benefits of offshore wind

Capacity Value

The capacity value of offshore wind is the amount of
generation that can be relied on to meet load during
peak hours. Offshore wind can play an integral part

in ensuring system reliability during times of peak
demand or in the event of a mechanical or electrical
failure from other generators. Winds are typically more
energetic and less turbulent offshore than on land, and
the resource availability and production characteristics
of offshore wind tend to coincide better with load
peaks [43]. Offshore wind also exhibits a comparatively
stable and less variable average power output. These

characteristics have been shown to lower system costs.

A recent study commissioned by DOE found that
deploying 54 GW of offshore wind around the country
would reduce annual production costs by $7.68 billion,

delivering a value to the system from offshore wind of
$41/MWh 441. In certain regions, offshore wind charac-
teristics can also complement some other renewable
generation sources such as land-based wind or solar
photovoltaics [451. In California, offshore winds show
afternoon and evening diurnal peaks that coincide with
peak loads, whereas land-based winds tend to peak at
night. Estimated capacity values for offshore wind range
between 24% for California (461 to 40% for New York
[471. An analysis from GE Power [41] estimated the 3-year
average capacity value for offshore wind in Independent
System Operator of New England territory to range from
47% to 51% in a scenario with the best-suited wind sites
available for development. The corresponding capacity
values for land-based wind ranged from 34% to 35%.
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Offshore Wind May Help Enable Greater Renewable Energy Penetration:
The California Case

California recently enacted an increase in its renewable energy electric generation mandates to 50%
by 2030, up from a realized total 25% in 2014 [48]. Diversity in renewable generation as it expands
can help reduce the cost of meeting these targets and mitigate some of the challenges posed by
large contributions by any one resource type. In California, offshore wind can play a significant role to
complement and enable greater penetration by the state’s vast solar and land-based wind resources.

Figure 2.13 shows how offshore wind may help mitigate challenges associated with the “Duck Curve.”
Shown below, this figure shows net load (modeled load minus land-based wind and solar generation)
on March 31 in years 2012-2020 [49]. As more solar generation is added to the grid during this time, it is
able to meet an increasingly large portion of daytime load, but the grid also requires increasing amounts
of other generation to ramp up to meet evening peaks as the sun goes down. Preliminary investigation
of some possible California offshore wind sites, from near the Channel Islands to the Oregon border,
indicate that available offshore wind peaks in the late afternoon into the evening, with substantial
generation throughout the evening hours. Diversifying the portfolio with offshore wind could therefore
help to reduce evening ramping requirements and ease the path toward 50% renewables by 2050.

~
=
e
=
.
[}
=
o
o

28,000
26,000
24,000
22,000
20,000
18,000

2012 (actual)
2013 (actua

power (MW)

/ ramp need
16,000 ~13,000 MW
14,000 in three hours

12,000
10,000 overgeneration risk

oL

6am 9ém 12pm
Hour

Figure 2.13. The “Duck Curve” and modeled generation profiles for 6-MW offshore wind turbines at six California sites.
Adding offshore wind into California’s electricity portfolio may help alleviate overgeneration and ramping challenges as solar
and land-based wind penetration continue to grow [49-50].
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Transmission Congestion Relief

Offshore wind can also provide a hedge against the
need to build new transmission. It can be located near
the highly populated coastal load centers that have
some of the highest electricity rates in the United
States [8]. It can provide an alternative to long-distance
transmission of land-based wind power from the
interior to the coasts [21, while reducing grid congestion
and associated electric transmission costs and losses.
Transmission congestion, particularly on the Eastern
Seaboard and in California, has led to curtailment

of economic resources and higher energy prices for
electricity consumers.

Economic Development

The offshore wind industry requires a local infrastruc-
ture, which in turn may lead to local economic benefits,
including jobs and economic growth. By the end of
2014, the European offshore segment employed 75,000
workers [511. The Wind Vision study scenario [2] esti-
mates that 32,000-34,000 offshore wind-related jobs
around the country could be created by 2020, increas-
ing to 76,000-80,000 in 2030 and 170,000-181,000

by 2050. In addition, by 2050, the Wind Vision study
scenario estimates that $440 million in annual lease
payments and $680 million in annual property tax
payments could flow into local economies.

Energy Diversity and Security

Development of offshore wind can provide a

physical hedge against uncertain fuel prices and
provide insurance against the impact of volatile and
unpredictable fuel prices or changes in emissions policy
[521. Thirteen out of 28 coastal states, which tend to
have the highest electricity prices in the nation, import
out-of-state electricity to support electricity demand
153]. With land and transmission constraints that may
prevent the large-scale exploitation of land-based wind,
solar, or other renewables in coastal states, offshore
wind could also allow states to generate power using
in-state renewable resources and increase control over
their energy supplies.

Large-Scale Siting Options

Siting land-based wind or other utility-scale renewable
energy projects is complex because of concerns about
impacts to human communities, other land uses, and
wildlife. Although potential impacts to wildlife and other
users of the ocean can present siting conflicts offshore,
BOEM’s process provides a structured approach to
minimizing impacts, and issues such as noise from oper-
ational turbines as well as visual impacts to adjacent
residents diminish with distance from shore. In coastal
states with high population densities and limited avail-
able land, BOEM has made available sites representing
gigawatts of potential capacity that would be difficult
to replicate for land-based wind or other large-scale
renewable energy development.

Positive Externalities

Offshore wind can claim many of the same positive
externalities as other renewable resources, which in
most areas of the United States are often not valued
through policy incentives, but can be quantified and
compared to the social cost of other energy sources
1251. According to the Wind Vision study scenario, these
benefits can include:

* Reduced greenhouse gas emissions. The study
indicates that 1.8% reduction in cumulative GHG emis-
sions (1,600 million tonnes of carbon dioxide equiva-
lents) through 2050, saving $50 billion in associated
global damages.

* Reduced public health impacts as a result of lower
air pollution. Under the Wind Vision study scenario,
approximately $2 billion in avoided mortality, mor-
bidity, and cumulative emissions in sulfur dioxide,
nitrogen dioxide, and fine particulate matter can be
realized by 2050.

* Lower water usage in the electric sector. The study
estimated 5% less water consumption and 3% less
water withdrawals for the electric power sector
annually [21.
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Notes

7.

The New Jersey WEA auction was held in late 2015, which added
approximately 4.2 GW of potential generating capacity to the 10.4
GW potential reported in (51. The 14.6 GW also does not include

call areas and wind energy areas (WEAs) that have not yet been
auctioned. Note that the lease area capacity density values presented
here may vary slightly from WEA capacity values levels published by
BOEM because of differences in the estimation methods.

Excluded areas include water depths greater than 1,000 m (541, wind
speeds lower than 7 meters per second (211, and water depths greater
than 60 m (in the Great Lakes). Note that when the depth exclusions
are considered, the resource area shrinks significantly on the West
Coast because of a narrower continental shelf and deeper waters
close to shore. Yet, it is important to note that there are several

areas on the East Coast where the resource area extends beyond the
previous 50-nm boundary.

The Energy Information Administration estimated total U.S. electricity
consumption in 2014 to be about 3,863 terawatt-hours (TWh) [55].

. U.S. coastal regions assessed in [22] include states in the Pacific

Coast, Gulf Coast, Great Lakes, and North and South Atlantic as
defined in the Wind Vision [21.

. The NREL study used a methodology derived from the Wind Vision 12].
. The Wind Vision prescribes fractions of the 2050 energy (339 TWh/

yr from Table 2.1) offshore wind generation by region according to
the following percentages: North Atlantic 33%, South Atlantic 22%,
Great Lakes 15%, Gulf Coast 10%, and Pacific Coast 20%.

. It is important for U.S. offshore wind stakeholders to acknowledge

that domestic cost reductions of a magnitude similar to those
predicted in Europe can only be achieved with a U.S. supply chain
that can generate the learning and scaling effects needed for
substantial cost reductions, including the necessary labor skills
development and infrastructure (e.g., assembly ports or vessels [56]).
A pipeline of U.S. offshore wind projects is critical for the establish-
ment of a domestic supply chain. European supply chain develop-
ment has been incentivized by “ambitious national programmes
and financial incentives that limit risk, and [have] thus attract[ed]
investors to the sector” 571 and driven by a pipeline of projects.

. Some key differences between European and U.S. markets include

currency exchange rates, existing infrastructure, supply chain
maturity, vessel availability (e.g., Jones Act requirements), workforce
readiness, and physical characteristics of the offshore wind siting
environment. The cost could also be influenced by U.S.-specific
political considerations, including regulatory structure, tax code, and
incentive programs [5].

. The analysis was conducted for the entire lower 48 United States

and Hawaii.

. Levelized avoided cost of energy is a “measure of what it would cost

the grid to generate the electricity that is otherwise displaced by a
new generation project”321. It captures the marginal value of energy
(or electricity prices as a proxy) and capacity value to represent

the potential revenue available to a project owner from the sale of
energy and generating capacity [321. The capacity value can vary
among different technologies and may be one of the benefits of
offshore wind (see Chapter 3).
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3.0 Major Action Areas for U.S.
Offshore Wind Industry Development

To facilitate the responsible development of a robust
and sustainable offshore wind industry in the United
States, as well as realize the benefits of offshore

wind deployment, a number of challenges need to

be addressed. The solutions associated with these
challenges can be grouped into three broad strategic
themes. First, to be competitive in electricity markets,
offshore wind costs and U.S.-specific technology risks
need to be reduced. Second, environmental and reg-
ulatory uncertainties need to be addressed to reduce

permitting risks and ensure effective stewardship of the
OCS. Third, to increase understanding of the benefits of
offshore wind to support near-term deployment, the full
spectrum of the electricity system and other economic,
social, and environmental costs and benefits of offshore
wind need to be quantified and communicated to poli-
cymakers and stakeholders. This chapter looks at each
of these strategic themes and ties them to seven dis-
crete action areas (see Table 3.1) in which further work is
needed to overcome the challenges mentioned here.

Table 3.1. National Offshore Wind Strategy Strategic Themes and Action Areas

1. Reducing Costs and 1.
Technology Risks 2

Offshore Wind Power Resources and Site Characterization

. Offshore Wind Plant Technology Advancement

3. Installation, Operation and Maintenance, and Supply Chain Solutions

2. Supporting Effective 1.
Stewardship 2

3. Increasing Understanding 1.
of the Benefits and Costs 2
of Offshore Wind

Ensuring Efficiency, Consistency, and Clarity in the Regulatory Process

. Managing Key Environmental and Human-Use Concerns

Offshore Wind Electricity Delivery and Grid Integration
. Quantifying and Communicating the Benefits and Costs of Offshore Wind

3.1 Strategic Theme 1: Reducing Costs and

Technology Risks

As established in Chapter 2, the current estimated cost
of offshore wind is too high to support widespread
deployment; however, investments in technology, an
expanded supply chain, and building the industry
knowledge in the United States can have significant
cost-reduction impacts. Modeled deployment and
cost-reduction scenarios reveal that offshore wind can
become competitive with local electricity costs in many
parts of the country by 2030 231. They also reveal that
there are significant cost savings to be realized through

continued global market growth and R&D to reduce
capital and operating expenditures across the following
three broad action areas:

» Offshore wind power resource and site
characterization. A better understanding of the
unique meteorological, ocean, and seafloor conditions
at sites proposed for development in the United States
will allow for optimized designs, reduced capital costs,
greater safety, and less uncertainty in preconstruction
energy estimates, which can reduce financing costs.



+ Offshore wind plant technology advancement.
Increasing turbine size and efficiency, reducing cost
in substructures, and optimizing wind plants at a
system level for unique U.S. conditions can reduce
capital costs and increase energy production at any
given site.

* Installation, O&M, and supply chain solutions. The
complexity and risk associated with installation and
O&M activities require specialized infrastructure that
does not yet exist in the United States. Identifying
strategies to reduce the need for specialized assets,
along with leveraging the nation’s existing infrastruc-
ture will reduce capital and operating costs in the
near term and help unlock economic development
opportunities in the long term.

Action Area 1.1: Offshore
Wind Power Resource and
Site Characterization

Problem Statement

Physical site conditions along the U.S. coastline bear
some similarities to those in the established European
market. However, there are key differences requiring
additional scientific and engineering assessment.
Currently, there is a significant lack of data describing
meteorological, oceanographic, and geologic/man-
made conditions at potential project sites offshore of
the United States. There is also a lack of standardized
methodologies for gathering these data. This defi-
ciency translates into increased uncertainty and risk,
and ultimately increases the capital costs of offshore
wind projects.

Current Baseline

More than 2,000 GW (247 of offshore wind energy
technical potential exists in the United States. Excluding
Alaska,” these resources cover more than 10,000 miles
along the U.S. coastline—including the Atlantic, Gulf,
and Pacific Coasts of the continental United States,
Great Lakes, and Hawaii—and vary significantly in their
meteorological and oceanographic (metocean), and
geological conditions.

High-quality U.S. coastal and offshore wind and ocean-
ographic observations exist, such as those gathered in
the National Oceanic and Atmospheric Administration’s
(NOAA’s) National Data Buoy Center network. But they
collect only near-surface measurements of the atmo-
sphere and are often too far from potential WEAs to
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determine specific oceanographic conditions at a given
site. Very few wind observations are collected at hub
height, and without the existence of U.S. meteorological
towers similar to the German FINO metocean research
stations [58-601,% it is difficult to validate wind observa-
tion and model data. New technologies, such as light
detection and ranging (lidar) buoys, have recently been
deployed in the North Atlantic and the Great Lakes.

Observational data on extreme conditions at wind
turbine hub height are also scarce. Tools such as the
Weather Research and Forecasting Model have the
potential to supplement and augment the obser-
vational data, but are currently not validated for
U.S.-specific conditions in the offshore environment.
Efforts are underway to improve these models for
land-based wind.” Similarly, promising models exist for
producing modeled data of hurricanes, which would
benefit from observational data available to validate
these models (6.

Site-specific metocean characterization studies are
required for the design and development of each
planned offshore wind project. At present, there are no
consensus standards or guidelines for the collection

and interpretation of site-specific metocean data with
respect to design and operation of offshore wind energy
projects in the United States. As a result, data collection
for wind resource assessment and estimation of extreme
environmental conditions is pursued in a variety of
ways. This can potentially result in uncertain or varied
reliability for projects developed on the OCS.

A considerable body of observational geological data
exists for the OCS, but is not well suited for use in
offshore wind energy development. These observational
data sets are largely confined to nearshore areas or

the shelf/slope break, whereas potential offshore wind
development sites are typically located between these
two areas.

Work to Date

To advance the state of offshore wind site characteri-
zation in the United States, DOl and DOE have funded
a number of projects in meteorological, oceanographic,
and geological assessment, as well as project planning
and design for the purpose of facilitating safe and
cost-effective project development.

Work at DOI consists of a number of efforts to support
the development of consensus site characterization
guidelines and assess and advance site assessment
methods. For example, DOI is undertaking a geophysical
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and geotechnical methodologies study that analyzes the
advantages and disadvantages of various methodolo-
gies and equipment choices that are used for assessing
site conditions and cultural resource identification. In
addition, BOEM has an ongoing study that investigates,
verifies, and recommends identification and site clear-
ance methodologies to identify and address unexploded
ordinance. The data collected in these studies will
support the submission of Construction and Operations
Plans (COPs) consistent with federal regulations.

DOI has also published guidelines to clarify the infor-
mation requirements for COPs, including survey results
and other information needed for compliance with

the OCS Lands Act, National Environmental Policy Act
(NEPA), and other applicable laws and regulations. In
addition, DOI funded geological survey work in an area
offshore Virginia and benthic habitat mapping and
assessment for areas offshore North Carolina and South
Carolina to inform and support its renewable energy
leasing processes.

A 2011 DOE Funding Opportunity Announcement (FOA)
resulted in 12 research projects that aimed to advance
the characterization of wind resources and other data
critical to wind plant feasibility assessment, siting, and
facility design. Other projects funded at DOE national
laboratories included metocean data collection from
the DOE Advanced Technology Demonstration Project
sites, providing offshore wind resource characterization
through lidar buoys and reference facility research, as
well as sediment and scour research.

Remaining Gaps

Collecting Metocean Data
Through Validated Method's

The OCS and Great Lakes regions continue to be
underobserved because of the difficulty of obtaining
data over such remote and expansive areas. This cre-
ates uncertainty in siting, design criteria, projected
performance, and regulation—and ultimately the cost
of energy. Reducing this uncertainty makes tangible
progress toward achieving reduced LCOE and enhanced
regulatory oversight.

Although representing a significant CapEx that may
only be relevant to potential sites within the local area,
offshore metocean facilities for offshore wind in U.S.
waters similar to the German FINO? towers would
generate metocean data that would be readily accepted
by the community for project development, design, and
other purposes. These facilities—or existing towers in

Europe or elsewhere—could also serve as a reference for
the validation of new, less capital-intensive technologies
and methods such as lidar buoys.

If accepted by the financial community, lidar buoy data
could serve as a less-expensive, portable alternative

for gathering metocean observational data needed to
develop offshore wind energy sites. A network of these
buoys in applicable areas could collect enough data

to allow for interpolation at smaller scales, as well as
tuning and validation of Weather Research and Fore-
casting or other models in U.S.-specific metocean condi-
tions. Collecting these data along with complementary
data from existing infrastructure into a single repository
or portal could facilitate development.

A significant opportunity in engineering design
assessment is the acquisition of considerable hurricane
metocean data. Data sets describing relevant hurricane
wind profiles—speeds and directions as a function of
time up to the uppermost reaches of a turbine—would
help significantly reduce uncertainty and allow for more
sophisticated analysis and modeling leading to more
cost-effective siting, design, operation, and maintenance
of a U.S. offshore wind energy fleet.

Standardizing Metocean and Geophysical
and Geotechnical Data Collection Method's

Geophysical and geotechnical investigations can be
conducted in a multitude of ways with a wide variety of
methods and equipment. Standardizing data gathering
and procedures could reduce the burden on developers,
as could collecting all of the available data in a single
repository or portal.

Current DOI regulations require submittal of geophys-
ical and geotechnical survey data in the COP. Certain
metocean data are required to be submitted in each
project’s Facility Design Report. Although DOI has
published updated guidelines for geophysical and geo-
technical data on its website, its existing requirements
for metocean data collection are general in nature,
thereby allowing for a wide variety of data collection
methods. Supporting the development of standard data
collection guidelines would help foster consistency in
project designs as well as bestow a necessary level of
certainty for developers to determine the effort required
to provide the data.

Understanding Intraplant Flows

A better understanding of wind conditions inside wind
plants and their effects on reliability and annual energy
production (AEP) could also have a significant impact



on the cost of offshore wind energy. Turbines inside
wind plants interact with each other in complicated
ways. The wake behind one turbine can reduce the
energy captured by another and increase wear and tear
on key components. Quantifying turbine-to-turbine
interactions is one focus of a current major DOE initia-
tive: Atmosphere to Electrons.? Greater understanding
of these flows could lead to plant-level optimization of
design and operation, increase AEP and reliability, and
reduce uncertainty in wind resource assessment—all of
which ultimately lead to lower LCOE.

Action Area 1.2: Offshore Wind
Plant Technology Advancement

Problem Statement

Offshore wind technologies have matured significantly
over the past 25 years as a result of extensive global
research, development, and market growth. With this
maturation, significant cost reductions have been real-
ized. This research, development, and growth must con-
tinue for offshore wind to compete on an unsubsidized
basis. R&D is also needed to adapt existing European
technologies to the unique conditions of the U.S. market
and enable cost-effective deployment.

Current Baseline

A vast majority of the global project pipeline and
installed capacity are in saltwater at depths less than
40 m, distances from shore under 40 km, and at project
sizes under 500 MW 51. State-of-the-art wind turbines
have reached nameplate capacities of 6 and 8 MW [5].
Prototype turbines with 10 MW could be deployed as
early as 2020 [621. At European sites, 8-MW turbines are
planned to be deployed atop monopile, fixed-bottom
substructures in water depths between 10 and 40 m by
highly specialized, heavy-lift European vessels [5].

Though monopile, fixed-bottom substructures currently
dominate the global market with 75% market share by
capacity 51, this prevalent substructure technology may
not be economically feasible in water depths up to and
exceeding 60 m. To access sites in greater water depths,
fixed foundations with wider footprints are needed,
such as jacket structures or floating foundations. Cur-
rently, floating technology is significantly less prevalent,
with only five operating commercial-scale prototypes
worldwide as of mid-2015 [51.
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With a variety of geological conditions, and more than
58% of the estimated U.S. technical resource potential
capacity at depths greater than 60 m [20], the U.S.
market requires a variety of fixed-bottom and floating
substructure technology solutions.

Design standards for turbines and substructures are
critical to ensuring the safe deployment of offshore
wind projects and enabling access to financing. The
varied bathymetry, metocean conditions, and geologic
conditions experienced in the waters offshore the
United States limit the applicability of design standards
based on experience gained in European seas. Current
structural design standards in Europe use safety factors
that may be lower than what is needed to achieve an
appropriate level of structural reliability for offshore
wind turbines in the United States. In contrast, recent
developments off the coast of Japan indicate that a
direct application of Japanese designs [63], such as
those depicted in their typhoon-class turbines, might
result in overdesigned, costly turbines for the OCS.

Work to Date

Deepwater Wind’s Block Island Wind Farm is sched-
uled to be the first offshore wind project in the United
States. The project will be installed in state waters off
the coast of Rhode Island and is scheduled to com-
mence operations in the fall of 2016. This project utilizes
five 6-MW direct-drive turbines designed and manu-
factured by GE Power in Europe that will be installed
atop four-legged-jacket fixed-bottom substructures
designed by domestic companies.

Other projects currently in the U.S. development pipe-
line include DOE’s Advanced Technology Demonstration
Projects. These three projects include state-of-the art
turbines planned for one novel fixed-bottom jacketed
substructure technology and one floating substructure
technology along the Atlantic Coast, and one fixed-bot-
tom suction bucket foundation design for deployment in
freshwater conditions in the Great Lakes.

DOE’s demonstration projects are planned to be highly
instrumented for measuring metocean conditions, struc-
tural loads, power production, and environmental data.
To benefit the U.S. offshore wind industry, data collected
during the demonstrations will be made available to the
public 5 years after project completion.
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Since 2011, DOE has funded multiple efforts to facilitate
advancements in offshore wind turbine technologies.
The fiscal year (FY) 2011 U.S. Offshore Wind Technology
Development FOA made federal funding available to 19
projects for the purpose of reducing the cost of offshore
wind energy through technology innovation, testing,
and risk reduction. Similarly, the FY11 Next Generation
Drivetrain FOA awarded funding to six projects for

the purpose of developing next-generation drivetrain
technologies to reduce capital, O&M, and replacement
costs, and increase lifetime energy production. National
laboratory projects funded during those 4 years yielded
major advances in offshore wind computational tools,
high-resolution modeling, and rotor development. DOE
concurrently funded the construction of two world-class
testing facilities—the Clemson University Wind Turbine
Drivetrain Test Facility and the Massachusetts Clean
Energy Center’s Wind Technology Testing Center—to
provide unique capabilities for developing and testing
offshore wind drivetrains and blades on a larger scale.

Since 2005, BOEM and the DOI’s Bureau of Safety and
Environmental Enforcement (BSEE) have supported
research on operational safety and pollution prevention
related to offshore renewable energy development
through the DOI's Technology Assessment Program
(TAP), formerly known as the Technology Assessment
Research Program. As of the beginning of 2016, the
Renewable Energy Research Program has expended
over $2 million to fund 27 studies that have been
completed with final reports posted on both the BOEM
and BSEE websites.?? Five new studies are expected

to receive funding in 2016, with a total budget of up

to $700,000. The studies have focused on five general
areas: fixed-bottom turbines, floating wind turbines,
standards and regulations, environment, and inspections
and safety.

Remaining Gaps

Significant opportunities remain to reduce offshore wind
costs in the United States. These opportunities require
further investment in R&D, such as:

» Creating advanced substructure technologies to
address conditions such as deep water and weak
seabed soils

* Reducing the cost, risk, and need for specialized
infrastructure to install offshore wind facilities

 Eliminating unscheduled maintenance through tech-
nologies such as prognostic health monitoring and
management that can predict component failures and
take corrective action

* Developing and validating design practices for
hurricanes and other extreme conditions prevalent at
U.S. sites

* Reducing energy loss caused by interactions between
turbines

» Creating design tools that allow for the development
of offshore wind turbines and substructures as
coupled systems.

Both floating and fixed-bottom offshore wind tech-
nologies show promise for the U.S. market. Chapter

2 presents a 2016 NREL analysis that shows that
although floating technologies are more expensive

than fixed-bottom technologies at this time, floating
technologies have the potential to achieve costs that are
equal to or even lower than fixed-bottom technologies
by 2030 (see Figure 2.9).% The advantages of floating
technology include the possible reduction of site con-
flicts, access to higher winds in waters farther offshore,
and a larger resource base. Floating technology also
offers the potential for reduced marine operations
during construction and installation, and in O&M. Float-
ing technologies could allow for final turbine assembly,
commissioning, and major maintenance in port at
quayside, in a wide range of weather conditions and
using generally available equipment. Quayside assembly
and maintenance could present significant cost savings
and risk reduction compared to the current practice of
utilizing specialized infrastructure to conduct major con-
struction activities offshore, particularly as developers
begin to look at more challenging sites in deeper water
and more extreme metocean conditions.

R&D in technology can lower offshore wind LCOE in
three primary ways: by reducing upfront capital expen-
ditures (CapEx), such as the cost of project develop-
ment, turbines, substructures, and installation; increas-
ing the potential AEP of a turbine or wind project, and
reducing operational expenditures (OpEx), such as
maintenance. Figure 3.1 and Figure 3.2 show potential
cost reductions in each of these pathways between 2015
through 2030 for fixed-bottom and floating offshore
wind technologies [241.
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Figure 3.1. Modeled fixed-bottom offshore wind cost reduction pathways to 2030 [23]
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Figure 3.2. Modeled floating offshore wind cost reduction pathways to 2030 (23]
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Capital Expenditure Reductions

CapEx comprises the largest component of offshore
wind plant costs. Based on European market data, while
average turbine ratings have risen, average CapEx has
declined and is expected to continue to decline through
2020, ranging from $4,500-$5,200/kW [51. Complex
marine operations and balance-of-system costs (e.g.,
cabling) make installing each individual foundation

and turbine expensive. Attaining plant capacity with
fewer, larger turbines allows for lower installation costs
and balance-of-system costs. Installation costs may be
further reduced by simple, lightweight, mass-producible
foundations. Balance-of-system costs may be further
reduced through the optimization of a wind plant’s
layout. For example, balance-of-system costs could

be reduced by configuring a wind plant with tighter
turbine spacing without sacrificing power performance.
Optimized layout configurations could be enabled by
implementing advanced control strategies.

Turbines

Growth in wind turbine size and capacity can drive
significant CapEx reductions. As turbines are expected to
grow in size from the current 6-MW class up to 10 MW by
2030, balance-of-plant costs, including installation, sub-
structures, and cables, among other things, will decrease
on a project basis. Tools that enable technology develop-
ers to consider the turbine and substructure as a single
system will enable design optimization that will drive
further cost reduction, particularly in floating systems. As
designers begin to develop turbines larger than 10 MW,
the industry may see radical solutions that reduce nacelle
and rotor weight, such as superconducting generators—
particularly relevant to floating foundations—and down-
wind rotors with more flexible blades. Turbine technology
innovations may also facilitate cost reductions associated
with AEP and OpEx as described below.

Figure 3.3. Six different offshore wind substructure types. The three on the far left are fixed-bottom substructures (monopile, jacket,
and inward battered guide structure [also known as a twisted jacket]), and the three on the right are floating substructures (from
left: semisubmersible, tension leg platform, and spar). /llustration by Josh Bauer, NREL



Substructures

Fixed-bottom and floating substructure technologies
can be improved to lower CapEx through fully inte-
grated designs that optimize the turbine, controls, and
substructure as a single system.

Given that the lease areas BOEM has identified to date
in the mid-Atlantic region are in water less than 60 m
deep, and a significant portion of economically viable
sites in the United States will be in shallow water 243,
continued engineering and research that focus on
fixed-bottom substructures will still have a significant
impact in the U.S. offshore wind market. Although the
European market has expanded the design envelope of
conventional monopiles to include extra-large diameter
designs to accommodate state-of-the-art turbines in
North Sea projects, weak soil conditions in some U.S.
regions will require different and innovative substructure
types, such as jackets, suction buckets, or gravity-based
structures. Designing foundations for serial production
and simplicity will reduce the cost and complexity of
fabrication as well as significantly lower capital costs.

Cost-effective floating systems represent a significant
opportunity in the United States. Fifty-eight percent
(1,194 MW) of the U.S. offshore wind technical resource
potential lies in waters deeper than 60 m [24], which

is likely beyond the economic reach of current
fixed-bottom offshore wind technologies. Floating
systems could enable quayside turbine construction,
commissioning, and major component maintenance and
replacement, thereby eliminating specialized turbine
installation vessels (TIVs) and reducing the costs of
major repairs. Floating oil and gas infrastructure and
fixed-bottom wind turbines offer a baseline, but differ
significantly in dynamics and scale.

Similarly, design standards and practices for offshore
wind substructures tailored toward U.S. site-specific
conditions have the potential to decrease risks and
costs in the design process. Reducing or mitigating risk
through community-accepted, U.S.-specific standards®
capable of being integrated into BOEM/BSEE regula-
tions has the potential to significantly lower the cost of
offshore wind energy.
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Installation

Innovation in installation methods can also result in
further cost reduction [12, 241. Given the cost and com-
plexity of marine operations and the need for special-
ized installation vessels, investment in floating systems,
self-lifting turbines, float-and-flip spar systems, and
other innovative installation technologies may negate
the need to invest in TIVs. These technologies could
also significantly reduce noisy construction activities
and concerns about impacts on marine mammals
and other sensitive species. This improvement could
increase the length of daily and seasonal installation
windows and ultimately reduce the total installation
time, cost, and risk.

Increasing Annual Energy Production

The net AEP of offshore wind turbines has also been
rising over time [5]. Investment in technologies to
increase the efficiency of wind turbines as well as their
availability, lessen unscheduled maintenance, or improve
accessibility for performing maintenance in harsh
marine conditions will result in cost reductions resulting
from increased AEP.

Rotor Size

Through innovative rotor technology and controls, a
better understanding of wind resource conditions, and
design experience, turbines with larger rotors have
been driving capacity factors higher and allowing for
greater power production in lower wind speed regimes.
These bigger rotors are able to capture more energy
more efficiently, which is a trend that is expected to
continue [51. As rotor size has increased, so has the hub
height, which adds incrementally to the power output
by taking advantage of winds that generally get stron-
ger higher up. Although individual turbine energy pro-
duction improves, entire wind plant system losses can
lead to a decrease in AEP by up to 20% (64]. However,
through integrated wind plant design and optimization,
total net AEP can be increased significantly.

Turbine Availability and Access

Increasing the accessibility to turbines for normal and
unscheduled maintenance can improve total AEP by
reducing downtime. This will be very important along
the Pacific Coast, where average sea states are more
severe than the Atlantic and North Sea [33, 241.
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Operational Expenditure Reductions

OpEX, which covers all costs incurred between the com-
mercial operation date and decommissioning [5], makes
up approximately 20% of total LCOE [35] over the life-
time of an offshore wind project. Offshore wind turbines
generally have higher maintenance costs than land-
based turbines as a result of more difficult accessibility
(261 and harsh operating conditions. Advances in turbine
reliability and prognostic health monitoring and man-
agement that allow fewer onsite maintenance operations
and turn unscheduled maintenance into scheduled
maintenance will drive significant reductions in OpEx.
For example, turbines with a component showing wear
that could lead to premature failure could automatically
reduce production to extend the life of that component
until the next scheduled maintenance. Additionally, new
turbine technologies that have fewer moving parts and
otherwise reduce the likelihood and severity of major
component failures have the potential to further reduce
O&M costs and LCOE.

Action Area 1.3: Installation,
Operation and Maintenance,
and Supply Chain Solutions

Problem Statement

The project pipeline for offshore wind in the United
States as of 2016 is not adequate to support the supply
chain needed for a cost-competitive industry, or to
realize associated local economic development bene-
fits. A lack of dedicated assets and experience makes
cost-effective, Jones Act-compliant (see text box below)
strategies for installing, operating, and maintaining
offshore wind farms challenging.

Current Baseline

The U.S. offshore wind supply chain leverages expertise
and experience from around the world. It may also
leverage experiences from related industries, such as
offshore oil and gas, but these assets are geographically
dispersed and generally far from locations planned for
near-term offshore wind development. The total U.S.
supply chain is not well inventoried and lacks the work-
force, port facilities, and particularly the vessels needed
to efficiently support a domestic industry.

Dispersed Domestic Supply Chain

Fabrication facilities in the Gulf of Mexico traditionally
used by the oil and gas industry have the capacity to
fabricate offshore wind substructure components; how-
ever, they are not set up for the type of serial production
that is required to achieve significant cost savings [65].
Even though these facilities are currently exploring
involvement in East Coast offshore wind projects (and
served the Block Island Wind Farm), the availability and
cost of these assets is tied closely to oil prices. Similarly,
although the infrastructure and vessel requirements for
floating offshore wind projects are less burdensome and
specialized than for fixed-bottom offshore wind, fabrica-
tion and port facilities on the West Coast are less robust,
and represent a significant supply chain gap.

Local economic development benefits are important

for obtaining PPAs. In New Jersey, for example, projects
have to pass a net economic benefit test to qualify for
an Offshore Renewable Energy Credit (OREC). Currently,
however, manufacturers of major offshore wind com-
ponents, such as turbines and electrical infrastructure,
are concentrated in Europe. Until several projects have
been built and there is certainty in the long-term project
pipeline, these manufacturers will be unlikely to invest in
U.S. facilities specific for offshore wind, and the domes-
tic workforce will remain largely inexperienced, creating
a burdensome learning curve for the offshore wind
domestic industry.

Installation, Operation, and
Maintenance Challenges

To reduce costs, the offshore wind industry is trending
toward bigger turbines and taller towers, leading to

the demand for larger, purpose-built vessels and infra-
structure support. Accordingly, early U.S. developers
have planned creative (and potentially risky) installa-
tion strategies to use specialized European TIVsin a
Jones-Act-compliant manner (see text box) (661, or adapt
the existing U.S. fleet to work in the difficult wind and
wave conditions of first-generation offshore wind sites.

The current U.S. fleet of heavy-lift boats and other ves-
sels may be able to support installation of some of the
first U.S. offshore wind projects, but many are likely to
require purpose-built TIVs. Currently, there are a limited
number of these types of vessels that are equipped to
handle the weight and height requirements necessary
to install the latest 6- to 8-MW turbine technology [671.
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The Jones Act and Offshore Wind Energy

The Jones Act originates from the Merchant
Marine Act of 1920, prohibiting the transportation
of passengers or merchandise between points

in the United States in any vessel other than

a vessel built in, documented under the laws

of, and owned and operated by citizens of the
United States. In general, this means that all
vessels transporting passengers or merchandise
between two points in the United States, such

as a port and an offshore wind installation,

must be U.S.-flagged vessels with a U.S. crew
and ownership. Points in the United States are
defined as any point on land, such as a port, and
locations within 3 nm from shore. Although the
general applicability of the Jones Act to offshore
wind is well-established, some aspects of how it
may apply to particular projects or circumstances
are unresolved [68].

Even fewer can install state-of-the-art turbines in
transitional depths of 30 to 60 m, which are prevalent
in the United States (5. Engaging European vessels
may require inefficient and risky installation strategies
to navigate under Jones Act requirements. Typically,
TIVs book years in advance and can cost between

$300,000 and $850,000 per day to operate (5], and U.S.
developers would have to incur additional mobilization

and demobilization costs to engage these vessels. The
supply chain on the West Coast of the United States
is considerably less developed than the East Coast or

the Gulf; however, West Coast depths will likely require

floating foundations, which may not require pur-
pose-built installation vessels.

Marine operations mean that O&M costs of offshore
wind facilities are significant, and are largely driven by

two factors: 1) the distance between the project and the

maintenance facilities, and 2) the prevailing wind and
wave conditions at the project site [51. Purpose-built
O&M vessels are being constructed in Europe to adapt
to particular site conditions, and the first U.S.-flagged
O&M vessel was launched in 2016 to service the Block

Island Wind Farm [691. Although the U.S. workforce has

limited O&M offshore wind field experience, there are

many lessons to be learned from Europe and opportuni-

ties to gain experience as the industry matures.

Safely delivering technicians, equipment, and turbine
components to project sites is an additional challenge.
Under current regulations, renewable energy lease
holders on the OCS are required to provide a safety
management system that outlines the safety measures
that will be utilized during its OCS activities; however,
safety requirements have not yet been well defined.

Work to Date

Since 2011, DOE has invested about $1.3 million in
studies to build an understanding of the supply chain
assets that will be needed in the United States to
support a robust offshore wind industry. These studies
address port readiness [701; manufacturing, supply chain,
and workforce [561; and vessel needs (71, each under a
variety of deployment assumptions through 2030.

DOI built on DOE’s port readiness work with a more
detailed study of East Coast ports on the modifications
that would be needed to support offshore wind energy
construction. Although many of the required capabilities
are available at today’s ports, the primary exception is
the ability to handle the weight of the heaviest wind
turbine components [721. There are many innovative
ways (e.g., logistics, equipment) to adapt a port to
service offshore construction. BOEM also funded a study
assessing current infrastructure requirements and identi-
fied changes to West Coast port facilities that may be
necessary to support floating wind projects. The study
concludes that if no modifications are made, developers
of commercial-scale projects will most likely utilize a
network of ports to provide fabrication and assembly
support [721.

DOI has also begun taking steps to better clarify its
safety requirements for offshore wind projects. DOI’s
TAP provides a research element that supports its

OCS standards and regulations. Research associated
with TAP includes a wide spectrum of topics related to
offshore operations in the OCS, including renewable
energy. Through TAP, DOI has conducted studies? that
provide an example safety management system for an
offshore wind facility [73-741. These studies found that
many of the same safety and environmental manage-
ment system requirements DOI uses for the offshore oil
and gas industry could be applied to ensure the health
and safety of an offshore wind workforce. TAP studies
also examined land-based and international offshore
inspection practices related to wind turbine facilities and
associated electrical transmission systems.
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To manage safety and environmental oversight of
offshore wind construction and operations, DOI will
soon be transferring inspection and enforcement
responsibilities from BOEM to BSEE. When DOI created
BOEM and BSEE in FY12, it did not transfer the safety
and environmental enforcement functions for renewable
energy to BSEE as it did for oil and gas activities on the
OCS. Instead, those responsibilities were to be retained
by BOEM until an increase in activity justified transfer-
ring the inspection and enforcement functions to BSEE.
With initial construction of OCS projects expected to
commence in the near future, BOEM and BSEE are
working together to plan and implement this transition.
A transition team is engaged in the effort to redesignate
the renewable energy regulations in 30 Code of Federal
Regulations (CFR) Part 585 between the two bureaus,
and is also working to develop an outreach and commu-
nication plan to clarify the roles and responsibilities of
each bureau to lessees and other stakeholders.

Remaining Gaps

Establishing the supply chain for the offshore wind
industry and realizing the efficiencies and cost
reductions that will come with it ultimately depends
on a stable and significant project pipeline. Exploring
mechanisms that would reduce the costs of initial

supply chain investments and maximize the use of
current assets can help alleviate supply chain challenges
in the interim.

Mechanisms available to support the financing and
construction of TIVs need to be explored. Constructing
a U.S.-flagged installation vessel would free developers
from depending on European vessels, but competition
between multiple vessels in the United States is likely
to be needed before significant cost reductions are
possible. Before that happens, it is essential to conduct
an inventory of existing U.S. assets that can support
installation, operation, and maintenance activities for
offshore wind facilities, as well as identify ways to use
these assets in the most cost-effective, least risky way.

The United States also needs a set of clear safety
standards and regulations. Existing research and lessons
learned from operational offshore wind facilities world-
wide provide a sufficient foundation for DOI to develop
safety regulations, guidelines, and procedures. Further,
this information would provide DOl with the ability to
establish criteria for conducting inspections of offshore
renewable energy facilities to protect the safety of the
structures and foundations and provide a safe environ-
ment for onsite personnel, as well as anyone working in
the surrounding lease area.

3.2 Strategic Theme 2: Supporting Effective

Stewardship

Effective stewardship of the nation’s ocean resources
will be necessary to support an offshore wind industry
in the United States. DOI, through BOEM, oversees the
responsible development of energy on the OCS. It is
important for developers to have certainty when nav-
igating the regulatory and environmental compliance
processes. To support effective stewardship of these
resources, the following action areas are needed:

» Ensuring efficiency, consistency, and clarity in the
regulatory process. BOEM has significantly increased
the efficiency of the regulatory process over the past
several years. Nevertheless, further work can be done
to ensure that existing requirements are not overly
burdensome, such as providing more predictable
review timelines.

* Managing key environmental and human-use
concerns. To ensure that offshore wind is developed
in a sustainable manner, more data need to be
collected regarding the impacts of offshore wind on
existing human uses of ocean space and sensitive
biological resources. In addition, some issues could be
retired as they are resolved to improve the efficiency
of environmental reviews and allow for a greater
focus on the most significant risks and impacts.
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Action Area 2.1: Ensuring
Efficiency, Consistency, and Clarity
in the Regulatory Process

Problem Statement

Although progress has been made to improve the off-
shore wind planning, leasing, and approval processes,
developers still face significant obstacles in the regulatory
oversight process that will need to be overcome to facili-
tate efficient and responsible offshore wind development.

Current Baseline

The OCS Lands Act imposes a number of obligations
on BOEM when conducting its offshore wind oversight
processes. For example, BOEM must ensure that proj-
ects are developed in an environmentally responsible
and safe manner that considers other uses of the OCS,
and must coordinate with relevant federal agencies and
affected state and local governments when moving
forward with its offshore wind authorization process.
Though BOEM is the lead federal agency, there are
many other agencies that issue authorizations or are
otherwise involved in or potentially affected by offshore
wind projects, including the Army Corps of Engineers,
U.S. Coast Guard, NOAA, the U.S. Department of
Defense, and the National Park Service.

At the time A National Offshore Wind Strategy: Creating
an Offshore Wind Energy Industry in the United States
(2011) was released, the first offshore wind projects
were progressing through BOEM’s regulations and the
considerable uncertainty regarding the process time-
lines and cost was regarded by stakeholders as one

of the most pressing challenges to industry [8]1. Since
then, several developers have completed portions of
the permitting process and BOEM has made strides in
the planning and leasing of the OCS for offshore devel-
opment, as well as identifying and remedying issues
associated with its oversight processes.

For the Atlantic OCS, BOEM has conducted commer-
cial wind planning and leasing processes for areas off
the coast of six states, and is continuing with these
processes for another three states. The agency has
established 13 Task Forces across the country and issued
11 commercial wind leases along the Atlantic Coast—9
through the competitive lease sale process and 2 non-
competitively. BOEM is in the process of establishing an
additional Task Force with the State of California. These
competitive lease sales have generated $16.4 million

in auction revenue for more than 1.18 million acres in
federal waters. BOEM has also issued a research lease to
the Commonwealth of Virginia and approved a Research
Activities Plan for that project.

In the Pacific Region, BOEM has initiated the commer-
cial leasing process for an area off the coast of Oregon.
Further, BOEM has published a Call for Information
and Nominations for two areas offshore Hawaii, and a
Request for Interest for one area offshore California.

BOEM’s Approach to Authorizing
Offshore Wind Activities

BOEM'’s offshore wind authorization process includes
four phases: 1) planning, 2) leasing, 3) site assessment,
and 4) construction and operations.

Planning and Analysis

Once a state has expressed interest in the development
of wind energy resources off its coast, the planning
process typically begins with the establishment of an
Intergovernmental Renewable Energy Task Force. The
Task Force consists of relevant federal and potentially
affected state, local, and tribal officials. BOEM works
with each Task Force to identify an area or areas of the
OCS to consider for commercial wind energy leasing
and subsequent development and/or review of unso-
licited applications for commercial wind leases that

are submitted by specific developers. Though the Task
Force is not a decision-making body, BOEM coordinates
with the members of each Task Force to inform how and
whether renewable energy planning and leasing should
proceed. In particular, Task Force members help inform
BOEM'’s decision-making by identifying important
resources and uses that may conflict with commercial
wind energy development.

After delineation of a planning area in coordination

with the applicable Task Force and/or receipt of an
unsolicited application identifying a particular area from
a developer, BOEM will typically publish one or more
Federal Register notices (e.g., a Request for Interest, Call
for Information and Nominations) to determine whether
there is competitive interest in the area identified and
gather comments from the public.

Leasing

If there is competitive interest, BOEM will initiate a
competitive planning and leasing process, including
area identification. During this process, the agency
considers all relevant information received to date,
including public comments and nominations received
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« [f Competitive Interest
exists, BOEM notifies
the public and
developers of its
intent to lease through

Sale Notices before
holding a lease sale

BOEM publishes one or
more Federal Register
notices and determines
whether competitive
interest exists

BOEM may further
refine area, and
conducts necessary
environmental reviews
evaluating lease
issuance and site
assessment

« [f Competitive Interest
does not exist, BOEM
negotiates a lease
(note: issuance may
be combined with
plan approval)

* Lessee conducts site
characterization
studies

* Lessee may conduct
additional site
characterization

* Lessee submits
Construction and
Operations Plan (COP)

* BOEM conducts
environmental and
technical reviews of
COP, eventually
deciding to approve,
approve with
modification, or
disapprove the COP

* Lessee submits
Site Assessment
Plan (SAP)

* BOEM conducts
environmental and
technical reviews of
SAP, eventually
deciding to approve,
approve with
modification, or
disapprove the SAP

« If approved, Lessee
builds wind facility

* |f approved, Lessee
assesses site (usually
with meteorological
tower(s) and/or
buoy(s)

Intergovernmental Task Force Engagement

Figure 3.4. The four stages of BOEM’s wind authorization process [75]

in response to a Request for Interest or Call for Infor-
mation and Nominations. This approach helps balance
potential commercial wind development against other
uses of the area and environmental concerns associated
with offshore wind development. If BOEM is able to
identify an area that appears suitable for offshore wind
development through this process, that area is referred
to as a WEA. BOEM will then conduct the necessary
environmental reviews and consultations to inform a
potential leasing action for the WEA. During this review,
BOEM will consider the reasonably foreseeable impacts
associated with lease issuance, associated site-charac-
terization surveys, and site assessment activities (e.g.,
installation and operation of meteorological towers
and/or buoys). BOEM may then publish sale notices
detailing the proposed lease sale and hold an auction
to award one or more leases to the winning bidder(s).

If BOEM determines there is no competitive interest

in a requested potential lease area, then after the
completion of necessary environmental reviews, BOEM
may, if deemed appropriate, begin negotiating the
terms of a lease with the interested developer prior to
issuing a lease.

Site Assessment

After lease issuance, the lessee begins the site assess-
ment phase, and has approximately 5 years to complete
the necessary site characterization and assessment
activities to gather information to support its com-
mercial proposal. If a lessee is proposing to install a
meteorological tower and/or buoy to gather wind and
oceanographic resource data on the leasehold, it must
submit a Site Assessment Plan (SAP) that describes
these activities for BOEM’s review and approval. If the
proposed activities and their effects are outside the
scope of BOEM’s previous environmental reviews and
consultations, additional review and consultation may
be necessary.

Construction and Operations

The final phase of the process—construction and opera-
tions—begins with the submission of the lessee’s Con-
struction and Operations Plan (COP). The COP contains
the lessee’s detailed plan for the construction and oper-
ation of a wind energy project in the lease area. BOEM
will conduct thorough engineering and environmental
reviews of the COP, likely including an Environmental
Impact Statement under NEPA. After the approval,

or approval with modifications, of a COP, the lessee
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would develop and submit its Facility Design Report

and Fabrication and Installation Report. The lessee may
commence fabrication and installation of its facility once
BOEM has reviewed these reports and any of its objec-
tions to them have been resolved. BOEM’s offshore wind
leases typically include a 25-year operations term. At the
end of the operations term, the lessee will be required to
decommission its project.

Once a lease is acquired, BOEM requires that a lessee
pay rental and operating fees (to ensure “fair return”

to the nation for use of the OCS), and that the lessee
provide financial assurance to protect the government’s
interests.

Work to Date

BOEM has made important progress in granting access
to the OCS for renewable energy development, and the
agency has been incorporating lessons learned and iden-
tifying and implementing improvements to the program
where appropriate. For example, BOEM has promulgated
two changes to its regulations since they were published
in 2009. The first change, finalized in 2010, eliminated

a redundant step in BOEM’s noncompetitive leasing
process. In 2014, BOEM finalized a rulemaking to change
certain plan submission timelines that were proving
unworkable for developers.

BOEM has also developed a number of national and
regional guidelines to provide its renewable energy
lessees with additional information and guidance for
compliance with its regulations, standards, and other
requirements. For example, BOEM has developed guid-
ance documents that provide the information recom-
mended for inclusion in an SAP and COP, and a series
of survey guidelines, including those for providing the
recommended geophysical, geotechnical, and hazard
information; biological data; and archaeological and
historic property information.

DOE’s current and former Offshore Wind Advanced Tech-
nology Demonstration Projects have helped to exercise
the regulatory process on both the state and federal level.
Specifically, Principle Power’s WindFloat Pacific project

in Oregon and Aqua Ventus in Maine have presented
regulators with alternative floating foundation technol-
ogies that required analysis from a new perspective.

The Commonwealth of Virginia, working with Dominion
Energy’s Virginia Offshore Wind Technology Advance-
ment Project, was issued the first research lease in federal
waters. Activities under these awards have also helped
the community of cooperating agencies to become famil-
iar with offshore wind energy and its siting processes.

Remaining Gaps

BOEM has received suggestions for specific changes
to its regulatory process that could make it more effi-
cient for developers. Stakeholders have recommended
that BOEM reduce the burden of certain requirements,
shorten and increase certainty associated with review
timelines, and improve coordination among agencies
and stakeholders during the regulatory process. Some
suggestions are described below.

Reducing the Burden of Regulatory
Requirements for Meteorological Buoys

Under BOEM’s current regulations, a lessee is required to
submit a SAP when proposing to install a meteorolog-
ical buoy and/or meteorological tower in its lease area.
Because BOEM'’s experience reviewing SAPs is limited, it
is reasonable to anticipate that the process of reviewing
and approving a SAP could take several months. In pre-
vious environmental reviews, BOEM has concluded that
the environmental impacts associated with deploying

a buoy are not significant under certain conditions. As
such, there is an opportunity for BOEM to reconsider its
requirements associated with buoy deployment.

Decommissioning Financial
Assurance Requirements

BOEM'’s current decommissioning financial assurance
regulations require a lessee to submit financial assurance
covering the anticipated decommissioning costs of the
proposed offshore wind project prior to installing facil-
ities approved in a COP. Commenters have argued that
this would increase the cost of energy from a project
with little added public benefit. According to comment-
ers, providing for flexibility to offer decommissioning
financial assurance later in the operations term would
help ensure that decommissioning requirements are
met in a manner that does not disadvantage offshore
wind developers relative to other forms of new power
generation.

Ensuring Effective and Timely Plan Reviews

Stakeholder feedback has suggested that BOEM’s
plan-review process needs to be more transparent,
predictable, and expeditious to reduce scheduling uncer-
tainty and financial risk. A factor contributing to regula-
tory complexity is that many agencies have roles in the
offshore wind project authorization process and there
are challenges to aligning numerous entities at different
levels of government. The number of permits and autho-
rizations required for the realization of an offshore wind
project can be daunting for developers.
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Title 41 of the Fixing America’s Surface Transportation
Act (P.L. 114-94)% (FAST-41), requires the facilitating or
lead agency of a major infrastructure project to establish
and publicly track a concise Coordinated Project Plan
for coordinating participation in, and completion of,

any required federal authorizations and environmental
reviews, including a permitting timetable that outlines
the dates by which all reviews and authorizations must
be made.? BOEM will track COP reviews through FAST-
41, and there may be additional steps that the organiza-
tion can take to create a predictable plan-review process.

Feedback from developers also suggests that it is not
practical to submit a COP that includes all project spe-
cifics, and that a degree of flexibility would allow devel-
opers to make certain project-design decisions—such as
which turbine to use—at the more commercially advan-
tageous time later in the project-development process.
This could potentially be accomplished by implementing
the “design envelope” environmental review approach
that is employed in certain European nations. With this
approach, the environmental review is conducted by
resource area, to include the greatest potential impact
from a range of design options and parameters.

Enhancing Coordination Around
Lease Area Identification

Many RFF comments from stakeholders highlighted the
need for BOEM to better coordinate with other ocean
users as the agency identifies potential areas for leasing
(e.q., fishermen and vessel operators). One commenter
also recommended that BOEM reach out to NREL during
the planning process to help ensure that areas prelimi-
narily identified are suitable for development.

Other commenters recommend that BOEM consider a
more regional approach to planning than is currently
provided for in BOEM’s Task Force process. For instance,
one RFF commenter argues that the state-by-state Task
Force approach can unintentionally exclude the interests
of states other than the “lead” state, resulting in issues
being raised late in the process. BOEM has made adjust-
ments to its outreach and coordination strategy for
certain areas to try to better account for regional issues
(e.g., realigning the planning and leasing process for the
Wilmington West and East WEAs with the process for
the South Carolina Call Areas, and conducting outreach
in a number of states to ensure regional input into the
New York WEA leasing environmental review process).
However, comments indicate that as BOEM continues

to identify new areas for offshore wind development,

it may be able to make adjustments to its typical Task
Force establishment process to ensure that planning
and leasing efforts are better informed.

Action Area 2.2: Managing
Key Environmental and
Human-Use Concerns

Problem Statement

Much has been learned about how offshore wind facil-
ities could impact environmental resources and human
activities; however, some impact assumptions are
founded in predictive information rather than in empiri-
cal research. The construction and operation of the first
U.S. offshore facilities provides the opportunity to verify
the analysis of previous studies, address impacts and
use conflicts based on field-verified information, and
promote regulatory certainty and ensure sound stew-
ardship of the OCS.

Current Baseline

As noted in Section 2.7, offshore wind development car-
ries with it substantial positive environmental benefits,
both on land and at sea, including significant reduction
in cumulative GHG emissions, air pollution, and water
usage by the energy sector [21. Still, large-scale deploy-
ment requires responsible stewardship to ensure that
direct impacts to wildlife, sensitive habitat, and existing
uses are properly managed. Wildlife and human-use
concerns associated with offshore wind include effects
on migratory birds, marine mammals, and other sensi-
tive species, as well as impacts to human communities
and competing uses such as fisheries and radar systems.

Offshore biological surveys along the East Coast,
including a DOE- and DOI-sponsored effort recently
conducted by the Biodiversity Research Institute,
indicate that bird abundance is generally greater in
nearshore areas [76-771. Additionally, most seabirds

fly below the rotor swept area (781, whereas land and
shorebirds migrating offshore generally fly at heights
above the rotor swept zone (76, 79]. However, concerns
still persist that offshore wind could displace birds from
important habitats or create barriers to migration. Under
the Endangered Species Act, BOEM consults with the
U.S. Fish and Wildlife Service (FWS) to address potential
impacts to threatened and endangered avian species.
With respect to migratory birds, BOEM consults with
FWS about potential impacts to these types of birds
and may impose measures to lessen such impacts con-
sistent with BOEM’s obligations under its memorandum
of understanding with FWS and Executive Order 13186,
thereby furthering the objectives of the Migratory Bird
Treaty Act.
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Offshore wind facilities can also pose risks to marine
mammals, protected under the Endangered Species
Act and the Marine Mammal Protection Act, through
noise related to surveys and construction—particularly
pile-driving associated with fixed-bottom foundations.
To address these impacts, BOEM consults with the
National Marine Fisheries Service under the Endan-
gered Species Act prior to approving such activities
and requires developers to comply with any resulting
required mitigation measures. In addition, developers
may need to apply for incidental harassment authoriza-
tion under the Marine Mammal Protection Act.

Offshore wind facilities may also impact human commu-
nities and competing uses in ways that affect important
aspects of coastal culture and economies. Commercial
and recreational fishermen have expressed concern that
access to historic fishing grounds could be impacted

by offshore development. The placement of permanent
structures offshore could also affect shipping routes
and navigation. In addition, air traffic control, air surveil-
lance, weather, and navigational radar systems may be
impacted by offshore wind turbines through increased
clutter that may inhibit target detection, increase the
generation of false targets, interfere with target track-
ing, and hinder weather forecasting [so1. These issues
may be different from those caused by land-based

wind turbines, given how radar signals propagate in

the ocean environment. Lastly, coastal communities are
often concerned about visual impacts, particularly with
respect to important historic properties [s.

Work to Date

Since 2011, there has been a significant increase in
knowledge of environmental resources and human uses
where offshore wind development may occur and the
impact that development may have on those resources.
Numerous data-collection efforts have increased
information regarding marine species distribution and
abundance in regions of interest for offshore wind
development around the nation. Studies have improved
the understanding of and certainty associated with risks
to birds and bats, and the potential effects of electro-
magnetic fields generated by interarray and power
export cables on sensitive species. Studies have also led
to best practices for lighting of offshore wind turbines,
and sound source verification for high-resolution geo-
physical equipment and pile driving associated with
offshore wind development and construction activities.

The availability of reliable data is vital for responsible
and informed decision-making by governmental agen-
cies and developers alike. BOEM gathers information

about existing environmental and human-use condi-
tions along the OCS and assesses potential impacts to
determine which areas are appropriate for leasing and
siting offshore wind facilities. Information that improves
this foundational knowledge and is applicable beyond

a single lease area®is generally understood to be the
responsibility of federal agencies.

Developers are responsible for providing BOEM with
site-specific information to inform how their renewable
energy plans could affect the coastal, marine, and
human environment. This information, in turn, supports
BOEM'’s environmental analysis and helps determine
what measures may need to be taken to avoid, mini-
mize, or otherwise mitigate these impacts.?? BOEM has
developed a number of national and regional guidelines
for renewable energy activities on the OCS. These
informal documents are intended to provide lessees,
operators, and developers with additional information
to clarify and supplement regulatory requirements

and plan development. Existing guidance can be
found on BOEM’s website: http.//www.boem.gov/
National-and-Regional-Guidelines-for-Renewable-
Energy-Activities/. In 2015, BOEM published guidance
for providing information on the social and economic
conditions of fisheries, through the development of a
fisheries engagement strategy.

BOEM'’s approval process includes the analysis of the
environmental effects from the construction, operation,
and decommissioning of offshore wind facilities. With-
out real-time observations of these activities, estimates,
and conservative scenarios based on the best available
information are used to make these determinations.
These analyses would benefit from empirical studies of
actual impacts.

The construction and operation of the first offshore
wind facilities provide an opportunity for more detailed
and empirical assessments of the environmental effects
of offshore wind turbines. Thus, BOEM commissioned
the Real-time Opportunity for Development Envi-
ronmental Observations (RODEOQ) study in 2015. The
objective of the study is to acquire real-time observa-
tions of the construction and initial operation of wind
facilities to evaluate the environmental effects of future
facilities. The study also offers the opportunity to
address many of the environmental questions that are
of concern to the public, as well as other federal, state,
and local agencies. RODEO will measure and analyze air
emissions, sound produced by construction and oper-
ations activities, seafloor disturbance associated with
cabling and vessel anchoring, and visual impacts from
construction and early operation. In addition to actual
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Mid-Atlantic Ecological Baseline Study

DOE, in collaboration with a wide range of partners, including DOI, funded the Biodiversity Research
Institute to conduct the first-of-its-kind Mid-Atlantic Ecological Baseline Study between 2011 and
2015. The study provides comprehensive baseline ecological data and associated predictive models
and maps to regulators, developers, and other stakeholders to inform the siting and permitting of
offshore wind energy. This 4-year effort provides an extensive data set on species of concern to the

wind energy community, covering over 13,000 km? of ocean space including the Delaware, Maryland,
and Virginia WEAs, while validating novel high-definition survey technologies. The results of this study
will significantly reduce the effort required by developers working in the study area and will serve as

a starting point for broad-scale and site-specific environmental risk analyses and evaluating potential
measures to avoid and minimize risks to wildlife from human activity in the offshore environment.

For more information, visit

STUDY AREA EXAMPLE C: PREDICTED ABUNDANCE
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measurements, mitigation methodologies and testing
of monitoring equipment are included as part of the
study’s obligations. BOEM contractors were in the field
during the summer and fall of 2015 to take measure-
ments at the site of the Block Island Wind Farm during
and after installation of its foundations.

Additionally, in A National Offshore Wind Strategy:
Creating an Offshore Wind Energy Industry in the
United States (2011), DOE and DOI noted that although
hundreds of environmental studies have been con-
ducted in Europe at offshore wind farms, few studies
have been done in U.S. waters given the lack of
deployments to date. Since 2011, DOE has invested
about $8 million related to these issues, and along
with other federal agencies, has engaged in efforts to
gather, analyze, and publicize data on environmental
and competing use issues. These data will allow DOE
to better inform stakeholders and policymakers on the
extent of potential impacts of offshore development
and begin to shed light on how those impacts might be
mitigated. The largest of these efforts, the Mid-Atlantic
Ecological Baseline Study, is described in the text box
provided earlier.

Regarding the impacts of offshore wind on radar
systems, DOE has funded a study modeling potential
effects [801, and established a memorandum of under-
standing to mitigate wind turbine radar interference
with the U.S. Department of Defense, Federal Aviation
Administration, and NOAA to guide collective R&D
efforts. These and other such efforts seek to avoid
compelling individual developers to shoulder the high
costs of more broadly applicable research and will build
a common knowledge base.

Over the same period, BOEM has invested approxi-
mately $24 million in studies supporting renewable
energy needs along the Atlantic Coast and more than
$14 million along the Pacific Coast and Hawaii. The
majority of these funds were spent on studies to better
understand habitat and ecology on the OCS. Other
areas of study included social science and economics,
marine mammals and protected species, fates and
effects,*® as well as air quality, information management,
and physical oceanography. The information obtained
from these studies helps inform BOEM guidance and
environmental analyses.

Remaining Gaps

The first generation of installed projects will help to
establish and validate the actual effects and impacts of
offshore wind development on biological communities,
and narrow the range of potential effects that need to
be monitored or mitigated at a given site. Collecting
field data on impact-producing factors like construc-
tion noise and how these factors affect resources

of concern like marine life will help to verify impact
assumptions. Such information has the potential to dis-
tinguish which risks are significant or highly unpredict-
able—and therefore important to monitor and mitigate
over the long term—from predictable and insubstantial
risks that can be “retired” from consideration, monitor-
ing, or mitigation.

From a human-use perspective, field experience also
provides an opportunity to gain an understanding of
the impacts of actual projects on issues such as radar
interference. Although the effects of land-based wind
development on various radar systems are well under-
stood, there are unique considerations associated with
how radar signals propagate over water that require
closer attention. In addition, the first offshore projects
will allow for the more robust development of social
science that can better determine the drivers of public
acceptance of and opposition to offshore wind in the
United States. This knowledge can aid in the estab-
lishment of best practices for project developers and
regulatory processes that better address stakeholder
concerns and the development of appropriate mitiga-
tion measures.

Continued broad-scale and site-specific baseline
assessment will remain valuable as the offshore wind
industry develops. Given the expense associated with
baseline data collection, it is likely that agencies will
need to take an approach that combines site-specific,
developer-collected, preconstruction surveys with
surveys conducted for other broader scientific reasons
(such as monitoring of North Atlantic Right Whale
populations) into a coherent picture that supports off-
shore wind siting and plan reviews. As more developers
prepare to submit COPs, additional guidance may be
necessary to ensure that the data meet the needs of all
the federal agencies involved.
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3.5 Strategic Theme 3: Increasing Understanding of
the Benefits and Costs of Offshore Wind

An increased understanding of the benefits and costs of
offshore wind can help support near-term deployment.
Near-term deployment will be essential to realizing

the cost reduction opportunities provided by R&D and
enabling the development of a supply chain. To help
improve understanding of offshore wind’s benefits for

near-term deployment, work will be needed in two areas:

+ Offshore wind electricity delivery and grid integration.

Impacts of significant offshore wind deployment on
local grids need to be better understood, and the costs
and benefits associated with offshore transmission
infrastructure need to be characterized.

* Quantifying and communicating the benefits and
costs of offshore wind. Environmental and economic
benefits and costs associated with offshore wind need
to be rigorously quantified and communicated to
policymakers and stakeholders to inform decisions on
near-term PPAs and policies related to offshore wind.

Action Area 3.1: Offshore
Wind Electricity Delivery
and Grid Integration

Problem Statement

Significant progress has been made to understand and
address the challenges of integrating large amounts of
variable renewable energy into the U.S. grid, but the
unique challenges of large amounts of offshore wind
have not been evaluated, particularly on the scales that
are relevant to local system operators and utilities. Build-
out of significant offshore transmission “backbones”
have been proposed as a means to support such integra-
tion and provide broader value to the electrical system,
and the benefits and costs of such infrastructure need to
be well defined.

Current Baseline

In Europe, more than 12 GW of offshore wind capacity
had been installed at the end of 2015, enough capacity
in an average wind year to provide 1.5% of the Euro-
pean Union’s total electricity consumption [821. The grid
infrastructure supporting this generation is significant,
and includes 11 offshore grids operating in the North and

Baltic Seas and another 21 currently being considered
by grid operators [82]1. This power is interconnected to
the transmission and delivery infrastructure operated by
member states and commissions, and as offshore wind
penetration has grown, its impacts on system reliability
and operating costs have been minimal. The future
outlook from a technical perspective is positive as well.
A 2010 analysis by the European Wind Energy Asso-
ciation concluded that “the capacity of the European
power systems to absorb significant amounts of wind
power is determined more by economics and regulatory
frameworks than by technical or practical constraints.”
According to recent work by the International Energy
Agency, offshore wind energy could account for 5% of
global electricity generation by 2050 (83].

The United States has significant experience integrating
land-based wind and other variable renewables. In 2015,
nearly 5% of U.S. electricity was generated by wind
energy [1], with lowa generating more than 30% of its
electricity from wind [61. Further, much has been done
to investigate the impacts of incorporating significant
percentages of wind and other variable renewables into
the grid. Numerous studies have shown that the grid
operates reliably with wind energy contributions over
10%, with minimal impacts on network operating costs
and the ability to operate reliably at much higher pene-
trations [84-85].

Recently, the DOE-funded National Offshore Wind
Energy Grid Interconnection Study 1441 also found that
the primary barriers to offshore wind interconnection
and integration in the United States are not technical or
practical in nature, finding that “appropriate technol-
ogies exist for interconnecting large amounts of wind
energy to the U.S. grid.” Instead, the report advised that
R&D efforts were best focused on the reduction of initial
capital investment.

Work to Date

Since 2011, DOE has funded more than $2.4 million of
R&D to better understand electric system impacts. The
FY 2011 U.S. Offshore Wind: Removing Market Barriers
FOA made funding available to 12 research projects for
the purpose of facilitating deployment and reducing
technical challenges facing the offshore wind industry.



3.0 MAJOR ACTION AREAS FOR U.S. OFFSHORE WIND INDUSTRY DEVELOPMENT 43
3.3 Strategic Theme 3: Increasing Understanding of the Benefits and Costs of Offshore Wind

These studies investigated the impact of changes to
existing practices in power system operations, the

role of forecasting, and the capability of supply- and
demand-side technologies in providing the needed flexi-
bility to integrate wind power into the existing grid.

BOEM'’s involvement in electric systems is limited,
though NREL has recently delivered data inputs to
BOEM and the California Public Utilities Commission to
support the expanded capability and application of the
California Renewable Portfolio Standard (RPS) Calcula-
tor to offshore wind energy. The RPS Calculator creates
plausible portfolios of renewable resources needed to
meet RPS policy goals, from inputs describing six sites
able to support offshore wind before 2030. These inputs
include parameters such as project cost, O&M costs,
technology capacity factors, and hourly production
profiles, and have been reviewed by NREL and industry
offshore wind experts.

Remaining Gaps

Although the electrical system impacts may be largely

analogous to land-based wind, there remain some key dif-
ferences in the interconnection and integration of offshore
wind energy onto the grid that need further investigation.

Continued interconnection and integration studies con-
ducted over state and regional areas could help quantify
the broad grid integration impacts (see Action Area

3.2: Quantifying and Communicating the Benefits and
Costs of Offshore Wind) of adding significant amounts
of offshore wind energy to the power system, but at a
level of specificity relevant to local system operators
and utilities. These studies could focus on issues such as
the impact of offshore wind’s coincidence with system
loads, how its capacity value differs from land-based
wind near coastal areas, and its influence on regional
electricity markets. Such information could significantly
benefit the offshore wind community by informing state
policies critical to supporting development.

Beyond interconnection and integration studies, R&D on
reducing initial capital costs—including the development
of cables and compact high-voltage direct-current
converters—could lower the financial barrier to entry,
increasing offshore wind energy penetration and
reducing the cost of offshore wind energy. According

to the 2074-2015 Offshore Wind Technologies Market
Report, an increase in array system voltage has the
potential to reduce CapEx through more efficient cable
layout, decrease electrical losses (up to 75%), reduce the
mass and number of substations, and increase reliability
[51. Yet, progress towards higher-voltage systems in the
United States has been slower than anticipated [se6].

European projects are currently adopting higher-
voltage export cables to reduce CapEx on projects sited
further offshore. At distances greater than 90-120 km,
conventional high-voltage alternating-current electrical
infrastructure becomes prohibitively expensive, and
transmission system operators in Europe are starting

to use recently introduced high-voltage direct-current
technologies [5].

Action Area 3.2: Quantifying
and Communicating the Benefits
and Costs of Offshore Wind

Problem Statement

The greatest challenge facing near-term offshore wind
deployment is the availability of above-market PPAs

or other revenue streams sufficient to finance projects.
Rigorously quantifying the full electricity market and
environmental benefits and costs of offshore wind (as
discussed in Section 2.7) and ensuring that they are
effectively communicated to policymakers and key
stakeholders can aid in the evaluation of projects and
policies around offshore wind and improve the basis on
which decisions are made.

Current Baseline

Much of the success of the European offshore wind
energy market in the face of high costs can be
attributed to long-term policy support. First-genera-
tion projects have benefited from aggressive climate
and renewable energy targets as well as explicit price
support mechanisms, such as feed-in tariffs, that pro-
vide a sufficient revenue stream to finance projects.

The resulting cost reductions and industry experience
gained have led policymakers in Europe to move away
from setting fixed, above-market prices for offshore
wind at a national level. They are now implementing
more creative price support mechanisms, such as auc-
tions, to encourage competition between developers [5],
and more indirect support, such as lower-cost financing
through government-backed green investment banks
and export credit agencies that have attracted commer-
cial lenders [871.

In the United States, federal incentives such as the
renewable electricity PTC and business energy ITC have
helped drive significant growth in renewables, partic-
ularly in land-based wind and solar energy. Because

of the capital-intensive nature of offshore wind devel-
opment, the ITC is more relevant, and its continuation
may be a significant driver for near-term development.
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As part of the Consolidated Appropriations Act of 2016
(P.L. 114-113), Congress extended the expiration date for
the ITC, with a gradual step down of the credits from
30% in 2016 to 12% for projects commencing construc-
tion in 2019 [31.

As of late 2015, 29 states and the District of Columbia
have RPSs to support the development of renewable
energy [88]. Many of these states have unique market
characteristics wherein offshore wind energy could
play an important role in meeting renewable-energy-
deployment and GHG-reduction targets. For instance,
New York and California each have significant energy
demand in coastal cities and aim to generate 50%

of their electricity from renewable energy [88]. New
England states have relatively high electricity prices,
renewable energy targets, and land constraints that
will likely require further consideration of offshore wind
development if a significant portion of their energy is
to come from in-state resources. Hawaii became the
first state to commit to a 100% RPS in 2015 (893, and
the state’s limited terrestrial resources and high energy
prices create a market ripe for offshore wind.

Given the relatively high cost of offshore wind com-
pared to other renewables, specific mechanisms have
been put into place in a few states that provide special
consideration. For example, New Jersey passed legisla-
tion requiring the establishment of an OREC program,
though the state has not yet established regulations
that provide a funding mechanism for the program. The
Maryland Offshore Wind Energy Act of 2013 provides
for ORECs for up to 2.5% of the state’s electricity supply
from offshore wind energy, requiring consideration of
peak load price suppression and limiting rate impacts.
[17,901.

Other states, such as Maine, Massachusetts, and Rhode
Island, have pursued, to varying degrees of success,
legislation that either mandates or allows for the
consideration of factors other than cost—such as net
economic benefits—in evaluating offshore wind PPAs.
Four offshore wind PPAs have been finalized in the
United States to date (though three have since been
terminated). Effective bundled prices have ranged from
approximately $180 to $240/MWh, with terms extend-
ing between 15 and 25 years [5].

All of the federal and state policies that have been
implemented to support renewable energy, and offshore
wind in particular, are motivated at least to some extent
by the notion that deploying offshore wind or other
renewables provides significant benefits—decreased
carbon and other air pollution, fuel diversity, energy

security, and economic development. A lack of rigor-
ous and accepted means of quantifying such benefits,
and particularly the unique combination of benefits

of offshore wind, has been a substantial barrier to the
evaluation of policies related to offshore wind as well as
project-level PPAs.

Work to Date

Through the Wind Vision, DOE examined the costs

and benefits of the development of 22 GW of offshore
capacity by 2030 and 86 GW by 2050. The study exam-
ined potential reductions in GHGs, water usage, and risk;
air pollution effects; energy diversity; and workforce
and economic development impacts (see Chapter 2 for
a more exhaustive look at the scenario). DOE closely
tracks and reports on project development and cost
trends both globally and in the United States through its
periodic offshore wind market reports.

As a result of local infrastructure requirements associ-
ated with the sheer size of equipment and complexity
of installation, operation, and maintenance activities,
offshore wind can bring significant wind-related jobs
and economic activity to coastal states, as it has in some
coastal areas in Europe. According to the Wind Vision,
the offshore wind deployment envisioned in the study
scenario could result in the creation of 32,000-34,000
offshore wind-related jobs in 2020, increasing to
76,000-80,000 in 2030, and 170,000-181,000 in 2050
21. DOE studies utilizing the offshore wind Jobs and
Economic Development Impact model show that an
offshore wind industry in four coastal regions of the
United States has the potential to support thousands of
jobs because of robust workforce requirements, even at
relatively conservative levels of deployment and domes-
tic supply chain growth (56, 911.

Through its WINDExchange program and several wind
Regional Resource Centers,* DOE has helped commu-
nities weigh the benefits and costs of offshore wind
energy, understand the deployment process, and make
wind development decisions. The goal of the Regional
Resource Centers project is to make it easier for stake-
holders and policymakers to decide if wind project
development is appropriate for their communities by
producing relevant, actionable, and fact-based infor-
mation; and delivering that information to communities
considering their options in a clean energy portfolio.

In 2015, DOE’s State Energy Program awarded almost
$600,000 to state agencies in New York, Maine, Mas-
sachusetts, and Rhode Island, in addition to the Clean
Energy States Alliance, to develop a roadmap to a
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regional market for offshore wind. Through this DOE
award, the states and Clean Energy States Alliance will
examine how to identify achievable cost reductions
associated with a pipeline of projects.

BOEM collects revenues from lessees, or potential
lessees, in the form of acquisition fees for unsolicited
lease requests, bonus bids from auctions, rent for leases
that have been issued, and operating fees for leases that
have been developed and are in operation. In response
to comments received from stakeholders, BOEM has
implemented a process that considers state policies that
support offtake agreements and other incentive pro-
grams in designing its offshore wind energy auctions. In
its recent New Jersey lease auction, for example, BOEM
employed a multiple factor auction format that included
nonmonetary factors of either up to a 25% credit to any
bidder able to demonstrate that they had a PPA in the
amount of 250 MW, or a 25% credit to any bidder able
to demonstrate they had an approved or conditionally
approved OREC order from the New Jersey Board of
Public Utilities. BOEM offered similar nonmonetary
factors in its Maryland auction, and other nonmonetary
factors in its Massachusetts and Rhode Island lease
auctions. BOEM will likely continue to consider including
these nonmonetary factors in future auctions in recog-
nition of agreements that it believes would substantially
contribute to the success of an offshore wind project.

Remaining Gaps

Rigorously quantifying the full costs and benefits of
offshore wind development in the context of both
electricity markets and broader policy issues, such as
economic development and climate change, will allow
for better-informed discussion between offshore wind
developers, regulators, public utilities commissioners,
ratepayers, and clean energy advocates surrounding
policies to support offshore wind and the approval of
project-specific PPAs and incentives.

For electricity markets to fully value the attributes of
offshore wind energy, these attributes need to be quan-
tified and articulated to the public. In certain markets
with locational marginal pricing, offshore wind devel-
opment may drive down wholesale electricity costs.
The wholesale prices of these markets vary by time and
region, and incorporate three cost components: energy,
transmission congestion, and transmission losses.
Offshore wind development can help lower transmission
congestion and losses by taking advantage of relatively
short interconnection distances between project sites
and urban electric grids in coastal and Great Lakes

states. Because of winds that peak in the late afternoon
and evening—coinciding with peak loads—offshore
wind in many parts of the Atlantic and Pacific regions

is also likely to have a higher capacity value than land-
based wind. These factors suggest that offshore wind
could help depress prices in these areas, and thus lower
electricity prices for utilities in the short term (21.

Environmental and economic externalities associated
with offshore wind development also need to be better
quantified. For example, emissions reduction and water
use figures associated with offshore wind in the Wind
Vision were estimated from the effects of all wind
generation deployed in the study scenario and propor-
tionally allocated to offshore wind based on its share
of total wind generation. There is an opportunity to
conduct more robust analysis that isolates the benefits
of offshore wind and is conducted on a regional or state
scale. This type of examination would provide a more
useful picture to policymakers that can contribute to
carbon reduction efforts, such as the Clean Power Plan,
or other state energy or environmental planning and
policy development.

Stakeholders have suggested that BOEM take further
steps to align its process with state policies and avail-
able offtake mechanisms. Although significant steps
have been taken to ensure effective federal and state
coordination (e.g., BOEM’s intergovernmental OCS
Renewable Energy Task Forces), such coordination can
be complicated because state policies and political
landscapes change and proposed projects are often
proximate to more than one state.

BOEM has received suggestions to alter the existing
operating fee payment formula. Developers suggest that
certain adjustments to the calculation would enhance
price stability and reduce uncertainty in the high-cost
offshore operating environment. There is also an oppor-
tunity to more effectively link the relative economic
potential of a WEA with the BOEM WEA planning
process. Adding economic metrics to the delineation of
WEASs could result in site selection that is more prac-
tically developable, providing an opportunity for more
informed bidding.

Significant work needs to be done to put the informa-
tion developed under this action area into the hands

of policymakers, key stakeholders, and the general
public. Although simple dissemination of the results of
research, development, and other activities undertaken
in implementing this strategy is critical to ensuring
industry-wide impact, it is not enough. Investment is
needed to translate the technical work and other action
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areas of this strategy into relevant and actionable
information for policymakers and stakeholders, so that
they can make educated decisions about offshore wind
energy development.

Notes

17. Alaska’s vast offshore wind resource is not yet counted, but as a
result of its extensive coastline and enormous wind-driven wave
climate, it will likely have the largest gross resource capacity of any
state [58-60].

18. In January 2002, the Federal Government of Germany constructed
three research platforms (FINOT, FINO2, and FINO3) in the North
Sea and the Baltic Sea, on three potentially suitable sites in the
immediate vicinity of major offshore wind farms that were at the
planning and application stage.

19. Visit http./energy.gov/eere/wind/downloads/wind-forecast-
improvement-project-wfip-publicprivate-partnership-
improving-short for more information.

20. In German: Forschungsplattformen in Nord und Ostsee (FINO),
translates to “Research Platforms in the North and Baltic Seas.”
See http.//www.fino-offshore.de/en/.

21. See http.//energy.gov/eere/wind/atmosphere-electrons.
22. See www.boem.gov and www.bsee.gov.

23. The cost reduction model considers investments made to tech-
nology innovation to reduce cost over time, including, but not
limited to, wind turbine drivetrains, rotors, and control systems;
balance of system (substructure, tower); electrical infrastructure;
construction; decommissioning; and innovative solutions for
operation and maintenance. These cost reduction scenarios were
modeled by adapting European cost models from KIC InnoEnergy
and BVG Consulting 121, and represent the average physical
conditions of the current U.S. offshore wind lease areas. To address
U.S.-specific market needs, the cost reduction model was modified
to include electrical infrastructure and floating wind turbines. For
more information, see [24].

24. Such standards should include methods to estimate fatigue life of
mooring systems for floating offshore wind turbines, submarine
power transmission cables, electric service platforms, and geotech-
nical design methods for determining long-term response for
the cyclical loading of wind turbine substructures, and design of
turbine towers and substructures to withstand high load factors of
hurricanes.

25. http./www.boem.gov/Inspection-Safety/
26. https.//www.congress.gov/bill/114th-congress/house-bill/22/text

27. Fixing America’s Surface Transportation Act (P.L. 114-94) Section
41003.

28. Examples include the migratory pathways of seabirds, the effect
of electromagnetic fields, and the impact of chemical spills.

29. This includes biological, geophysical, geological, hazard, and
archaeological survey data.

30. “Fates and effects” refer to studies of the environmental
conseqguences associated with human activities (e.g., the effects
of electromagnetic fields on marine life).

31. See http.//energy.gov/eere/wind/windexchange.
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4.0 Federal Offshore Wind Strategy

Building on past efforts and seeking opportunities to
address any remaining gaps in each of the seven action
areas described in Chapter 3 will help the United States
responsibly develop a robust and sustainable offshore
wind industry. To make progress toward this vision,

DOE and DOI have implemented a set of initiatives and
collaborated, where possible and appropriate, across the
three strategic themes and their seven corresponding
action areas. Chapter 3 identified the current baseline
and gaps in each of those action areas. This chapter
outlines the federal offshore wind strategy, including the
specific steps DOE and DOI plan to take to fulfill their
respective objectives:

* DOE aims to reduce the levelized cost of energy
through technological advancement to compete with
local hurdle rates, and create the conditions necessary

to achieve Wind Vision-level deployment through
market-barrier-reduction activities.

* DOl aims to enhance its regulatory program to ensure
that oversight processes are well-informed and
adaptable, avoid unnecessary burdens, and provide
transparency and certainty for the regulated commu-
nity and stakeholders.

Communication and collaboration with stakeholders

will be essential to the success of this strategy. DOE and
DOI will disseminate the results and deliverables of the
action areas discussed here through multiple channels
and across a variety of audiences, and will work with
stakeholders to ensure maximum impact and check
progress against these objectives at multiple points over
the next 5 years.

4] Strategic Theme 1: Reducing Costs and

Technology Risks

Improvements in offshore wind site characterization
and technology advancement can drive significant

cost and risk reduction in offshore wind technology. To
accomplish this, DOE and DOI intend to collaborate to
help establish metocean data collection guidelines (e.g.,
wind, wave, water current, and tidal condition measure-
ments) that increase the comparability and usefulness
of data for wind project design and inform DOI’s review
of data submitted by lessees. DOE can invest in R&D

to advance offshore wind technology and adapt it to
unigue U.S. conditions. Such investments can increase
AEP and reduce offshore wind capital costs, O&M costs,
and the cost of financing offshore wind projects.

Action Area 1.1: Offshore Wind
Power Resource and Site
Characterization

Geological and metocean conditions in the United
States differ from those in the established European
market. To reduce the risk and uncertainty of deploy-
ment along the Atlantic Ocean, Pacific Ocean, Gulf
OCS, or the Great Lakes, the full range of geological
and metocean conditions in these regions must be well
characterized. To accomplish this, DOE and DOI will
work jointly to establish acceptable methodologies for
gathering metocean data standards and guidance. DOE
can further invest in extensive data gathering, as well as
ensure effective dissemination of those data.
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Table 4.1. DOE and DOI Actions to Address Offshore Wind Power Resources and Site Characterization

Impact

Standardized data collection and quality
that minimizes uncertainty in operating
and extreme conditions, increases safety,
and reduces costs for developers

Increased certainty in site conditions,
better understanding of lease value, and
improved design, leading to increased
safety and lower costs for developers

Lead Deliverable
Agency
1.1.1. Support Site Joint Metocean
Characterization DOE and characterization
Data Collection DOI methodology and data
Guidance collection guidance
specific to offshore wind
1.1.2. Gather and DOE Increased geographic
Disseminate U.S. and temporal coverage
Metocean and of U.S. offshore
Geological Data metocean and
geological data
1.1.3. Validate DOE Validated low-cost

Innovative Site
Characterization
Methods

Action 1.1.1: Support Site
Characterization Data
Collection Guidance

No standards exist for metocean data collection for
offshore wind site characterization. DOl and DOE will
facilitate the development of these standards and associ-
ated modeling tools by assembling national and interna-
tional experts to create guidance for U.S. offshore wind
developers. Developing guidelines for metocean data
gathering would significantly reduce project design risk
and uncertainty, increase reliability in offshore renewable
energy projects, reduce capital costs, and ensure human
safety and the protection of the natural environment on
the OCS.

Action 1.1.2: Gather and Disseminate
U.S. Metocean and Geological Data

Having a thorough understanding of the meteorological,
oceanographic, and geologic data related to a specific
offshore project site is essential for proper design,
permitting, and O&M. As a result, there is significant
value in continuing and expanding ongoing work by
DOE in resource assessment and site characterization

for both operating and extreme conditions in BOEM
WEAs, as well as more broadly across U.S. waters. Early
characterization of site conditions in WEAs would help
better establish the value of a particular lease area up for

metocean data
collection technologies

Less cost and time required for metocean
site characterization, increased certainty
in AEP forecasts, and reduced financing
costs for developers

auction, reduce design uncertainties and development
costs, and improve preconstruction power production
forecasts. Ultimately, such efforts could improve the
return for taxpayers on leased sites as well as reduce
capital costs for offshore wind developers. DOE will
explore the use of a common portal to disseminate
these data and ensure they are accessible to developers,
financiers, insurers, and regulators.

Action 1.1.3: Validate Innovative
Site Characterization Methods

Innovative site characterization technologies that are less
capital-intensive than fixed meteorological towers could
make gathering metocean data easier and less expensive.
Among the most promising technologies are lidar buoys.
Validating this technology could yield data acquisition
that is more rapid, efficient, and accurate, as well as
provide the data needed to design, permit, and finance
offshore wind energy plants in the United States. DOE

is positioned as a credible third party to conduct this vali-
dation, and will collaborate with European government
facilities if needed. Once gathered, the value of these
data could be increased significantly by collecting them
in a repository or portal that is easily accessible to the
community. Accessing the data through a single location
could allow investors, developers, engineers, regulators,
and other key stakeholders to identify trends that could
be leveraged for the advancement of the industry.
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drive significant cost reductions globally. In order for
these advancements to benefit the domestic market,
however, they must address the unique requirements

of U.S. sites, including deep water; extreme conditions,
such as hurricanes; and weak and unconsolidated
seabed soils. Targeted investment by DOE in the follow-
ing areas can help level the cost of offshore wind energy
to parity with other forms of generation by 2030 in
several regions of the United States.

Action Area 1.2: Offshore Wind
Plant Technology Advancement

Technology advancement has the potential to enhance
safety and reduce costs of offshore wind energy in a
variety of ways. The informed design and operation of
wind plants in accordance with accepted standards and
regulations will minimize risks to personnel and assets,
whereas technology advancements targeted at the
major cost drivers of offshore wind energy LCOE will

Table 4.2. DOE and DOI Actions to Address Offshore Wind Plant Technology Advancement

Action

1.2.1. Demonstrate

Lead Deliverable
Agency

Full-scale offshore wind

Impact

Reduced perception of risk,

Advanced technology demonstrations; including data to provide a
Offshore Wind comprehensive performance, baseline for the U.S. offshore wind
Technology metocean, and other data sets community to develop lessons
learned and hone in on areas with
the largest opportunities for cost
reduction
1.2.2. Advance DOE Integrated, U.S.-specific Improved industry collaboration and
Partnerships offshore wind technology knowledge transfer; reduced risks
to Address advances; thriving joint and costs associated with weak
Unique U.S. industry projects soils, deeper waters, hurricanes, and
Offshore other U.S.-specific challenges
Challenges
1.2.3. Improve DOE Turbines and turbine Reduced onsite O&M, less risk
Reliability of subsystems designed and to personnel and assets, and
Offshore Wind tested for higher reliability ultimately, increased availability,
Systems using proven methods, such as AEP, and reduced OpEx
prognostic health monitoring
1.2.4. Develop DOE Structural design standards Optimized designs; reduced project
Offshore Wind specific to offshore wind for capital costs, technology risk, and
Energy Design U.S. conditions, particularly financing and insurance costs
Standards floating substructures and

structures in hurricane-prone
areas
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Action 1.2.1: Demonstrate Advanced
Offshore Wind Technology

The Advanced Technology Demonstration Projects are
currently a major focus of DOE’s efforts in offshore
wind and represent an opportunity to validate novel
technologies that have significant potential to reduce
the cost of energy both in the United States and
globally. These projects, which are scheduled to be
installed by 2020, will have exercised federal and state
regulatory processes and the U.S. supply chain, setting
a potential baseline for future offshore wind deploy-
ments. Once the projects are operational, DOE requires
that each project collect a significant amount of data
over the first 5 years of operations, including turbine,
structure, and integrated wind plant system engineer-
ing, performance, environmental monitoring, opera-
tions, and cost data to validate the design and opera-
tion in a field environment. These data will be used to
validate and de-risk the innovative technology—novel
substructures, wind plant controls, O&M strategies, and
so on—and its performance, confirming that implemen-
tation of these technologies on a commercial scale will
lead to cost reductions. As these projects will be some
of the first offshore wind projects installed in the United
States, the lessons learned during project development,
fabrication, construction, and operations will be docu-
mented and disseminated to benefit the broader U.S.
offshore wind community.

The demonstration projects can also provide value in
validating advanced design tools. Advanced design
tools allow for researchers and engineers to accelerate
innovative concepts from an idea to commercial-scale
deployment. DOE intends to use the data collected

by the Offshore Wind Advanced Technology Demon-
stration Projects to support model validation efforts,
de-risking the tools and developing confidence in the
models. This confidence reduces design uncertainty and
margins, allowing for additional creativity and innova-
tion that can lead to significant reductions in offshore
wind costs.

Action 1.2.2: Advance
Partnerships to Address Unique
U.S. Offshore Challenges

DOE will encourage collaboration among the offshore
wind community, leveraging interdisciplinary, inter-
sector cooperation to rapidly advance U.S. offshore
wind energy. A consortium that crosscuts the domestic
offshore wind community operating under a joint
industry project could potentially jumpstart the nation’s

industry through the systems approach to addressing
the key U.S.-specific technological challenges. Such a
consortium would leverage previous DOE and global
industry investments, including the Carbon Trust’s Off-
shore Wind Accelerator, DOE’s Atmosphere to Electrons
initiative, and DOE’s Offshore Wind Advanced Tech-
nology Demonstration Projects. Integrated technology
advancement could focus on interdependent technical
areas, including advanced substructure technology,
installation technology, O&M technology, development
of design standards, and wake interaction technology.
The consortium would oversee a portfolio of R&D proj-
ects to best address these interdependent challenges
and use the experience gained to develop, de-risk, and
commercially implement the most promising advance-
ments on an accelerated timeframe.

Action 1.2.3: Improve Reliability
of Offshore Wind Systems

Because of the harsh environments in which offshore
wind facilities are located, the ability to perform both
scheduled and unscheduled maintenance is a major
challenge. As a result, availability for offshore wind
plants is lower than for land-based facilities, and O&M
costs can make up 20% of total LCOE for offshore wind
facilities. An unplanned failure of a major component,
such as a gearbox in an offshore wind turbine, can
involve mobilizing an expensive heavy lift vessel (the
same kind used for turbine installation) and necessitate
waiting months for a safe weather window in which to
conduct marine operations. To improve this situation,
DOE intends to invest in technology development to
reduce the cost and frequency of such unscheduled
visits, leverage unscheduled maintenance for sched-
uled maintenance, and expand the conditions in which
facilities can be safely accessed. Developing prog-
nostic health monitoring and management of major
components, for example, could allow operators to
identify early signs of failure in a component and run
the affected turbine at a reduced intensity to lengthen
its life until the next scheduled maintenance window.
These investments will increase availability and AEP, and
significantly reduce O&M costs.

Action 1.2.4: Develop Offshore
Wind Energy Design Standards

DOE, with support from DOI, will continue to work
toward the development of structural design standards
for the U.S. offshore wind industry, which provide
certainty to regulators, developers, and the financial
community regarding the quality and safety of turbine



4.0 FEDERAL OFFSHORE WIND STRATEGY | 4.1 Strategic Theme 1: Reducing Costs and Technology Risks

and substructure designs. Standards that specifically
address the unique conditions of the United States, such
as floating technologies and areas prone to hurricanes,
will allow for optimized designs, which reduce costs

for developers while increasing certainty for financiers
and insurers, thus lowering the costs of financing. One
potential result of this action would be an updated ver-
sion of the AWEA Large Turbine Compliance Guidelines:
AWEA Offshore Compliance Recommended Practices
(2012); Recommended Practices for Design, Deployment,
and Operation of Offshore Wind Turbines in the United
States document adopted as a full design standard [921.
A workshop on structural modeling issues that was held
in April 2016, by BOEM and NREL helped kick off this
effort by soliciting feedback from industry on how the
standards need to be developed. Additional workshops
will be considered on a 1- or 2-year interval to continue
sharing ideas with industry.

Action Area 1.3: Installation,
Operation and Maintenance,
and Supply Chain Solutions

The development of a U.S. supply chain dedicated to
offshore wind development is inhibited by an insuffi-
cient pipeline of projects. The current U.S. offshore wind
supply chain is dispersed, relying on adapted fabrication
facilities in the Gulf of Mexico and international assets.
Larger turbine technologies can result in reduced capital
costs, increased production, and reduced OpEx, but
also create unique installation challenges requiring
purpose-built vessels. O&M infrastructure, especially on
the West Coast, is limited in breadth and lacks opera-
tional experience. DOE can address some of these issues
through the following actions.

Table 4.3. DOE and DOI Actions to Address Installation, Operation and Maintenance, and Supply Chain Solutions

Deliverable

Impact

1.3.1. Support a DOE Open-source database of
Regularly information detailing U.S.
Updated U.S. supply chain assets, such as
Supply Chain manufacturing capabilities,
Inventory vessels, and ports

1.3.2. Evaluate DOE Assessment of the
Supply Chain current U.S. supply chain

Bottlenecks,
Costs, Risks,
and Future

Scenarios development

Action 1.3.1: Support a
Regularly Updated U.S.
Supply Chain Inventory

DOE has previously supported research that establishes
a supply chain baseline in manufacturing 563, vessels
1721, and ports 701. This past research can be leveraged
and regularly updated to establish a baseline and
capture the dynamic nature of the U.S. supply chain.

To continue keeping the data relevant, the data could
be put into an open-source tool that would not only
catalogue the U.S. supply chain, but allow suppliers and

shortcoming and the impact
on offshore wind costs
with future supply chain

Enhanced understanding of the
supply chain baseline and the ability
to conduct multifaceted analysis of
the existing capabilities and gaps to
increase domestic supply

|dentification of supply chain
investment opportunities and
quantification of the supply chain
infrastructure required to achieve the
Wind Vision development scenarios
and increase the domestic supply of
offshore wind components and labor

offshore industry members to input capabilities data.
The tool would need to be maintained and expanded as
industry entities use it and the offshore wind industry
grows in the United States. It could be organized by
industry sector—manufacturing, vessels, ports, and so
on—and leveraged to enable supplementary supply
chain analysis. For example, DOE could sponsor a
database of Jones-Act-compliant vessels in the United
States that could support offshore wind installation,
including technical specifications and capabilities. Using
this database, further analysis could be performed to
document how modifications and retrofitting could
enable the vessels to support offshore wind installation

51



4.0 FEDERAL OFFSHORE WIND STRATEGY | 4.2 Strategic Theme 2: Supporting Effective Stewardship

activities. With access to a ports and manufacturing
database, the installation vessel analysis could also be
extended to identify shipyards that have the ability to
modify existing vessels or construct new offshore wind
installation vessels.

Action 1.3.2: Evaluate Supply
Chain Bottlenecks, Costs, Risks,
and Future Scenarios

To support offshore wind development in the short and
long term, supply chain bottlenecks should be evaluated
and assessed. In the short term, vessels that are used
to install and maintain turbines are critical. Research

to understand the added cost and risk of using current
Jones-Act-compliant alternatives, such as European
TIVs and U.S.-flagged feeder vessels, or using U.S.-
based assets in creative ways, can help determine the
business case for a U.S.-flagged TIV. DOE could also
convene stakeholders and federal agencies such as the
U.S. Department of Transportation’s Maritime Adminis-
tration to discuss mechanisms that could be leveraged

to improve the business case for U.S.-flagged TIVs.
Additionally, this work could help identify creative and
effective solutions in installation sequencing.

Evaluation of the supply chain bottlenecks that inhibit
significant long-term deployment is also important.
DOE could sponsor research that evaluates the annual
offshore wind deployment that is required to meet the
Wind Vision scenarios from the present day to 2050,
and distinguish the supply chain limits as well as where
additional investment is needed. These studies could
consider critical production volumes of particular
components necessary to facilitate investment or LCOE
reductions, the impact of various installation and O&M
strategies on local content and cost, and ways to lever-
age the land-based wind supply chain. Research could
also explore the benefits associated with more revolu-
tionary installation solutions, such as semisubmersible
floating platforms and self-erecting or “float-and-flip”
turbines, that eliminate the need for specialized infra-
structure by enabling offshore installation by traditional
tugs and other readily available, general-purpose vessels.

4.7 Strategic Theme 2: Supporting Effective

Stewardship

Stakeholders suggest that DOI optimize the regulatory
process to increase certainty for offshore wind devel-
opers and stakeholders while continuing to provide
effective stewardship of the OCS. To further promote
good stewardship of U.S. waters in the context of
offshore wind development, DOE and DOI have also
acquired significant knowledge concerning the poten-
tial impacts of offshore wind development on biolog-
ical resources and human communities over the past

5 years. Investment in research over the next 5 years
regarding the first generation of offshore wind projects
can validate that understanding and help focus regula-
tory efforts on the most important environmental and
human-use impacts.

Action Area 2.1: Ensuring Efficiency,
Consistency, and Clarity in the

Regulatory Process

DOI helps facilitate safe, efficient, and environmentally
responsible offshore wind development by continuing
to improve consistency and clarity in the regulatory

process. To advance this objective and provide more
certainty to developers as they progress through

the planning, siting, and plan review phases of their
projects, DOI will take a number of actions, including
reevaluating its SAP requirement and Intergovernmental
Task Force structure, considering alternative approaches
to performing its COP review and attendant NEPA
analyses, and collaborating with relevant agencies to
standardize and synchronize review processes where
feasible. Many of these actions address postlease issues,
reflecting the fact that BOEM has progressed from the
planning and leasing stage to the plan-review stage for
many of its offshore areas.

For a number of initiatives, DOI has been able to
identify and provide reasonable timeframes for critical
decision-making milestones. Other initiatives will require
additional analysis prior to DOI developing a timeline
for completion. However, DOl will undertake all of

the following actions during the 5-year scope of this
strategy and commit to informing stakeholders about its
progress towards completion.
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Table 4.4. DOI Actions to Ensure Efficiency, Consistency, and Clarity in the Regulatory Process

Action Lead Deliverable Impact
Agency

2.1.1. Reassess, and
Potentially
Modify, the SAP
Requirements for
Meteorological
Buoys

2.1.2. Increase Certainty DOI
in Plan-Review
Processes

2.1.3. Evaluate a “Design DOI
Envelope” Approach
for Construction
and Operations
Plan Environmental
Impact Statements

2.1.4. Revisit the DOI
Structure of
Intergovernmental
Task Forces

2.1.5. Enhance DOI
Interagency
Coordination
Around Offshore
Wind Development

2.1.6. Provide a DOI
Regulatory
Roadmap

2.1.7. Consider Modifying DOI
Decommissioning
Financial Assurance
Requirement

In early 2017, communicate
decision on path forward for
initiation of potential regulatory
changes and/or implementation
of process changes for reviewing
proposals to install meteorological
buoys during the site assessment
terms of commercial leases

Decision on one or more plan-
review process improvements,
and external communication of
decision

By July 1, 2017, decision on

the implementation of “design
envelope” approach; if adopted,
revised COP guidelines and
potential workshop

Document describing Task Force
evaluation and path forward for
BOEM'’s Task Force utilization

Structured and recurrent federal
interagency coordination on
offshore wind projects; if adopted,
implementation of one or more
options considered to standardize
agency offshore wind project
review processes

By July 1, 2017, publish regulatory
roadmap on BOEM’s website that
provides requirements associated
with OCS offshore wind projects

Decision on whether to allow
developers to phase in required
decommissioning financial
assurance; if adopted, publication
of proposed regulatory changes
in the Federal Register

Less costly and more
efficient meteorological

buoy deployment to inform
commercial wind proposals in
offshore wind lease areas

Greater certainty in timing and
requirements for lessees during
the plan-review process and
reduced costs associated with
unanticipated delays

Greater flexibility for lessees
to make final design decisions
later in the process and take
advantage of emerging
technological improvements

Efficient intergovernmental
coordination that considers
input from any and all
potentially affected states

Increased governmental
coordination of offshore wind
projects and improved project
review processes

Clarification of steps and
approvals necessary to develop
an OCS wind facility, increased
understanding, and regulatory
certainty for developers and
stakeholders

Reduced up-front financial
burdens on lessees, if change
adopted



54 4.0 FEDERAL OFFSHORE WIND STRATEGY | 4.2 Strategic Theme 2: Supporting Effective Stewardship

Action Lead Deliverable Impact
Agency

2.1.8. Develop U.S. Health, safety, and environmental Greater certainty and guidance
Offshore Wind management guidelines for for developers for safe
Energy Safety offshore wind construction, construction, installation, and
Guidelines installation, and operations operations activities
activities
2.1.9. Assess Path DOI Stakeholder meetings in Shared vision and coordination
Forward for summer or fall of 2017 to gather on the next round of planning
Potential Next input on the next round of and leasing, greater certainty
Round of Atlantic Atlantic planning and leasing; for industry, and opportunity
Planning and subsequently, decision on path for specific feedback from
Leasing forward for potential future stakeholder community
Atlantic planning and leasing resulting in more informed

decision-making

2.1.10. Continue DOI Meetings and conversations with Facilitate sharing of best
Work Towards other offshore wind regulators, in practices, which could lead to
Establishment an effort to establish an offshore the adoption of more efficient
of International wind regulators forum regulatory models
Offshore Wind

Regulators Forum

2.1.11. Convene an DOI In 2017, convene inaugural Ensure transparent and
Offshore Wind meeting of the Offshore Wind productive dialogue about the
Stakeholders Group Stakeholders Group; determine challenges and opportunities in

appropriate meeting frequency the regulatory realm

and hold said meetings

ACtiOﬂ 2‘| 1 Reassess, and Potentially would be appropriate to lessen any requirements, then

. . it will implement the change(s) through the appropri-
MOdIfy’ the SAP Reqwrement ate process and update its Guidelines for Information

for Meteorological Buoys Requirements for a Renewable Energy Site Assessment
Plan (SAP) 931, as necessary. This could result in less
costly and more efficient meteorological buoy deploy-
ment to inform commercial wind proposals in offshore
wind lease areas.

Stakeholders have expressed concern that BOEM’s
requirement to submit a SAP and associated data to
support installation of a meteorological buoy in a spe-
cific lease area is unnecessarily onerous given the scale
of these facilities. In response to these comments, BOEM . .
will re-evaluate its current regulatory requirements and Action 212 Increase Certamty

its SAP review procedures, and subsequently determine in Plan Review Processes
the appropriate path forward on this issue in early 2017.

BOEM may, at that time, decide to initiate the rulemak-
ing process to consider eliminating or minimizing some
or all of the applicable regulatory requirements for
SAPs that propose installation and operation of mete-
orological buoys. Alternatively, at that time, BOEM may
decide to retain the current regulatory requirements,
but identify and implement process changes to lessen
the burden on developers. If BOEM determines that it

Stakeholder feedback suggests that BOEM’s plan review
process needs to be more transparent, predictable,

and expeditious to reduce scheduling uncertainty and
financial risk. As a result, BOEM will consider different
approaches to improve and streamline this process.
Approaches that BOEM will consider include: 1) setting
timelines for BOEM’s NEPA review process pursuant to
40 CFR 1501.8; 2) establishing informal agreements with
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lessees (e.g., developing memoranda of agreements on
a project-by-project basis that include timelines for crit-
ical milestones); and 3) providing a target review period
for plans once they are determined to be complete and
sufficient (e.g., establish a target review period of 18
months for complete and sufficient COPs). In addition
to complying with the requirements associated with
FAST-41, BOEM will implement one or more methods to
improve its plan review process and communicate that
decision to the offshore wind stakeholder community.
This effort will provide lessees with greater certainty as
they move forward with their project proposals.

Action 2.1.3: Evaluate a

“Design Envelope” Approach for
Construction and Operations Plan
Environmental Impact Statements

Industry suggests that it may not be effective for BOEM
to require lessees to provide certain project details when
submitting COPs, as developers may not be prepared
to confirm those project design elements at that stage.
In an effort to address this concern, BOEM will investi-
gate the “design envelope” concept for conducting an
Environmental Impact Statement to support its COP
decision-making. This investigation will include, but not
be limited to, discussions with its European regulatory
counterparts, for whom this practice is more common-
place. This approach would allow a lessee to describe
its project within a range of agreed-to parameters, and
would permit BOEM to analyze the range of impacts
associated with those parameters. BOEM will com-
municate its decision regarding the use of the design
envelope approach by July 1, 2017. If BOEM adopts

this concept, it will revise its Guidelines for Information
Requirements for a Renewable Energy Construction
and Operations Plan (COP) [94], as necessary, and may
hold a workshop to explain the implementation of this
approach for lessees and other stakeholders. If imple-
mented, this methodology would provide lessees with
the flexibility to defer certain project design decisions
until after a COP is approved as well as take advantage
of technological improvements that occur during the
course of project development.

Action 2.1.4: Revisit the Structure
of Intergovernmental Task Forces

In acknowledgement of comments received in response
to the RFF, BOEM will re-evaluate its current approach
to establishing its Intergovernmental Task Forces to
ensure effective coordination with all interested and

potentially affected states throughout BOEM’s planning,
leasing, and plan review processes. After completing its
evaluation, BOEM will provide a document on its web-
site that describes the outcome of this evaluation and
its path forward. BOEM may continue to carry out the
current process of setting up Task Forces on a state-by-
state basis, or may implement a different methodology
that it believes will be more effective. Either way, BOEM
will ensure that all potentially affected states are con-
sulted about offshore wind activities off their coasts in a
manner that avoids potential delays to BOEM’s planning
and leasing processes.

Action 2.1.5: Enhance
Interagency Coordination Around
Offshore Wind Development

BOEM is not the only federal agency with a role in per-
mitting offshore wind farms. Rather, there is a complex
regulatory roadmap that each developer must traverse.
The efforts under Action 2.1.6 will provide greater clarity
to elucidating that path, but hurdles will still remain.
Specifically, industry has highlighted the importance of
governmental coordination given the multitude of agen-
cies with a role in offshore wind permitting. BOEM will
evaluate options to standardize and synchronize review
processes across agencies, and will research successful
examples implemented by other federal agencies, as
well as its European counterparts. As a component of
this effort, BOEM is leading the Offshore Wind Per-
mitting Subgroup under the White House Interagency
Working Group on Offshore Wind to identify ways to
streamline and improve interagency coordination asso-
ciated with the SAP review process. Lessons learned
may be incorporated into the review processes for other
plans. Given the multitude of agencies with a role in
permitting offshore wind projects, efficient and effective
governmental coordination will be critical to avoiding
detrimental and costly delays in the permitting process.

Action 2.1.6: Provide a
Reqgulatory Roadmap

Given the number of governmental permits and autho-
rizations required for the realization of an offshore wind
project, BOEM will develop a regulatory roadmap that
outlines the requirements of BOEM and other agencies
that industry must follow when developing offshore
wind projects. BOEM will coordinate with other federal
agencies to ensure that the document is thorough and
informed, and make it available to the developers and
the public via its website and other appropriate means
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by July 1, 2017. Such a roadmap will help the regulated
community by clarifying the steps and approvals neces-
sary to develop an OCS wind facility.

Action 2.1.7: Consider Modifying
Decommissioning Financial
Assurance Requirements

In response to the RFF, industry professionals described
the potential difficulties associated with providing
decommissioning financial assurance prior to receiving
project income. BOEM will consider modifying its reg-
ulations to allow developers to phase in their required
decommissioning financial assurance. BOEM will need
to weigh the potential benefits of doing so against the
financial risk that the government may incur as a result.
|f BOEM determines that modifying its regulations to
accommodate this approach would be appropriate,

the resulting regulatory amendment may alleviate a
substantial financial burden that developers face prior to
receiving operating income from their projects.

Action 2.1.8: Develop U.S. Offshore
Wind Energy Safety Guidelines

DOI will develop health, safety, and environmental
management guidelines for offshore wind construction
and operation activities. These guidelines will combine
applicable information from the U.S. offshore oil and
gas sector, as well as lessons learned and best man-
agement practices from the international experience
with offshore wind to help ensure that construction and
operation activities are conducted in a safe and environ-
mentally sound manner.

Action 2.1.9: Assess Path Forward
for Potential Next Round of Atlantic
Planning and Leasing

BOEM has received informal inquiries from stakeholders
relating to the next steps for planning and leasing in
the North and Mid-Atlantic regions, and a number of
RFF comments recommended steps that BOEM could
take to better inform its planning and leasing processes
moving forward. In order to help BOEM determine the
appropriate time for an additional round of planning and
leasing offshore all or certain Atlantic states, and ensure
that any such efforts are as informed as possible, BOEM
will convene public meetings to gather stakeholder
input on this issue in the summer or fall of 2017. After
determining the appropriate path forward and the
timing of next steps, BOEM will communicate that

decision to the offshore wind stakeholder community
via its website and any other appropriate means. This
decision-making process will help to provide certainty to
industry about BOEM’s longer-term plans for facilitating
Atlantic offshore wind development, and will help
ensure that BOEM implements lessons learned from its
first tranche of Atlantic planning and leasing.

Action 2.1.10: Continue Work
Towards Establishment of
International Offshore Wind
Regulators Forum

One consistent area of informal feedback has been the
importance of interfacing with regulators from other
countries to learn best practices. As discussed at the
White House Summit on Offshore Wind in September
2015, DOI has begun discussions with offshore wind
regulators in various European countries about the best
ways for the United States to learn from their expe-
riences. BOEM recently executed a memorandum of
understanding with the Embassy of Denmark to share
knowledge, data, best practices, and capitalize on their
decades of experience in offshore wind development.
In this vein, DOI aims to establish a multilateral group
to discuss ways to responsibly facilitate offshore wind
development in the United States and around the globe.
The group will present a unique opportunity for sharing
lessons learned, discussing regulatory approaches and
best practices, and exchanging scientific and environ-
mental information.

Action 2.1.11: Convene an Offshore
Wind Stakeholders Group

As referenced above, DOI’s practices are and will
continue to be informed by the experiences of countries
that have spent years regulating offshore wind farms.
For example, several of those countries, including

the United Kingdom, have created opportunities for
high-level conversations between government officials
and industry leaders. In an effort to encourage and
continue open dialogue about the challenges of and
opportunities for offshore wind deployment in the
United States, DOI will convene, on a regular basis,
stakeholders to discuss regulatory and strategic issues
to ensure clear communication between industry, other
stakeholders, and regulators.
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Action Area 2.2: Managing
Key Environmental and

Human-Use Concerns

DOE and DOI can contribute to the successful coexis-
tence between offshore wind and other resources and
users through investment in science to understand the
impacts of development and identify how these impacts
might be appropriately mitigated. This science is the
foundation of DOI’s environmental review and regula-
tory process. Although significant research has already
been conducted on these subjects, the next 5 years
present an opportunity for DOE and DOI to conduct
research at first-generation offshore wind projects to
better understand how offshore wind affects biological
resources and human communities and uses.

Action 2.2.1: Collect

Environmental Impact Data

and Support Testing of Monitoring
and Mitigation Technologies at
First-Generation Projects

The near-term development of offshore wind facilities
in the United States provides an excellent opportunity
to reduce environmental uncertainty for future projects.
Research at DOE’s demonstration projects in addition
to other first- and second-generation offshore wind
developments will help reduce uncertainty regarding
the environmental impacts of offshore wind. Over the
next 5 years, DOE will partner with wind developers and
federal agencies to conduct research at first-generation
projects that will drive innovation in monitoring tech-
nologies and test the effectiveness of mitigation tools.
This action will include participation in BOEM’s RODEO
efforts to measure environmental stressors, such as
construction noise, as well as separate research efforts
to measure the biological response of organisms to
offshore wind energy.

Action 2.2.2: Synthesize
Environmental Impact Data and
Develop Predictive Models

To supplement the action to collect reliable data and
develop mitigation technologies, DOE will support
retrospective analyses of impact-producing factors
and environmental impacts from observations and
lessons learned using the demonstration projects as
case studies. After multiple projects have been devel-
oped, DOE will support meta-analyses of initial data

across projects, with an aim to identify environmental
risks that were previously of concern, but may be
retired due to lack of impacts and areas for additional
research. Using data from first-generation wind proj-
ects, DOE plans to support the development of risk
models that predict impacts, taking behavior, expo-
sure, and hazard into account. The intent of this work
is to replace monitoring with modeling, where feasible,
by creating and validating tools that allow developers
and regulators to accurately predict impacts and aid in
recommending appropriate mitigation.

Action 2.2.3: Evaluate and Support
Mitigation of Unique Impacts of
Offshore Wind on Coastal Radar
Systems and Other Federal Missions

DOE pursues approaches to mitigate wind turbine radar
interference under a memorandum of understanding
with the U.S. Department of Defense, Federal Aviation
Administration, NOAA, and the Federal Interagency
Wind Turbine Radar Interference Mitigation Strategy
developed by these agencies 951. Offshore wind may
pose unique impacts to coastal radar systems given

the differences in propagation of radar signals over the
ocean versus land. One mitigation approach will be to
improve modeling and simulation tools to aid in the
siting and evaluation of planned offshore wind facilities.
In doing so, the interagency team plans to integrate
various simulation parameters into their existing tools
that coincide with the offshore wind environment.

In addition, DOE plans to conduct studies to evaluate
the potential impacts of currently planned offshore
wind facilities on ground-based coastal air surveillance
radar to evaluate the vulnerability of these air surveil-
lance radars to offshore wind turbines. These studies
will further identify which mitigation measures that are
either existing or under development may be appropri-
ate to address those vulnerabilities. For example, the
interagency team is collaborating to develop concepts
to improve the wind turbine interference mitigation
capabilities of existing radars through signal-processing
software upgrades and minor hardware modifications.
DOE is partnering with the Massachusetts Institute of
Technology’s Lincoln Laboratory on a study that looks
at the feasibility of advanced signal-processing tech-
niques for existing National Airspace System radars, and
plans to apply these techniques to coastal radars where
possible. Where these initial efforts reveal a need for
mitigation specific to offshore wind development, DOE
will pursue further R&D with its interagency partners.
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Table 4.5. DOE and DOI Actions to Manage Key Environmental and Human-Use Concerns

Action

2.21.

2.2.2.

2.2.3.

2.2.4.

282258

Lead
Agency
Collect DOE
Environmental
Impact Data and
Support Testing
of Monitoring
and Mitigation
Technologies at
First-Generation
Projects
Synthesize DOE
Environmental

Impact Data and

Develop Predictive

Models

Evaluate and DOE
Support Mitigation

of Unique Impacts

of Offshore Wind

on Coastal Radar

Systems and Other

Federal Missions
Support Social DOE
Science to
Understand
the Drivers of
Opposition and
Acceptance of
Offshore Wind
Farms
Aggregate and DOE
Disseminate

Environmental

Impact

Information

Deliverable

Field data of the
environmental impacts from
offshore wind energy in U.S.
waters and field testing of
monitoring and mitigation
technologies

More accurate and informed
predictive models of
potential impacts from
offshore wind energy
installations on sensitive
species

Incorporation of offshore
wind-specific parameters to
improve radar modeling and
simulation tools and studies
of potential mitigation
options

Increased understanding of
the drivers of acceptance
and opposition of offshore
wind facilities

Greater dissemination of the
results of environmental and
human-use impact research

Impact

More informed understanding

of the relative impact of

offshore wind development in
the United States to increase
regulatory certainty and minimize
environmental compliance costs

Improved basis for
implementation of effective
and prudent monitoring and
mitigation measures, and a
decrease in environmental
impacts

Improved radar interference
modeling and simulation tools,
mitigation technologies, and
reduced conflict between wind
development and radar missions

|dentify and encourage
development practices that are
most likely to create acceptance
and support for offshore wind
projects

Improved understanding by
regulators and stakeholders of
highest priority issues; decreased
impact by offshore wind, reduced
uncertainty in monitoring and
mitigation measures, and shorter
and less-expensive project
deployment timelines
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Action Lead
Agency

Deliverable

Impact

2.2.6. Improve DOI
Communication of
BOEM’s Offshore
Wind Energy
Studies and
Research with All
Stakeholders

2.2.7. Provide Guidance DOI
to Clarify
Information
Needs and
Data Collection
Requirements

2.2.8. More DOI
Comprehensive Baseline

Data Collection to

Support Regional

Spatial Planning

Action 2.2.4: Support Social
Science to Understand the Drivers
of Opposition and Acceptance of

Offshore Wind Farms

Public acceptance of particular offshore wind facilities

Implementation of
appropriate outreach
measures to increase
stakeholder awareness

of the studies’ processes
and results, including
opportunities for industry
and other stakeholder input

Updated preconstruction
survey guidelines, where
necessary; postconstruction
guidelines developed with
input from industry, resource
and regulatory agencies,
and other stakeholders; and,
if appropriate, information
on how design parameters
(e.g., turbine height) relate
to environmental and
socioeconomic resource
impacts to inform future
COP submission

Updated marine wildlife

and habitat baseline data
(collected through BOEM’s
environmental studies
program) to support regional
marine planning, NEPA
processes, and predictive
modeling

Increased transparency of the
studies’ processes, greater
stakeholder accessibility

and usability of BOEM’s
environmental studies data, and a
more informed stakeholder base

Clearer resource agency data
collection requirements and
establishment of a feedback loop
for guideline development, so
that developers have certainty
when navigating the regulatory
and environmental compliance
processes

More comprehensive regional

baseline data to better inform

stakeholder knowledge as well
as planning and development

decisions

wind. DOE’s Lawrence Berkeley National Laboratory is

conducting the first national baseline assessment that
looks at these factors around the nation with respect
to land-based facilities. Under this action, DOE plans

to conduct similar studies for the first offshore projects
in development. For example, it will track community

responses to these projects longitudinally, from devel-

and development will be needed to support significant
deployment in the United States. A rich collection of
literature on the impacts of land-based wind facilities on
communities exists throughout the world and explores
the drivers of acceptance and opposition to develop-
ment in those communities; however, more needs to

be done both in the U.S. context as well as on offshore

opment through operations, to determine the factors
that make a project more or less acceptable to affected
communities, and begin to suggest development
practices that are most likely to create acceptance of
and support for offshore wind in locations around the
country.
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Action 2.2.5: Aggregate and
Disseminate Environmental
Impact Information

DOE plans to work with federal agencies, the offshore
wind industry, and other stakeholders to ensure that
environmental and wildlife market barrier research
results gathered throughout the world are aggregated,
synthesized, and shared so that regulators, industry
members, and other stakeholders have access to
information and analysis on the state of the current
scientific understanding. DOE aims to continue combin-
ing information gathering and sharing efforts, including
the continued support of the Tethys®? database, to
house information on environmental research and make
it easily accessible. DOE, in conjunction with DOI, will
also continue to support and commit leadership to the
international Working Together to Resolve Environ-
mental Effects of Wind Energy (WREN)*? initiative and
associated activities, including a webinar series, par-
ticipation in conferences, engagement with European
counterparts, and biannual state-of-the-science analy-
ses that present the current state of knowledge regard-
ing wind-wildlife monitoring techniques, impacts, and
mitigation strategies.

Action 2.2.6: Improve
Communication of BOEM’s Offshore
Wind Energy Studies and Research
with All Stakeholders

To better align BOEM efforts with project requirements
and other information needs of the offshore wind indus-
try, BOEM will create more productive opportunities for
input from all stakeholders, including industry, early in
the studies development process. Implementation of this
action includes restructuring BOEM’s outreach tools to
inform and update stakeholders on the status of ongo-
ing studies as well as the results of completed studies.
Specific outreach tools that BOEM will include, but are
not limited to, the following: incorporating relevant
studies information on applicable web pages (e.g.,
individual state activities pages); producing an annual
year-in-review report; conducting stakeholder webinars
to share the results of completed studies and the status
of ongoing studies; and holding in-person information
transfer meetings with stakeholders every 2 years. BOEM
will also collaborate with DOE on WREN to conduct
additional outreach activities.

Action 2.2.7: Provide Guidance to
Clarify Information Needs and Data
Collection Requirements

As early as 2013, BOEM began publishing guidance for
industry related to the collection of preconstruction or
baseline data. Now that the guidance has been in use
for a few years, BOEM will update it by incorporating
lessons learned, new technology, and recent research/
studies. In addition, BOEM will solicit industry input to
determine specific topics of interest for new guidance
documents (e.g., lighting requirements and assessing
visual impact concerns).

Providing guidance on postconstruction monitoring

will facilitate coordination between the offshore wind
industry and related stakeholders. Communicating the
data collection requirements of the federal resource and
regulatory agencies involved will provide greater trans-
parency and consistency in BOEM’s plan-approval pro-
cesses. Guideline development will focus on resources
and activities that enable consistency across projects,
as opposed to project- or site-specific requirements
that will need to be determined through project-specific
consultations.

BOEM will also conduct analyses to identify which
parameters related to design envelopes (as described

in Action Area 2.1: Ensuring Efficiency, Consistency, and
Clarity in the Regulatory Process) are pertinent to the
level of significance of resource impacts. This approach
will help to clarify the information requirements for COP
submission, with the overall goal of improving efficiency
in the environmental review process.

Action 2.2.8: More Comprehensive
Baseline Data Collection to Support
Regional Spatial Planning

The preparation of NEPA documents and consultations
under various regulations require information about the
environment that often extends beyond the footprint

of an offshore wind project. Through regional planning
efforts, significant amounts of data are now available
both through the compilation of existing data and the
gathering of new information. These data are shared
across federal, state, and tribal governments, and are
available to the public through regional data portals.
BOEM will help to ensure the best-available science is
used in decision-making through continued collection of
regional baseline data and updating of predictive models
for OCS wildlife. All data collection efforts will continue
to be shared and provided through existing data portals.



4.0 FEDERAL OFFSHORE WIND STRATEGY | 4.3 Strategic Theme 3: Increasing Understanding of the Benefits and Costs of Offshore Wind

4.3 Strategic Theme 3: Increasing Understanding
of the Benefits and Costs of Offshore Wind

To increase understanding of offshore wind and aid
policymakers and stakeholders in making decisions
about policies and projects, DOE can invest in rigorous
assessment of grid integration challenges associated
with offshore wind as well as quantify the electricity
system impacts, and social and environmental benefits
and costs of its development. DOl is committed to
re-evaluating its operating fee mechanism to improve
certainty for developers while continuing to ensure fair
return to the nation from offshore wind development
on the OCS. DOE can also support communication of
offshore wind costs and benefits to key audiences, to
enable more informed decision-making around offshore
wind policies and projects, increase policymaker and
public understanding and confidence of the potential
effects of offshore wind in the energy system, and help
improve the market outlook for offshore wind.

Action Area 3.1: Offshore
Wind Electricity Delivery

and Grid Integration

The interconnection and integration of offshore wind
energy bear significant similarities to land-based wind,
allowing the independent system operators, regional
transmission operators, utilities, regulators, state legisla-
tors, and other stakeholders to more readily incorporate
offshore wind energy into the energy mix. However, key
challenges and advantages specific to offshore wind
energy merit further study. These include examining the
benefits and impacts of integrating significant quantities
of offshore wind into congested load centers as well as
the effects of offshore wind-specific transmission and
other electrical infrastructure on the power system.

Table 4.6. DOE Actions to Address Offshore Wind Electricity Delivery and Grid Integration

Action

3.1.1. Analyze
Optimized
Offshore
Wind Grid
Architectures

3.1.2. Analyze State DOE Better understanding of the
and Regional impacts of interconnection
Offshore Wind and integration at the state
Integration and regional levels
Strategies

Action 3.1.1: Analyze Optimized
Offshore Wind Grid Architectures

Offshore wind projects under development all currently
propose individual radial connections to shore. Develop-
ing offshore transmission “backbones” and connection
points could enable offshore wind development by
reducing the costs of interconnection and alleviating
transmission congestion on land and in transmis-
sion-constrained coastal states. The use of high-voltage

Lead Deliverable
Agency

Better understanding of
optimal system architectures
for aggregation and delivery
of electricity from U.S.
offshore wind projects

Impact

Potential for reduced capital

costs associated with cabling

and increased potential buildout
associated with access to offshore
transmission infrastructure

Electricity system plans and policies
that effectively account for offshore
wind integration; increased utility
and policymaker confidence in the
ability to integrate offshore wind

direct-current transmission could also provide benefits.
For example, this type of transmission can be controlled
more easily than high-voltage alternating-current trans-
mission to reduce onshore congestion. New research to
evaluate the impacts of transmission expansion for off-
shore wind could include valuation of improved system
reliability, reduced transmission congestion, and related
operational effects, such as short-term reliability and
flexibility from high-voltage direct-current transmission
and offshore wind backbone infrastructure.
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Action 3.1.2: Analyze State
and Regional Offshore Wind
Integration Strategies

DOE plans to conduct studies to assess state and
regional interconnection and integration of offshore
wind energy that would build on work started in 2011.
These studies assist decision-makers, including indepen-
dent system operators and utilities, to evaluate grid inte-
gration aspects for future offshore wind development
scenarios and plan for the associated requirements
needed including transmission expansion, resource ade-
quacy, and other consequences for the power system.
Additional studies would allow these audiences to eval-
uate imminent infrastructure needs as well as guide new
private and public investments capable of lowering the
cost of offshore wind energy through optimal siting and

delivery. These studies may also become increasingly
important in the context of broader renewables integra-
tion by showing offshore wind’s ability to integrate with
other renewables, such as solar photovoltaics and land-
based wind, which present their own unique benefits
and challenges. Specific information provided in these
studies would also be instrumental in identifying the full
suite of electricity system benefits and costs associated
with offshore wind.

Action Area 3.2: Quantifying and
Communicating the Benefits and
Costs of Offshore Wind

As noted in Section 2.7, offshore wind offers a number
of economic, environmental, and social benefits that can
contribute to a long-term, low-carbon electricity future.

Table 4.7. DOE and DOI Actions to Quantify and Communicate the Benefits and Costs of Offshore Wind

Tools that evaluate site-specific

Impact

Better informed consideration

and state/regional GHGs and

economic benefits of offshore

Studies and tools quantifying
the impacts of offshore wind

including analysis on aspects
such as capacity value and site-

and stakeholder engagement
that put offshore wind costs,

right context for policymakers

Action Lead Deliverable
Agency
3.2.1. Quantify DOE
Offshore Wind
Social and other environmental and
Environmental
Benefits and wind
Costs
3.2.2. Quantify DOE
Offshore Wind
Electricity on electricity system costs,
Market Benefits
and Costs
specific LCOE information
3.2.3. Communicate DOE Communications products
the Benefits
and Costs of
Offshore Wind benefits, and impacts in the
and stakeholders
3.2.4. Reconsider DOI

Operating Fee
Structure to
Provide More
Certainty to
Developers
during PPA
Negotiations

Identification and evaluation
of alternative operating

fee structures for BOEM’s
consideration to implement,
through rulemaking

of offshore wind-specific
policies and projects and
increased policymaker, utility,
and stakeholder confidence in
offshore wind

Better informed consideration
of offshore wind-specific
policies and projects and
increased policymaker, utility,
and stakeholder confidence in
offshore wind

Improved decision-making
around offshore wind policies and
projects; increased policymaker,
utility, and stakeholder
confidence in offshore wind

Improved certainty around the
BOEM operating fee to inform
PPA negotiations, if adopted
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It also carries with it impacts and costs. As a result, DOE
can assist to rigorously quantify and effectively com-
municate these benefits and costs to support effective
decision-making on offshore wind and broader energy
policy issues, offshore wind PPAs, and in the project
siting and regulatory process, as well as build under-
standing and confidence in offshore wind technology
among key decision-makers to support its advance-
ment. DOI can reassess its operating fee mechanism to
give greater certainty to developers in PPA negotiations
while ensuring a fair return from offshore wind develop-
ment to the nation.

Action 3.2.1: Quantify Offshore
Wind Social and Environmental
Benefits and Costs

Offshore wind provides a number of environmental
and social benefits not explicitly valued in electricity
prices. These benefits include avoided emissions of
greenhouse gases and other air pollutants, with asso-
ciated environmental and health benefits, reductions in
electricity sector water use, and significant economic
development and employment impacts. DOE aims to
build off the Wind Vision and other work to rigorously
quantify these benefits for various deployment sce-
narios and ideally for a variety of relevant spatial and
temporal scales. DOE also plans to ensure that the tools
used to conduct such analyses are readily available
and easily usable (where possible) by the broader
offshore wind community to enable them to conduct
more tailored analysis of projects and policies. These
analyses and provision of the tools used to conduct
them will provide a baseline to educate stakeholders,
inform policymakers, and provide for more informed
evaluation and decision-making around offshore wind
and broader energy policy and supply questions.

Action 3.2.2: Quantify Offshore Wind
Electricity Market Benefits and Costs

Offshore wind has a number of electricity system bene-
fits and costs aside from direct LCOE effects that policy-
makers and utilities should consider in making decisions
about the future energy system. DOE plans to develop
information for coastal regions and states to provide
policymakers, utilities, and system operators with vital
data to inform policy and project-level decisions about
offshore wind. This includes the value of offshore wind’s
potential contribution to resource adequacy and system
reliability, as well as its capacity value. DOE also aims

to provide analysis and tools for analyzing the regional

energy system cost and price impacts of various off-
shore wind development scenarios to explore the value
of potential price suppression, transmission congestion
relief, and other system costs and benefits and how they
flow through to ratepayers.

A key component of these analyses will include extend-
ing DOE’s site-specific LCOE-LACE analysis, presented
in Section 2.6. This capability allows for consideration
of a wide range of variables, such as grid access points,
site-specific hourly wind resource profiles, bathymetry,
and turbine availability and array losses, and projected
future cost curves for offshore wind. These analyses
will enable policymakers, utilities, and ratepayers alike
to better evaluate offshore wind development at the
policy and project-specific levels in a more accurate
and sophisticated context that goes beyond LCOE or a
project’s power purchase price.

Action 3.2.3: Communicate the
Benefits and Costs of Offshore Wind

DOE will provide accurate, objective information about
the costs and benefits of offshore wind that can help
policymakers, stakeholders, and the public make
effective decisions about the technologies that are
right for their states and communities. These groups
often lack detailed knowledge of the social and envi-
ronmental costs and benefits of electricity generation.
As a result, decisions are sometimes made regarding
electricity supply without a clear understanding of the
actual impacts and benefits of the various options. At
the policy level, these decisions can have a significant
impact on the potential project pipeline. At the level

of individual projects, they can affect the siting and
permitting process and the ability to obtain a PPA and
financing. Even when there is little scientific information
demonstrating significant impacts, negative stake-
holder perceptions can ultimately lead to conflict and
project abandonment.

Quantification of these costs and benefits as discussed
earlier is necessary, but not enough to enable effective
decision-making. The results of these analyses also need
to be set into the proper context—putting local environ-
mental impacts alongside benefits like GHG emissions
reductions and job creation, and the costs and benefits
of offshore wind in the light of broader energy supply
choices—and translated into useful and actionable infor-
mation for key audiences. This information then needs
to be delivered in the right venues and media. DOE’s
WINDExchange program and wind Regional Resource
Centers provide a useful model for this kind of commu-
nication, in which DOE and its national laboratories can
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serve as sources for detailed analysis and collaborate
with regional and local partners to translate this infor-
mation into the right forms and present it at the right
forums to advance offshore wind development.

Action 3.2.4: Reconsider

Operating Fee Structure to

Provide More Certainty to
Developers during PPA Negotiations

BOEM has received suggestions to alter its existing
operating fee payment formula. Developers suggest that
certain adjustments to the calculation would enhance
price stability and reduce uncertainty in the high-cost
offshore operating environment. For example, rather
than BOEM estimating the wholesale market value of
projected electric power production using the current
wholesale power price, developers would prefer to use
the price of electricity set forth in a PPA (i.e., contract
price) or other legal contract.

Changes to current regulations would be required for
any operating fee payment proposal that does not use
a wholesale power price index (30 CFR 585.506). The
regulations allow for minor adjustments (i.e., to reflect
documented variations by state or within a region and
recent market conditions), but do not address contract
prices. BOEM acknowledges that its current operating
fee formula has limitations, and will begin a thorough
review of the operating fee payment and its individual
components. If BOEM determines that revising the
formula may be appropriate, then it will move forward
with considering implementing the change through the
rulemaking process.

Notes

32. Tethys is a knowledge management system that actively gathers,
organizes, and disseminates information on the environmental
effects of marine and wind energy development.

33. WREN was established by the International Energy Agency’s Wind
Committee in October 2012 to address environmental issues asso-
ciated with commercial development of land-based and offshore
wind energy projects. As the operating agent for WREN, the United
States leads this effort with support from the Pacific Northwest
National Laboratory, National Renewable Energy Laboratory, and
the U.S. Department of Energy’s Wind Energy Technologies Office.


http://tethys.pnnl.gov/about-wren

References

(1]

(2]

L]

(4]

(5]

(6]

(7]

(8]

(9]

“Electricity Data Browser - Net Generation for

All Sectors,” Energy Information Administration
(EIA), accessed April 15, 2016, http./www.eia.gov/
electricity/data/browser/.

U.S. Department of Energy (DOE). 2015. Wind
Vision: A New Era for Wind Power in the United
States. DOE/G0-102015-4557. DOE Office of
Energy Efficiency and Renewable Energy. Washing-
ton, D.C. (US). http.//www.energy.gov/sites/prod/
files/WindVision_Report_final.pdf.

“Business Energy Investment Tax Credit (ITC),”
DOE, accessed April 15, 2016, http./energy.gov/
savings/business-energy-investment-tax-credit-itc.

DOE. 2015. Revolution...Now. The Future

Arrives for Five Clean Energy Technologies -

2015 Update. DOE, Washington, D.C. (US).
http./www.energy.gov/sites/prod/files/2015/11/f27/
Revolution-Now-11132015.pdf.

Smith, A., T. Stehly, W. Musial. 2015. 2074-2015
Offshore Wind Technologies Market Report (Tech-
nical Report). NREL/TP-5000-64283. National
Renewable Energy Laboratory (NREL), Golden, CO
(US). http:/www.nrel.gov/docs/fy150sti/64283.pdf.

“U.S. Number One in the World in Wind

Energy Production,” American Wind Energy
Association (AWEA), accessed August 3, 2016,
http:;/www.awea.org/MediaCenter/pressrelease.
aspx?ltemNumber=8463.

Global Wind Energy Council. 2016. Global Wind
Statistics 2015. Brussels, Belgium. http./www.gwec.
net/wp-content/uploads/vin/GWEC-PRstats-2015_
LR _corrected.pdf.

DOE. 2011. A National Offshore Wind Strategy:
Creating an Offshore Wind Energy Industry in the
United States. DOE, Washington D.C. (US), and U.S.
Department of the Interior (DOI), Washington D.C.
(US). http.//energy.govy/sites/prod/files/2013/12/f5/
national_offshore_wind_strategy.pdf.

The Crown Estate. 2012. Offshore Wind Cost Reduc-
tion Pathways Study. The Crown Estate. London,
England (UK). http.//www.thecrownestate.co.uk/
media/5493/ei-offshore-wind-cost-reduction-
pathways-study.pdf.

[10]

]

[12]

[13]

[14]

[15]

[16]

071

REFERENCES

Hobohm, J., L. Krampe, F. Peter, A. Gerken, P.
Heinrich, M. Richter. 2013. Cost Reduction Potentials
of Offshore Wind Power in Germany. Prognos AG
and The Fichtner Group. Berlin, Germany.
http:/www.offshore-stiftung.com/60005/
Uploaded/SOW_Download%7CStudy _
LongVersion_CostReductionPotentialsofOffshore-
WindPowerinGermany.pdf.

TKI Wind Op Zee. 2013. “How Dutch innovations
support 40% cost price reduction.” http:/tki-win-
dopzee.eu/files/2014-09/General%20Presenta-
tion%20TKI%20Wind%200p%20Zee%20(3).pdf.

Valpy, B., P. English, A. Martinez, E. Simonot. 2014.
Future renewable energy costs: offshore wind.

BVG Associates, Cricklade, Swindon (UK), and

KIC InnoEnergy, the Netherlands. http./www.
kic-innoenergy.com/wp-content/uploads/2014/09/
KIC_IE_OffshoreWind_anticipated_innovations_
impactl.pdf.

McClellan, S., D. Ozkan, W. Kempton, A. Levitt,

H. Thomson. 2015. New York Offshore Wind Cost
Reduction Study - Final Report (Technical Report).
Prepared for the New York State Energy Research
and Development Authority, Albany, NY (US).
https./www.ceoe.udel.edu/File%20Library/About/
SIOW/2016-06-ny-offshore-wind-cost-reduction-
study-ff8.pdf.

“Clean Power Plan for Existing Power Plants,”
Environmental Protection Agency, accessed June
20, 2016, https./www.epa.gov/cleanpowerplan/
clean-power-plan-existing-power-plants.

“Mission Innovation: Accelerating the Clean Energy
Revolution,” Mission Innovation, accessed August 3,
2016, http.//mission-innovation.net/.

“State Renewable Portfolio Standards and Goals,”
National Conference of State Legislatures, accessed
June 6, 2016, http.//www.ncsl.org/research/energy/
renewable-portfolio-standards.aspx.

“Maryland Offshore Wind Energy Act of 2013,”
General Assembly of Maryland, accessed August 5,
2016, http.//mgaleg.maryland.gov/webmga/
frmMain.aspx?id=hb0226&stab=01&pid=bill-
page&tab=subject3&ys=2013RS.

65


http://www.eia.gov/electricity/data/browser/
http://www.eia.gov/electricity/data/browser/
http://www.energy.gov/sites/prod/files/WindVision_Report_final.pdf
http://www.energy.gov/sites/prod/files/WindVision_Report_final.pdf
http://energy.gov/savings/business-energy-investment-tax-credit-itc
http://energy.gov/savings/business-energy-investment-tax-credit-itc
http://www.energy.gov/sites/prod/files/2015/11/f27/Revolution-Now-11132015.pdf
http://www.energy.gov/sites/prod/files/2015/11/f27/Revolution-Now-11132015.pdf
http://www.nrel.gov/docs/fy15osti/64283.pdf
http://www.awea.org/MediaCenter/pressrelease.aspx?ItemNumber=8463
http://www.awea.org/MediaCenter/pressrelease.aspx?ItemNumber=8463
http://www.gwec.net/wp-content/uploads/vip/GWEC-PRstats-2015_LR_corrected.pdf
http://www.gwec.net/wp-content/uploads/vip/GWEC-PRstats-2015_LR_corrected.pdf
http://www.gwec.net/wp-content/uploads/vip/GWEC-PRstats-2015_LR_corrected.pdf
http://energy.gov/sites/prod/files/2013/12/f5/national_offshore_wind_strategy.pdf
http://energy.gov/sites/prod/files/2013/12/f5/national_offshore_wind_strategy.pdf
http://www.thecrownestate.co.uk/media/5493/ei-offshore-wind-cost-reduction-pathways-study.pdf
http://www.thecrownestate.co.uk/media/5493/ei-offshore-wind-cost-reduction-pathways-study.pdf
http://www.thecrownestate.co.uk/media/5493/ei-offshore-wind-cost-reduction-pathways-study.pdf
http://www.offshore-stiftung.com/60005/Uploaded/SOW_Download%7CStudy_LongVersion_CostReductionPotentialsofOffshoreWindPowerinGermany.pdf
http://www.offshore-stiftung.com/60005/Uploaded/SOW_Download%7CStudy_LongVersion_CostReductionPotentialsofOffshoreWindPowerinGermany.pdf
http://www.offshore-stiftung.com/60005/Uploaded/SOW_Download%7CStudy_LongVersion_CostReductionPotentialsofOffshoreWindPowerinGermany.pdf
http://www.offshore-stiftung.com/60005/Uploaded/SOW_Download%7CStudy_LongVersion_CostReductionPotentialsofOffshoreWindPowerinGermany.pdf
http://tki-windopzee.eu/files/2014-09/General%20Presentation%20TKI%20Wind%20op%20Zee%20(3).pdf
http://tki-windopzee.eu/files/2014-09/General%20Presentation%20TKI%20Wind%20op%20Zee%20(3).pdf
http://tki-windopzee.eu/files/2014-09/General%20Presentation%20TKI%20Wind%20op%20Zee%20(3).pdf
http://www.kic-innoenergy.com/wp-content/uploads/2014/09/KIC_IE_OffshoreWind_anticipated_innovations_impact1.pdf
http://www.kic-innoenergy.com/wp-content/uploads/2014/09/KIC_IE_OffshoreWind_anticipated_innovations_impact1.pdf
http://www.kic-innoenergy.com/wp-content/uploads/2014/09/KIC_IE_OffshoreWind_anticipated_innovations_impact1.pdf
http://www.kic-innoenergy.com/wp-content/uploads/2014/09/KIC_IE_OffshoreWind_anticipated_innovations_impact1.pdf
https://www.ceoe.udel.edu/File%20Library/About/SIOW/2016-06-ny-offshore-wind-cost-reduction-study-ff8.pdf
https://www.ceoe.udel.edu/File%20Library/About/SIOW/2016-06-ny-offshore-wind-cost-reduction-study-ff8.pdf
https://www.ceoe.udel.edu/File%20Library/About/SIOW/2016-06-ny-offshore-wind-cost-reduction-study-ff8.pdf
https://www.epa.gov/cleanpowerplan/clean-power-plan-existing-power-plants
https://www.epa.gov/cleanpowerplan/clean-power-plan-existing-power-plants
http://mission-innovation.net/
http://www.ncsl.org/research/energy/renewable-portfolio-standards.aspx
http://www.ncsl.org/research/energy/renewable-portfolio-standards.aspx
http://mgaleg.maryland.gov/webmga/frmMain.aspx?id=hb0226&stab=01&pid=billpage&tab=subject3&ys=2013RS
http://mgaleg.maryland.gov/webmga/frmMain.aspx?id=hb0226&stab=01&pid=billpage&tab=subject3&ys=2013RS
http://mgaleg.maryland.gov/webmga/frmMain.aspx?id=hb0226&stab=01&pid=billpage&tab=subject3&ys=2013RS

66

REFERENCES

[18] “Stakeholder Engagement,” Bureau of
Ocean Energy Management (BOEM),
accessed July 11, 2016, http./www.boem.gov/
BOEM-Stakeholder-Engagement/.

[19] Consensus Building Institute. 2016. U.S. Department
of Energy and U.S. Department of the Interior
Workshop to Inform 2016 National Offshore Wind
Strategy. Cambridge, MA (US). http.//www.boem.
gov/National-Offshore-Wind-Strategy-Workshop-
Summary.

[20] Musial, W., D. Heimiller, P. Beiter, G. Scott, and C.
Draxl. 2016. 2016 Offshore Wind Energy Resource
Assessment for the United States. NREL/TP-5000-
66599. NREL, Golden, CO (US). http:/www.nrel.
gov/docs/fy160sti/66599.pdf.

[21] Schwartz, M., D. Heimiller, S. Haymes, W. Musial.
2010. Assessment of Offshore Wind Energy
Resources for the United States (Technical Report).
NREL/TP-500-45889. NREL, Golden, CO (US).
http:/www.nrel.gov/docs/fy100sti/45889.pdf.

[22] Marcy, C. and P. Beiter. 2016. Quantifying the
Opportunity Space for Future Electricity Generation:
An Application to Offshore Wind Energy in the
United States (Technical Report). NREL/TP-6A20-
66522. NREL, Golden, CO (US). http.//www.nrel.
gov/docs/fy160sti/66522.

[23] Beiter, P,, W. Musial, A. Smith, L. Kilcher, R. Damiani,
M. Maness, S. Sirnivas, T. Stehly, V. Gevorgian, M.
Mooney, G. Scott. 2016. A Spatial-Economic Cost
Reduction Pathway Analysis for U.S. Offshore Wind
Energy Development from 2015-2030 (Technical
Report), NREL/TP-6A20-66579. NREL, Golden, CO
(US). http:/www.nrel.gov/docs/fy160sti/66579.

[24] Beiter, P. and W. Musial. 2016. Terminology Guide-
line for Classifying Offshore Wind Energy Resources
(Technical Report). NREL/TP-6A20-65431. NREL,
Golden, CO (US). http:/www.nrel.gov/docs/
fyl60sti/65431.

[25] Siemens. 2014. “SCOE - Society’s costs of elec-
tricity: How society should find its optimal energy
mix,” (presentation at Siemens Wind Power on
August 20, 2014). http.//www.energy.siemens.com/
hq/pool/hq/power-generation/renewables/wind-
power/SCOE/SCOE-full-documentation.pdf.

[26] Musial, W., and B. Ram. 2010. Large-Scale Offshore
Wind Power in the United States: Assessment of
Opportunities and Barriers (Technical Report).
NREL/TP-500-40745. NREL, Golden, CO (US).
http:/www.nrel.gov/docs/fy100sti/40745.pdf.

[27] Lopez, A., B. Roberts, D. Heimiller, N. Blair, and
G. Porro. 2012. U.S. Renewable Energy Technical
Potentials: A GIS-Based Analysis (Technical Report).
NREL/TP-6A20-51946. NREL, Golden, CO (US).
http:/www.nrel.gov/docs/fy120sti/51946.pdf.

[28] Draxl, C., A. Clifton, B.-M. Hodge, J. McCaa, “The
Wind Integration National Dataset (WIND) Toolkit,”
Applied Energy 151: 355-366, accessed March 2,
2016. http.//www.sciencedirect.com/science/article/
pii/S0306261915004237.

[29] Musial, W., Z. Parker, J. Fields, G. Scott, D. Elliott, C.
Draxl. 2013. Assessment of Offshore Wind Energy
Leasing Areas for the BOEM Massachusetts Wind
Energy Area (Technical Report). NREL/TP-5000-
60942. NREL, Golden, CO (US). http;/www.nrel.
gov/docs/fyl14osti/60942.pdf.

[30] Musial, W., D. Elliott, J. Fields, Z. Parker, G. Scott, C.
Draxl. 2013. Assessment of Offshore Wind Energy
Leasing Areas for the BOEM New Jersey Wind
Energy Area (Technical Report). NREL/TP-5000-
60403. NREL, Golden, CO (US). http.//www.nrel.
gov/docs/fy130sti/60403.pdf.

[31] Black & Veatch. 2010. “Technology Characterization
for Renewable Energy Electricity Futures Study:
GIS Database of Offshore Wind Resource Com-
peting Uses and Environmentally Sensitive Areas.”
Black & Veatch, Overland Park, KS (US). Unpub-
lished report contracted by NREL.

[32] “Annual Energy Outlook 2016,” EIA, accessed
[include full date accessed/remove brackets when
donel, https.//www.eia.gov/forecasts/aeo/
section_prices.cfm.

[33] ORE Catapult. 2015. Cost Reduction Monitoring
Framework. Innovate UK Technology Strategy
Board, Leven, Scotland. https.//ore.catapult.org.uk/
wp-content/uploads/2016/05/CRMF-ORE-
Catapult-report-to-the-OWPB.pdf.

[34] European Commission. 2016. SET-Plan - Declaration
on Strategic Targets in the context of an Initiative
for Global Leadership in Offshore Wind. Brussels,
Belgium. https.//setis.ec.europa.eu/system/files/
declaration_of _intent_offshore_wind.pdf.

[35] Moné, C., T. Stehly, B. Maples, E. Settle. 2015. 2074
Cost of Wind Energy Review (Technical Report).
NREL/TP-6A20-64281. NREL, Golden, CO (US).
http./www.nrel.gov/docs/fy160sti/6428]1.pdf.


http://www.boem.gov/BOEM-Stakeholder-Engagement/
http://www.boem.gov/BOEM-Stakeholder-Engagement/
http://www.boem.gov/National-Offshore-Wind-Strategy-Workshop-Summary
http://www.boem.gov/National-Offshore-Wind-Strategy-Workshop-Summary
http://www.boem.gov/National-Offshore-Wind-Strategy-Workshop-Summary
http://www.nrel.gov/docs/fy16osti/66599.pdf
http://www.nrel.gov/docs/fy16osti/66599.pdf
http://www.nrel.gov/docs/fy10osti/45889.pdf
http://www.nrel.gov/docs/fy16osti/66522
http://www.nrel.gov/docs/fy16osti/66522
http://www.nrel.gov/docs/fy16osti/66579
http://www.nrel.gov/docs/fy16osti/65431
http://www.nrel.gov/docs/fy16osti/65431
http://www.energy.siemens.com/hq/pool/hq/power-generation/renewables/wind-power/SCOE/SCOE-full-documentation.pdf
http://www.energy.siemens.com/hq/pool/hq/power-generation/renewables/wind-power/SCOE/SCOE-full-documentation.pdf
http://www.energy.siemens.com/hq/pool/hq/power-generation/renewables/wind-power/SCOE/SCOE-full-documentation.pdf
http://www.nrel.gov/docs/fy10osti/40745.pdf
http://www.nrel.gov/docs/fy12osti/51946.pdf
http://www.sciencedirect.com/science/article/pii/S0306261915004237
http://www.sciencedirect.com/science/article/pii/S0306261915004237
http://www.nrel.gov/docs/fy14osti/60942.pdf
http://www.nrel.gov/docs/fy14osti/60942.pdf
http://www.nrel.gov/docs/fy13osti/60403.pdf
http://www.nrel.gov/docs/fy13osti/60403.pdf
https://www.eia.gov/forecasts/aeo/section_prices.cfm
https://www.eia.gov/forecasts/aeo/section_prices.cfm
https://ore.catapult.org.uk/wp-content/uploads/2016/05/CRMF-ORE-Catapult-report-to-the-OWPB.pdf
https://ore.catapult.org.uk/wp-content/uploads/2016/05/CRMF-ORE-Catapult-report-to-the-OWPB.pdf
https://ore.catapult.org.uk/wp-content/uploads/2016/05/CRMF-ORE-Catapult-report-to-the-OWPB.pdf
https://setis.ec.europa.eu/system/files/declaration_of_intent_offshore_wind.pdf
https://setis.ec.europa.eu/system/files/declaration_of_intent_offshore_wind.pdf
http://www.nrel.gov/docs/fy16osti/64281.pdf

[36] Department of Energy & Climate Change. 2013.
Electricity Generation Costs 2013. London, England
(UK). https./www.gov.uk/government/uploads/
system/uploads/attachment_data/file/223940/
DECC _Electricity Generation_Costs_for_
publication_-_24_07_13.pdf.

[371 ARUP. 2011. Review of the generation costs and
deployment potential of renewable electricity
technologies in the UK. Department of Energy and
Climate Change. London, England (UK). https./
www.gov.uk/government/uploads/system/uploads/
attachment_data/file/147863/3237-cons-ro-
banding-arup-report.pdf.

[38] Bloomberg New Energy Finance. 2015. Route to
offshore wind 2020 LCOE target: From riches to
rags. Wind - Research Note. Report distributed to
Bloomberg New Energy Finance clients.

[39] Beiter, P. 2015. 2014 Renewable Energy Data Book.
DOE/G0-102015-4724. DOE Office of Energy Effi-
ciency & Renewable Energy, Washington, D.C. (US).
http./www.nrel.gov/docs/fy160sti/64720.pdf.

[40] NREL. 2016. Internal offshore wind database main-
tained by NREL.

[41] GE Power. 2010. New England Wind Integration
Study. Prepared for ISO New England. GE Energy,
Schenectady, NY (US). http./www.uwig.org/
newis_es.pdf.

[42] Charles River Associates. 2012. Update to the Anal-
ysis of the Impact of Cape Wind on Lowering New
England Energy Prices. Charles River Associates,
Boston, MA (US). http./www.capewind.org/sites/
default/files/downloads/CRA-Updated-Cape-Wind-
Report-29Mar2012_0.pdf.

[43] Dvorak, B. A. Corcoran, J. E. Ten Hoeve, N. G.
Mclntyre, M. Z. Jacobson, “US East Coast offshore
wind energy resources and their relationship to
peak-time electricity demand,” Wind Energy 16
(2013): 977-997, accessed March 10, 2016, doi:
10.1002/we.1524.

[44] Daniel, J. P, S. Lieu, E. Ibanez, K. Pennock, G. Reed,
S. Hanes. 2014. National Offshore Wind Energy Grid
Interconnection Study. ABB Inc., Cary, NC (US).
http;/energy.gov/sites/prod/files/2014/08/f18/
NOWEGIS%20Full%20Report.pdf.

[45] Brinkman, G., J. Jorgenson, A. Ehlen, and J. H.
Caldwell. 2016. Low Carbon Grid Study: Analysis of
a 50% Emission Reduction in California (Technical
Report). NREL/TP-6A20-64884. NREL, Golden, CO
(US). http:/www.nrel.gov/docs/fy160sti/64884.pdf.

REFERENCES

[46] E. D. Stoutenburg, N. Jenkins, M. Z. Jacobson,
“Power output variations of co-located offshore
wind turbines and wave energy converters in
California,” Renewable Energy 35 (2010): 2,781-
2,791, accessed March 12, 2016, doi: 10.1016/
j.renene.2010.04.033.

[47] Ensslin, C., M. Milligan, H. Holttinen, M. O’Malley,
A. Keane, “Current Methods to Calculate Capacity
Credit of Wind Power, IEA Collaboration” (paper
presented at the Power and Energy Society Gen-
eral Meeting - Conversion and Delivery of Electrical
Energy in the 21st Century, Pennsylvania, PA, July
20-24, 2008). https.//www.researchgate.net/
publication/4361034_Current_methods_to_
calculate_capacity credit_of _wind_power_IEA_
collaboration.

[48] “Renewables Portfolio Standard (RPS),” California
Energy Commission, accessed August 16, 2016.
http:/www.energy.ca.gov/portfolio/.

[49] California Independent System Operator. 2016.
Fast Facts: What the Duck Curve tells us about
managing a green grid. Folsom, CA (US).
https.//www.caiso.com/Documents/
FlexibleResourcesHelpRenewables_FastFacts.pdf.

[501 W. Musial, “Offshore Wind Energy Briefing,”
(presented at Integrated Energy Policy Workshop
on Offshore Renewable Energy, TN-211749,
Sacramento, California, May 25, 2016).

[51] International Renewable Energy Agency. 2015.
Renewable Energy and Jobs - Annual Review 201I5.
Abu Dhabi, United Arab Emirates. http./www.
irena.org/DocumentDownloads/Publications/
IRENA_RE_Jobs_Annual_Review_2015.pdf.

[52] Denholm, P, R. Margolis, B. Palmintier, C. Barrows,
E. Ibanez, L. Bird. 2014. Methods for Analyzing the
Benefits and Costs of Distributed Photovoltaic Gen-
eration to the U.S. Electric Utility System (Technical
Report). NREL/TP-6A20-62447. NREL, Golden, CO
(US). http/www.nrel.gov/docs/fyl4osti/62447 pdf.

[53] “Net Generation by State by Type of Producer by
Energy Source (EIA forms 906, 920, and 923),”
EIA, accessed June 2016, https./www.eia.gov/
electricity/data/state/.

67


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/223940/DECC_Electricity_Generation_Costs_for_publication_-_24_07_13.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/223940/DECC_Electricity_Generation_Costs_for_publication_-_24_07_13.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/223940/DECC_Electricity_Generation_Costs_for_publication_-_24_07_13.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/223940/DECC_Electricity_Generation_Costs_for_publication_-_24_07_13.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/147863/3237-cons-ro-banding-arup-report.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/147863/3237-cons-ro-banding-arup-report.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/147863/3237-cons-ro-banding-arup-report.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/147863/3237-cons-ro-banding-arup-report.pdf
http://www.nrel.gov/docs/fy16osti/64720.pdf
http://www.nrel.gov/docs/fy16osti/64720.pdf
http://www.uwig.org/newis_es.pdf
http://www.uwig.org/newis_es.pdf
http://www.capewind.org/sites/default/files/downloads/CRA-Updated-Cape-Wind-Report-29Mar2012_0.pdf
http://www.capewind.org/sites/default/files/downloads/CRA-Updated-Cape-Wind-Report-29Mar2012_0.pdf
http://www.capewind.org/sites/default/files/downloads/CRA-Updated-Cape-Wind-Report-29Mar2012_0.pdf
http://energy.gov/sites/prod/files/2014/08/f18/NOWEGIS%20Full%20Report.pdf
http://energy.gov/sites/prod/files/2014/08/f18/NOWEGIS%20Full%20Report.pdf
http://www.nrel.gov/docs/fy16osti/64884.pdf
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4584435
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4584435
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4584435
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4584435
https://www.researchgate.net/publication/4361034_Current_methods_to_calculate_capacity_credit_of_wind_power_IEA_collaboration
https://www.researchgate.net/publication/4361034_Current_methods_to_calculate_capacity_credit_of_wind_power_IEA_collaboration
https://www.researchgate.net/publication/4361034_Current_methods_to_calculate_capacity_credit_of_wind_power_IEA_collaboration
https://www.researchgate.net/publication/4361034_Current_methods_to_calculate_capacity_credit_of_wind_power_IEA_collaboration
http://www.energy.ca.gov/portfolio/
https://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf
https://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf
http://www.irena.org/DocumentDownloads/Publications/IRENA_RE_Jobs_Annual_Review_2015.pdf
http://www.irena.org/DocumentDownloads/Publications/IRENA_RE_Jobs_Annual_Review_2015.pdf
http://www.irena.org/DocumentDownloads/Publications/IRENA_RE_Jobs_Annual_Review_2015.pdf
http://www.nrel.gov/docs/fy14osti/62447.pdf
https://www.eia.gov/electricity/data/state/
https://www.eia.gov/electricity/data/state/

68

REFERENCES

[54] Arent, D., P. Sullivan, D. Heimiller, A. Lopez, K.
Eurek, J. Badger, H. Ejsing Jargensen, M. Kelly, L.
Clarke, P. Luckow. 2012. Improved Offshore Wind
Resource Assessment in Global Climate Stabiliza-
tion Scenarios (Technical Report). NREL/TP-6A20-
55049. NREL, Golden, CO (US). http.//www.nrel.
gov/docs/fy130sti/55049.pdf.

[55] “Summary Statistics for the United States, 2004 -
2014,” EIA, accessed July 2016. http./www.eia.gov/
electricity/annual/.

[56] Hamilton, B., L. Battenberg, M. Bielecki, C. Bloch,
T. Decker, L. Frantzis, A. Karcanias, B. Madsen, J.
Paidipati, A. Wickless, F. Zhao. 2013. U.S. Offshore
Wind Manufacturing and Supply Chain Develop-
ment. Navigant Consulting, Inc., Burlington, MA
(US). http.//energy.gov/sites/prod/files/2013/
12/f5/us_offshore_wind_supply_chain_and._
manufacturing_development.pdf.

[57] A. Athanasia, G. Anne-Bénédicte, M. Jacopo. “The
Offshore Wind Market Deployment: Forecasts for
2020, 2030 and Impacts on the European Supply
Chain Development,” Energy Procedia 24 (2012):
2-10, accessed August 16, 2016, doi: 10.1016/
j.egypro.2012.06.080.

[58] “FINO 1,2,3,” German Federal Ministry for the
Environment, Nature Conservation, Building
and Nuclear Safety, accessed June 6, 2016,
http:/www.fino-offshore.de/en/.

[59] Previsic, M. 2012. The Future Potential of Wave
Power in the United States. Prepared by ReVision
Consulting on behalf of DOE, Denver, CO (US).
http:/www.re-vision.net/documents/The%20
Future%200f%20Wave%20Power%20MP%20
9-20-12%20V2.pdf.

[60] “Wind Energy Resource Atlas of the United States,”
Renewable Resource Data Center, accessed
July 1, 2016, http.//rredc.nrel.gov/wind/pubs/atlas/.

[61] P.Vickery, F. J. Masters, M. D. Powell, D. Wadhera.
“Hurricane hazard modeling: The past, present, and
future,” Journal of Wind Engineering and Industrial
Aerodynamics, 97 (2009): 392-405, accessed
June 6, 2016, doi: 10.1016./j.weia.2009.05.005.

[62] D. Weston, “Vestas “V200 10MW turbine”
application revealed,” Wind Power Offshore,
July 7, 2014, accessed June 6, 2016, http./
www.windpoweroffshore.com/article/1302319/
vestas-v200-10mw-turbine-application-revealed.

[63] E. Mizuno, “Overview of wind energy policy and
development in Japan,” Renewable and Sustainable
Energy Reviews, 40 (2014): 999-1,018, accessed
August 16, 2016, doi: 10.1016/].rser.2014.07.184.

[64]R. J. Barthelmie, S. T. Frandsen, O. Rathmann,
K. Hansen, E. S. Politis, J. Prospathopoulos,
D. Cabezon, K. Rados, S. P. van der Pijl, J. G.
Schepers, W. Schlez, J. Phillips, A. Neubert,
“Flow and wakes in large wind farms in complex
terrain and offshore” (paper presented at
the European Wind Energy Conference).
http;y/citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.565.8697&rep=repi&type=pdf

[65] Global Wind Network. 2014. U.S. Wind Energy
Manufacturing and Supply Chain: A Competitive
Analysis. Prepared for DOE. Cleveland, OH (US).
http;//energy.gov/sites/prod/files/2014/09/f18/
U.S.%20Wind%20Energy %20Manufacturing %20
and%20Supply%20Chain%20Competitiveness%20
Analysis_0.pdf.

[66] Squire, Sanders & Dempsey, “US Customs and
Border Protection Ruling May Exempt Foreign Off-
shore Wind Farm Turbine-Installation Vessels from
Jones Act Regulation,” June 2010, accessed April 11,
2016, http.//www.squirepattonboggs.com/~/media/
files/insights/events/2010/09/offshore-wind-
seminar/files/jones-act-alert/fileattachment/
Jjones_act_alert.pdf.

[67] J. Deign, “Offshore projects face vessel shortage
for large turbines until 2018,” Wind Energy Update,
September 24, 2015, accessed March 17, 2016,
http;/analysis.windenergyupdate.com/
construction/offshore-projects-face-vessel-
shortage-large-turbines-until-2018.

[68] C. Papavizas, “Clarifying the Jones Act for Offshore
Wind,” North Windpower, June 1, 2011, accessed
March 30, 2016, http./cdn2.winston.com/images/
content/8/6/v2/862/Windpower-Papavizas.pdf.

[69] The Maritime Executive, “First U.S. Offshore Wind
Crew Boat Hits the Water,” February 16, 2016,
accessed April 16, 2016, http./www.maritime-
executive.comyarticle/first-us-offshore-wind-
crew-boat-hits-the-water.


http://www.nrel.gov/docs/fy13osti/55049.pdf
http://www.nrel.gov/docs/fy13osti/55049.pdf
http://www.eia.gov/electricity/annual/
http://www.eia.gov/electricity/annual/
http://energy.gov/sites/prod/files/2013/12/f5/us_offshore_wind_supply_chain_and_manufacturing_development.pdf
http://energy.gov/sites/prod/files/2013/12/f5/us_offshore_wind_supply_chain_and_manufacturing_development.pdf
http://energy.gov/sites/prod/files/2013/12/f5/us_offshore_wind_supply_chain_and_manufacturing_development.pdf
http://www.fino-offshore.de/en/
http://www.re-vision.net/documents/The%20Future%20of%20Wave%20Power%20MP%209-20-12%20V2.pdf
http://www.re-vision.net/documents/The%20Future%20of%20Wave%20Power%20MP%209-20-12%20V2.pdf
http://www.re-vision.net/documents/The%20Future%20of%20Wave%20Power%20MP%209-20-12%20V2.pdf
http://rredc.nrel.gov/wind/pubs/atlas/
http://www.windpoweroffshore.com/article/1302319/vestas-v200-10mw-turbine-application-revealed
http://www.windpoweroffshore.com/article/1302319/vestas-v200-10mw-turbine-application-revealed
http://www.windpoweroffshore.com/article/1302319/vestas-v200-10mw-turbine-application-revealed
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.565.8697&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.565.8697&rep=rep1&type=pdf
http://energy.gov/sites/prod/files/2014/09/f18/U.S.%20Wind%20Energy%20Manufacturing%20and%20Supply%20Chain%20Competitiveness%20Analysis_0.pdf
http://energy.gov/sites/prod/files/2014/09/f18/U.S.%20Wind%20Energy%20Manufacturing%20and%20Supply%20Chain%20Competitiveness%20Analysis_0.pdf
http://energy.gov/sites/prod/files/2014/09/f18/U.S.%20Wind%20Energy%20Manufacturing%20and%20Supply%20Chain%20Competitiveness%20Analysis_0.pdf
http://energy.gov/sites/prod/files/2014/09/f18/U.S.%20Wind%20Energy%20Manufacturing%20and%20Supply%20Chain%20Competitiveness%20Analysis_0.pdf
http://www.squirepattonboggs.com/~/media/files/insights/events/2010/09/offshore-wind-seminar/files/jones-act-alert/fileattachment/jones_act_alert.pdf
http://www.squirepattonboggs.com/~/media/files/insights/events/2010/09/offshore-wind-seminar/files/jones-act-alert/fileattachment/jones_act_alert.pdf
http://www.squirepattonboggs.com/~/media/files/insights/events/2010/09/offshore-wind-seminar/files/jones-act-alert/fileattachment/jones_act_alert.pdf
http://www.squirepattonboggs.com/~/media/files/insights/events/2010/09/offshore-wind-seminar/files/jones-act-alert/fileattachment/jones_act_alert.pdf
http://analysis.windenergyupdate.com/construction/offshore-projects-face-vessel-shortage-large-turbines-until-2018
http://analysis.windenergyupdate.com/construction/offshore-projects-face-vessel-shortage-large-turbines-until-2018
http://analysis.windenergyupdate.com/construction/offshore-projects-face-vessel-shortage-large-turbines-until-2018
http://cdn2.winston.com/images/content/8/6/v2/862/Windpower-Papavizas.pdf
http://cdn2.winston.com/images/content/8/6/v2/862/Windpower-Papavizas.pdf
http://www.maritime-executive.com/article/first-us-offshore-wind-crew-boat-hits-the-water
http://www.maritime-executive.com/article/first-us-offshore-wind-crew-boat-hits-the-water
http://www.maritime-executive.com/article/first-us-offshore-wind-crew-boat-hits-the-water

[70] Elkinton, C., A. Blatiak, H. Ameen. 2014. Assess-
ment of Ports for Offshore Wind Development in
the United States. Document 700694-USPO-R-

03. GL Garrad Hassan America, San Diego, CA
(US). http:/energy.gov/sites/prod/files/2014/03/
f14/Assessment%200f%20Ports%20for%200ff-
shore%20Wind%20Development%20in%20the%20
United%20States_1.pdf.

[71] Losz, A., and S. Kopits. 2013. Assessment of Vessel
Requirements for the U.S. Offshore Wind Sector.
Douglas-Westwood, New York, NY (US).
http;/wind.energy.gov/pdfs/assessment_vessel
requirements_US_offshore_wind_report.pdf.

[72] ESS Group, Inc. 2016. The Identification of Port Mod-
ifications and the Environmental and Socioeconomic
Consequences. DOI, BOEM, Washington, D.C. (US),
OCS Study BOEM 2016-034. 99 pp., http:/www.
data.boem.gov/Pl/PDFImages/ESPIS/5/5508.pdf.

[73] National Research Council Marine Board. 2012.
Regulating Worker Safety in Renewable Energy
Operations on the OCS. DOI, BOEM, Washington,
D.C. (US). TAP Study 686, 179 pp. https/www.
bsee.gov/sites/bsee.gov/files/tap-technical-
assessment-programy/686aa.pdf.

[74] PMSS. 2012. TAP-709-Technical and Business Pro-
posal for example safety management system and
audit criteria/procedures template and checklist for
Offshore Wind. TAP Study 709AA, 107 pp., 709AB,
8 pp. https./www.bsee.gov/research-record/
tap-709-technical-and-business-proposal-
example-safety-management-system-and-audit.

[75] “Renewable Energy,” BOEM, accessed August 3,
2016, http.//www.boem.gov/renewable-energy.

[76] Williams, K. A., I. J. Stenhouse, E. E. Connelly, S.
M. Johnson. 2015. Mid-Atlantic Wildlife Studies:
Distribution and Abundance of Wildlife along the
Eastern Seaboard 2012-2014. Biodiversity Research
Institute. Portland, ME (US). http.//www.briloon.
org/uploads/BRI_Documents/Wildlife_and_
Renewable_Energy/FINAL%20D0OE%20booklet%20
0925715.pdf.

[77] BOEM. 2012. Commercial Wind Lease Issuance and
Site Assessment Activities on the Atlantic Outer
Continental Shelf Offshore New Jersey, Delaware,
Maryland, and Virginia; Final Environmental Assess-
ment. DOI, BOEM, Regulation and Enforcement,
Office of Offshore Alternative Energy Programs.
OCS EIS/EA BOEM 2012-003. 341 pp.
http:/www.boem.gov/uploadedFiles/BOEM/
Renewable_Energy_Program/Smart_from_the
Start/Mid-Atlantic_Final_EA_012012.pdf.

REFERENCES

[78] A. Johnston, A. S. C. P. Cook, L. J. Wright, E. M.
Humphreys, N. H. K. Burton, “Modelling flight
heights of marine birds to more accurately assess
collision risk with offshore wind turbines,” Journal
of Applied Ecology 51: 31-41, accessed April 6, 2016,
doi: 10.1111/1365-2664.12191.

[79]1 J. Burger, C. Gordon, J. Lawrence, J. Newman, G.
Forcey, L. Vlietstra, “Risk evaluation for Federally
listed (roseate tern, piping plover) or candidate
(red knot) bird species in offshore waters: A
first step for managing the potential impacts of
wind facility development on the Atlantic Outer
Continental Shelf,” Renewable Energy 36:1 (2011):
338-351, accessed January 12, 2015, doi: 10.1016/
j.renene.2010.06.048.

[80] Ling, H., M. F. Hamilton, R. Bhalla, W. E. Brown, T.
A. Hay, N. J. Whitelonis, S.-T. Yang, and A. R. Naqvi.
2013. Final Report DE-EEO005380 Assessment
of Offshore Wind Farm Effects on Sea Surface,
Subsurface and Airborne Electronic Systems
(Technical Report). The University of Texas at
Austin, Austin, TX (US). http./www.energy.gov/
sites/prod/files/2013/12/f5/assessment_offshore_
wind_effects_on_electronic_systems.pdf.

[81] Lilley M., J. Firestone, and W. Kempton, “The Effect
of Wind Power Installations on Coastal Tourism,”
Energies 2010 3(1): 1-22, accessed April 6, 2016,
doi: 10.3390./en3010001.

[82] European Wind Energy Association (EWEA). 2016.
The European offshore wind industry - key trends
and statistics Ist half 2015. EWEA, Brussels,
Belgium. http./www.ewea.org/fileadmin/files/
library/publications/statistics/EWEA-European-
Offshore-Statistics-HI-2015.pdf.

[83] International Energy Agency (IEA). 2013.
Technology Roadmap.: Wind Energy - 2013 edition.
IEA, Paris, France. https.//www.iea.org/
publications/freepublications/publication/
Wind_2013_Roadmap.pdf.

[84]Bird, L., and D. Lew. 2012. Integrating Wind and
Solar Energy in the U.S. Bulk Power System:
Lessons from Regional Integration Studies.
NREL/CP-6A50-55830. NREL, Golden, CO (US).
http./www.uvig.org/wp-content/uploads/2012/11/
55830-LessonsfromEWITSandWWSIS.pdf.

69


http://energy.gov/sites/prod/files/2014/03/f14/Assessment%20of%20Ports%20for%20Offshore%20Wind%20Development%20in%20the%20United%20States_1.pdf
http://energy.gov/sites/prod/files/2014/03/f14/Assessment%20of%20Ports%20for%20Offshore%20Wind%20Development%20in%20the%20United%20States_1.pdf
http://energy.gov/sites/prod/files/2014/03/f14/Assessment%20of%20Ports%20for%20Offshore%20Wind%20Development%20in%20the%20United%20States_1.pdf
http://energy.gov/sites/prod/files/2014/03/f14/Assessment%20of%20Ports%20for%20Offshore%20Wind%20Development%20in%20the%20United%20States_1.pdf
http://wind.energy.gov/pdfs/assessment_vessel_requirements_US_offshore_wind_report.pdf
http://wind.energy.gov/pdfs/assessment_vessel_requirements_US_offshore_wind_report.pdf
http://www.data.boem.gov/PI/PDFImages/ESPIS/5/5508.pdf
http://www.data.boem.gov/PI/PDFImages/ESPIS/5/5508.pdf
https://www.bsee.gov/sites/bsee.gov/files/tap-technical-assessment-program//686aa.pdf
https://www.bsee.gov/sites/bsee.gov/files/tap-technical-assessment-program//686aa.pdf
https://www.bsee.gov/sites/bsee.gov/files/tap-technical-assessment-program//686aa.pdf
https://www.bsee.gov/research-record/tap-709-technical-and-business-proposal-example-safety-management-system-and-audit
https://www.bsee.gov/research-record/tap-709-technical-and-business-proposal-example-safety-management-system-and-audit
https://www.bsee.gov/research-record/tap-709-technical-and-business-proposal-example-safety-management-system-and-audit
http://www.boem.gov/renewable-energy
http://www.briloon.org/uploads/BRI_Documents/Wildlife_and_Renewable_Energy/FINAL%20DOE%20booklet%20092515.pdf
http://www.briloon.org/uploads/BRI_Documents/Wildlife_and_Renewable_Energy/FINAL%20DOE%20booklet%20092515.pdf
http://www.briloon.org/uploads/BRI_Documents/Wildlife_and_Renewable_Energy/FINAL%20DOE%20booklet%20092515.pdf
http://www.briloon.org/uploads/BRI_Documents/Wildlife_and_Renewable_Energy/FINAL%20DOE%20booklet%20092515.pdf
http://www.boem.gov/uploadedFiles/BOEM/Renewable_Energy_Program/Smart_from_the_Start/Mid-Atlantic_Final_EA_012012.pdf
http://www.boem.gov/uploadedFiles/BOEM/Renewable_Energy_Program/Smart_from_the_Start/Mid-Atlantic_Final_EA_012012.pdf
http://www.boem.gov/uploadedFiles/BOEM/Renewable_Energy_Program/Smart_from_the_Start/Mid-Atlantic_Final_EA_012012.pdf
http://www.energy.gov/sites/prod/files/2013/12/f5/assessment_offshore_wind_effects_on_electronic_systems.pdf
http://www.energy.gov/sites/prod/files/2013/12/f5/assessment_offshore_wind_effects_on_electronic_systems.pdf
http://www.energy.gov/sites/prod/files/2013/12/f5/assessment_offshore_wind_effects_on_electronic_systems.pdf
http://www.ewea.org/fileadmin/files/library/publications/statistics/EWEA-European-Offshore-Statistics-H1-2015.pdf
http://www.ewea.org/fileadmin/files/library/publications/statistics/EWEA-European-Offshore-Statistics-H1-2015.pdf
http://www.ewea.org/fileadmin/files/library/publications/statistics/EWEA-European-Offshore-Statistics-H1-2015.pdf
https://www.iea.org/publications/freepublications/publication/Wind_2013_Roadmap.pdf
https://www.iea.org/publications/freepublications/publication/Wind_2013_Roadmap.pdf
https://www.iea.org/publications/freepublications/publication/Wind_2013_Roadmap.pdf
http://www.uvig.org/wp-content/uploads/2012/11/55830-LessonsfromEWITSandWWSIS.pdf
http://www.uvig.org/wp-content/uploads/2012/11/55830-LessonsfromEWITSandWWSIS.pdf

70

REFERENCES

[85] Electric Power Research Institute. 2011. Impacts of
Wind Generation Integration. Palo Alto, CA (US).
http:/www.epricom/abstracts/pages/productab-
stract.aspx?ProductID=000000000001023166&-
Mode=download.

[86] DNV GL. 2015. Cost Reduction Monitoring
Framework: Summary Report. Offshore Renewable
Energy Catapult, Glasgow, United Kingdom.
https.//ore.catapult.org.uk/wp-content/uploads/
2016/05/CRMF-Qualitative-Summary-report.pdf.

[87] EWEA. 2013. Where’s the Money Coming From?
Financing offshore wind farms. EWEA, Brussels,
Belgium. http:/www.ewea.org/fileadmin/files/
library/publications/reports/Financing_Offshore_
Wind_Farms.pdf.

[88] “Detailed Summary Maps,” DSIRE, accessed April
15, 2016. http.//www.dsireusa.org/resources/
detailed-summary-maps/.

[89] State of Hawaii, “Governor Ige Signs Bill Setting
100 Percent Renewable Energy Goal in Power
Sector,” June 8, 2015, accessed April 11, 2016,
http:/governor.hawaii.gov/newsroom/press-release
-governor-ige-signs-bill-setting-100-percent-
renewable-energy-goal-in-power-sector/.

[90] “Offshore Wind,” Maryland Public Service Commis-
sion, accessed April 11, 2016, http:;/www.psc.state.
ma.us/?s=offshore%20wind.

[91] Tegen, S., D. Keyser, F. Flores-Espino, J. Miles, D.
Zammit, D. Loomis. 2015. Offshore Wind Jobs and
Economic Development Impacts in the United

States: Four Regional Scenarios. NREL/TP-5000-
61315. NREL, Golden CO (US). http.//www.nrel.gov/
docs/fy150sti/61315.pdf.

[92] AWEA. 2012. AWEA Large Turbine Compliance
Guidelines: AWEA Offshore Compliance Recom-
mended Practices 2012; Recommended Practices
for Design, Deployment, and Operation of Off-
shore Wind Turbines in the United States. AWEA,
Washington, D.C. (US). http./awea.files.cms-plus.
com/FileDownloads/pdfs/AWEA%200ffshore%20
RP2012%20FINAL%202012%200ctober%2010.pdf.

[93] DOI. 2016. Guidelines for Information
Requirements for a Renewable Energy Site
Assessment Plan (SAP). Office of Renewable
Energy Programs, BOEM. http.//www.boem.gov/
Final-SAP-Guidelines/.

[94] DOI. 2016. Guidelines for Information Require-
ments for a Renewable Energy Construction and
Operations Plan (COP). Office of Renewable
Energy Programs, BOEM. http.//www.boem.gov/
COP-Guidelines-Version-2.0-Final/.

[95] Gilman, P, L. Husser, B. Miller, L. Peterson. 2016.
Federal Interagency Wind Turbine Radar Interfer-
ence Mitigation Strategy. DOE, Washington, D.C.
(US). http:/energy.gov/sites/prod/files/2016/06/
f32/Federal-Interagency-Wind-Turbine-Radar-
Interference-Mitigation-Strategy-020920]16rev.pdf.


http://www.epri.com/abstracts/pages/productabstract.aspx?ProductID=000000000001023166&Mode=download
http://www.epri.com/abstracts/pages/productabstract.aspx?ProductID=000000000001023166&Mode=download
http://www.epri.com/abstracts/pages/productabstract.aspx?ProductID=000000000001023166&Mode=download
https://ore.catapult.org.uk/wp-content/uploads/2016/05/CRMF-Qualitative-Summary-report.pdf
https://ore.catapult.org.uk/wp-content/uploads/2016/05/CRMF-Qualitative-Summary-report.pdf
http://www.ewea.org/fileadmin/files/library/publications/reports/Financing_Offshore_Wind_Farms.pdf
http://www.ewea.org/fileadmin/files/library/publications/reports/Financing_Offshore_Wind_Farms.pdf
http://www.ewea.org/fileadmin/files/library/publications/reports/Financing_Offshore_Wind_Farms.pdf
http://www.dsireusa.org/resources/detailed-summary-maps/
http://www.dsireusa.org/resources/detailed-summary-maps/
http://governor.hawaii.gov/newsroom/press-release-governor-ige-signs-bill-setting-100-percent-renewable-energy-goal-in-power-sector/
http://governor.hawaii.gov/newsroom/press-release-governor-ige-signs-bill-setting-100-percent-renewable-energy-goal-in-power-sector/
http://governor.hawaii.gov/newsroom/press-release-governor-ige-signs-bill-setting-100-percent-renewable-energy-goal-in-power-sector/
http://www.psc.state.md.us/?s=offshore%20wind
http://www.psc.state.md.us/?s=offshore%20wind
http://www.nrel.gov/docs/fy15osti/61315.pdf
http://www.nrel.gov/docs/fy15osti/61315.pdf
http://awea.files.cms-plus.com/FileDownloads/pdfs/AWEA%20Offshore%20RP2012%20FINAL%202012%20October%2010.pdf
http://awea.files.cms-plus.com/FileDownloads/pdfs/AWEA%20Offshore%20RP2012%20FINAL%202012%20October%2010.pdf
http://awea.files.cms-plus.com/FileDownloads/pdfs/AWEA%20Offshore%20RP2012%20FINAL%202012%20October%2010.pdf
http://www.boem.gov/Final-SAP-Guidelines
http://www.boem.gov/Final-SAP-Guidelines
http://www.boem.gov/ COP-Guidelines-Version-2.0-Final/
http://www.boem.gov/ COP-Guidelines-Version-2.0-Final/
http://energy.gov/sites/prod/files/2016/06/f32/Federal-Interagency-Wind-Turbine-Radar-Interference-Mitigation-Strategy-02092016rev.pdf
http://energy.gov/sites/prod/files/2016/06/f32/Federal-Interagency-Wind-Turbine-Radar-Interference-Mitigation-Strategy-02092016rev.pdf
http://energy.gov/sites/prod/files/2016/06/f32/Federal-Interagency-Wind-Turbine-Radar-Interference-Mitigation-Strategy-02092016rev.pdf

This page is intentionally left blank

7



23

E

X 4
“hch 3,\®

GENTOF
S

S
oW



	National Offshore Wind Strategy report
	Notice 
	Introductory Message
	Acknowledgments
	List of Acronyms
	Executive Summary
	The United States Needs a National Approach to Offshore Wind Development
	Offshore Wind Represents a Significant Opportunity to the Nation
	Key Challenges Remain 
	A Robust and Credible Plan for Federal Action 

	Table of Contents
	List of Figures
	List of Tables

	1.0	Introduction
	1.1	Opportunity for the Nation
	1.2 Key Trends Motivating the National Offshore Wind Strategy
	1.3 The Federal Government’s Role in Domestic Offshore Wind Energy
	1.4 Development of a Robust Offshore Wind Strategy
	1.5	A Framework for Federal Action to Facilitate Offshore Wind Development in the United States

	2.0	The Value of Offshore Wind
	2.1	Introduction
	2.2	Abundant Resource 
	2.3 Substantial Siting and Development Opportunities 
	2.4 Sufficient Market Opportunity for Offshore Wind in U.S. Coastal Regions 
	2.5	Path to Achieve Competitive Cost 
	2.6 Demonstrated Economic Potential for Offshore Wind Energy
	2.7	Economic, Energy System, and Environmental Benefits of Offshore Wind Energy

	3.0 Major Action Areas for U.S. Offshore Wind Industry Development
	3.1	Strategic Theme 1: Reducing Costs and Technology Risks
	Action Area 1.1: Offshore Wind Power Resource and Site Characterization 
	Action Area 1.2: Offshore Wind Plant Technology Advancement
	Action Area 1.3: Installation, Operation and Maintenance, and Supply Chain Solutions

	3.2	Strategic Theme 2: Supporting Effective Stewardship
	Action Area 2.1: Ensuring Efficiency, Consistency, and Clarity in the Regulatory Process
	Action Area 2.2: Managing Key Environmental and Human-Use Concerns

	3.3	Strategic Theme 3: Increasing Understanding of the Benefits of Offshore Wind
	Action Area 3.1: Offshore Wind Electricity Delivery and Grid Integration
	Action Area 3.2: Quantifying and Communicating the Benefits and Costs of Offshore Wind


	4.0	Federal Offshore Wind Strategy
	4.1	Strategic Theme 1: Reducing Costs and Technology Risks
	Action Area 1.1: Offshore Wind Power Resource and Site Characterization 
	Action 1.1.1: Support Site Characterization Data Collection Guidance 
	Action 1.1.2: Gather and Disseminate U.S. Metocean and Geological Data
	Action 1.1.3: Validate Innovative Site Characterization Methods

	Action Area 1.2: Offshore Wind Plant Technology Advancement 
	Action 1.2.1: Demonstrate Advanced Offshore Wind Technology 
	Action 1.2.2: Advance Partnerships to Address Unique U.S. Offshore Challenges
	Action 1.2.3: Improve Reliability of Offshore Wind Systems
	Action 1.2.4: Develop Offshore Wind Energy Design Standards

	Action Area 1.3: Installation, Operation and Maintenance, and Supply Chain Solutions 
	Action 1.3.1: Support a Regularly Updated U.S. Supply Chain Inventory
	Action 1.3.2: Evaluate Supply Chain Bottlenecks, Costs, Risks, and Future Scenarios


	4.2	Strategic Theme 2: Supporting Effective Stewardship 
	Action Area 2.1: Ensuring Efficiency, Consistency, and Clarity in the Regulatory Process
	Action 2.1.1: Reassess, and Potentially Modify, the SAP Requirement for Meteorological Buoys
	Action 2.1.2: Increase Certainty in Plan Review Processes
	Action 2.1.3: Evaluate a “Design Envelope” Approach for Construction and Operations Plan Environmental Impact Statements
	Action 2.1.4: Revisit the Structure of Intergovernmental Task Forces
	Action 2.1.5: Enhance Interagency Coordination Around Offshore Wind Development
	Action 2.1.6: Provide a Regulatory Roadmap 
	Action 2.1.7: Consider Modifying Decommissioning Financial Assurance Requirements
	Action 2.1.8: Develop U.S. Offshore Wind Energy Safety Guidelines
	Action 2.1.9: Assess Path Forward for Potential Next Round of Atlantic Planning and Leasing 
	Action 2.1.10: Continue Work Towards Establishment of International Offshore Wind Regulators Forum
	Action 2.1.11: Convene an Offshore Wind Stakeholders Group

	Action Area 2.2: Managing Key Environmental and Human-Use Concerns
	Action 2.2.1: Collect Environmental Impact Data and Support Testing of Monitoring and Mitigation Technologies at First-Generation Projects 
	Action 2.2.2: Synthesize Environmental Impact Data and Develop Predictive Models 
	Action 2.2.3: Evaluate and Support Mitigation of Unique Impacts of Offshore Wind on Coastal Radar Systems and Other Federal Missions
	Action 2.2.4: Support Social Science to Understand the Drivers of Opposition and Acceptance of Offshore Wind Farms
	Action 2.2.5: Aggregate and Disseminate Environmental Impact Information 
	Action 2.2.6: Improve Communication of BOEM’s Offshore Wind Energy Studies and Research with All Stakeholders
	Action 2.2.7: Provide Guidance to Clarify Information Needs and Data Collection Requirements 
	Action 2.2.8: More Comprehensive Baseline Data Collection to Support Regional Spatial Planning


	4.3	Strategic Theme 3: Increasing Understanding of the Benefits of Offshore Wind
	Action Area 3.1: Offshore Wind Electricity Delivery and Grid Integration 
	Action 3.1.1: Analyze Optimized Offshore Wind Grid Architectures
	Action 3.1.2: Analyze State and Regional Offshore Wind Integration Strategies

	Action Area 3.2: Quantifying and Communicating the Benefits and Costs of Offshore Wind
	Action 3.2.1: Quantify Offshore Wind Social and Environmental Benefits and Costs
	Action 3.2.2: Quantify Offshore Wind Electricity Market Benefits and Costs
	Action 3.2.3: Communicate the Benefits and Costs of Offshore Wind
	Action 3.2.4: Reconsider Operating Fee Structure to Provide More Certainty to Developers during PPA Negotiations



	References
	Figures
	Figure 2.1. �Building blocks comprising the offshore wind value proposition for the United States
	Figure 2.2. �Offshore wind energy resource classification framework
	Figure 2.3. �Net capacity factor for technical potential energy resource at 100 m with technical exclusions for five U.S. offshore wind resource regions
	Figure 2.4 �Capacity and net energy offshore wind resource estimates for five U.S. offshore wind resource regions 
	Figure 2.5. �BOEM-defined areas for potential renewable energy development as of August 2016
	Figure 2.6. �Scheduled and age-based retirements and load growth create opportunity for new offshore wind generation in coastal regions
	Figure 2.7. �Resource potential energy and opportunity space exceed requirements for the 86-GW Wind Vision study scenario
	Figure 2.8. �International levelized cost of electricity estimates for offshore wind (2014–2033)
	Figure 2.9. �Levelized cost of electricity for potential offshore wind projects from 2015 to 2030 over technical resource area
	Figure 2.10. �Regional heat maps of levelized cost of electricity for project commercial operation dates of 2015, 2022, and 2027
	Figure 2.11.� Comparison of levelized cost of energy and levelized avoided cost of energy estimates from 2015 to 2030
	Figure 2.12.� Economic, energy system, and environmental benefits of offshore wind 
	Figure 2.13.�� The “Duck Curve” and modeled generation profiles for 6 MW offshore wind turbines at six California sites
	Figure 3.1.� Modeled fixed-bottom offshore wind cost reduction pathways to 2030
	Figure 3.2.� Modeled floating offshore wind cost reduction pathways to 2030
	Figure 3.3.� Six different offshore wind substructure types
	Figure 3.4.� The four stages of BOEM’s wind authorization process
	Figure 3.5.� The Mid-Atlantic Ecological Baseline study area and survey transects, and an example study output showing predicted winter abundance of Northern Gannets in the study area

	Tables
	Table 1.1. �Key Strategic Themes and Action Areas
	Table 2.1. �Offshore Wind Market Opportunity for U.S. Coastal Regions Compared to the Wind Vision [2], [22]
	Table 3.1.� National Offshore Wind Strategy Strategic Themes and Action Areas
	Table 4.1.� DOE and DOI Actions to Address Offshore Wind Power Resources and Site Characterization
	Table 4.2.� DOE and DOI Actions to Address Offshore Wind Plant Technology Advancement
	Table 4.3. �DOE and DOI Actions to Address Installation, Operation and Maintenance, and Supply Chain Solutions
	Table 4.4. �DOI Actions to Ensure Efficiency, Consistency, and Clarity in the Regulatory Process
	Table 4.5. �DOE and DOI Actions to Manage Key Environmental and Human-Use Concerns
	Table 4.6. �DOE Actions to Address Offshore Wind Electricity Delivery and Grid Integration
	Table 4.7. �DOE and DOI Actions to Quantify and Communicate the Benefits and Costs of Offshore Wind





