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The Promise of U.S.
Offshore Wind

Offshore wind energy has become a key part of the United States' long-term clean energy plan.
Aiming for 30 GW of installed capacity by 2030 and with a technical potential exceeding

2,700 GW, the U.S. offshore wind pipeline has grown to about 73 GW in development across more
than 40 lease areas. Most of this capacity is in deepwater regions beyond the reach of fixed-
bottom turbines, requiring the use of floating wind platforms to fully unlock the country's offshore
energy potential. Floating wind turbines are a technological breakthrough with significant
implications for U.S. energy independence and emissions reduction. Unlike traditional seafloor-
anchored turbines, floating platforms can operate in water depths of 60 meters or more, providing
access to large, wind-rich areas off the Pacific Coast, the Gulf of Maine, and beyond. Recent
federal leasing rounds and policy initiatives targeting 15 GW of floating wind by 2035 show a
strong commitment to this growing sector, as seen in the initial lease sales in California and the
Gulf of Maine in 2022 and 2024, which together awarded nine deepwater lease areas for floating
projects.

Beyond its generation capacity, offshore wind provides important geographic and economic
benefits. Located near high-demand population centers, offshore wind reduces reliance on long-
distance transmission from inland renewable sources. It supplies local clean energy that can
stabilize coastal power grids, replace fossil fuel generation, and improve resilience to climate-
related disruptions. At the same time, the sector offers significant economic advantages. Industry
estimates suggest that deployment through 2030 could create around 56,000 U.S. jobs in
manufacturing, logistics, installation, and operations. Port communities, in particular, are poised to
benefit from increased industrial growth and maritime logistics activity.

The long-term potential of offshore wind also supports industrial decarbonization and clean
hydrogen goals. As U.S. industries electrify and shift toward clean hydrogen and synthetic fuels,
offshore wind can provide a scalable and nearby power source for zero-carbon manufacturing
hubs. This is particularly important in regions with limited land or congested onshore grids, where
offshore wind can supply electrolysis plants, port electrification, or hydrogen pipelines.

Despite significant potential, progress is hindered by systemic bottlenecks. Deployment faces
infrastructure gaps, such as insufficient port staging capacity and deepwater-ready harbors; a
shortage of U.S.-flagged installation vessels compliant with the Jones Act; and underdeveloped
domestic manufacturing for blades, export cables, and foundations. Interconnection and
transmission issues, including congested onshore substations and a lack of coordinated offshore
grid planning, worsen these physical constraints. The absence of advanced ocean-specific
forecasting systems adds operational uncertainty and raises the risk of curtailment as offshore
generation increases. Although turbine technology and financing are advancing quickly, the growth
of infrastructure and grid integration remains out of sync with national goals.

Addressing these obstacles is crucial to turning offshore wind from potential into reality. Achieving
30 GW by 2030 and unlocking floating wind's potential require a coordinated national strategy:
port upgrades, vessel investments, domestic manufacturing support, proactive offshore
transmission planning, advanced forecasting tools, and alignment with emerging flexibility markets
such as energy storage and hydrogen. Only through system-level readiness can offshore wind
resources deliver reliable power, create economic opportunities, and contribute significantly to
climate goals.
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Current Barriers to
Deployment & Integration

The goal of achieving 30 GW of offshore wind capacity by 2030 faces a complex array of systemic
barriers that could hinder the achievement of the national target. The primary challenge lies in
physical infrastructure: U.S. ports and maritime logistics are not yet sufficiently expanded to
support a multi-gigawatt offshore development. Many East Coast and Gulf ports lack deepwater
staging areas suitable for turbine assembly, heavy-lift cranes capable of handling multi-megawatt
nacelles, and ample laydown space for tower sections and blades. Additionally, only one Jones
Act—compliant wind turbine installation vessel, the 472-foot Charybdis, launched in 2024, is
operational as of late 2025, with a few more in early planning stages. The limited number of U.S.-
flagged vessels compels developers to use foreign-flagged ships, raising concerns about
compliance, procurement delays, and higher chartering costs.

Beyond port and vessel limitations, the domestic manufacturing supply chain remains
underdeveloped. Large-scale manufacturing facilities for offshore turbine components—including
blades, monopile foundations, high-voltage subsea cables, and offshore substations—are too few
and lack capacity. While global suppliers continue to dominate the market, dependence on
imports exposes the supply chain to international shipping delays, shortages, and geopolitical
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risks. This creates a bottleneck: even when ports and vessels are ready, the absence of
components can delay deployment. Analysts estimate that nearly half of the offshore wind
projects in development face the risk of delay beyond the 2030 target due to supply chain and
infrastructure challenges.

Transmission and interconnection challenges further increase deployment risks. As offshore wind
capacity expands, the existing terrestrial grid infrastructure becomes strained. Offshore export
cables link wind farms to onshore substations, but many potential landing points already face
capacity constraints. Interconnection queues for bulk power facilities are congested, often
resulting in multi-year delays. The situation is complicated by the lack of a unified federal planning
framework to guide offshore transmission development. Regional grid operators handle
interconnections on a project-by-project basis, leading to inefficiencies, redundant infrastructure,
and duplicated costs. Without centralized planning and cost-sharing mechanisms, developers
might repeat efforts, raising overall system costs and lengthening project timelines.

Permitting and regulatory complexity add to these technical and logistical challenges. While
federal agencies have advanced BOEM leasing for new projects, policy disruptions—such as the
January 2025 pause on new offshore wind leasing and the issuance of permits pending a federal
review—have created uncertainty at critical moments. Permitting timelines for cable corridors,
seabed use, environmental impact assessments, and coastal siting remain lengthy and
disconnected across federal, state, tribal, and local agencies. Developers must navigate a maze of
overlapping regulatory requirements, increasing the risk of delays and legal disputes. Additionally,
tribal consultation frameworks in some regions lack consistency, leading to unexpected delays
even after financial commitments are secured.

Operational challenges in grid management add an extra layer of difficulty. Offshore wind farms
typically experience stronger winds, but they also show greater variability compared to onshore
installations. Forecasting systems designed specifically for ocean wind conditions are still
underdeveloped. Without high-resolution forecasting tools or digital twin platforms, grid operators
and wind farm technicians lack accurate prediction abilities. This shortfall hampers dispatch
planning, increases the risk of curtailment, and leads to conservative reserve scheduling, thereby
reducing overall system efficiency.

Importantly, these infrastructure, regulatory, and operational constraints do not exist in isolation.
Weakness in one area often affects others. For example, a project may secure a lease and turbine
supply agreements but then stall due to extended port readiness timelines. Or developers may
face transmission delays even after completing construction because of a lack of available
interconnection capacity. The growth of project pipelines—now exceeding 70+ GW under active
development across multiple lease areas—reflects interest and intent. However, recent analysis
shows that without significant action, many projects will push into the next decade, raising costs
and undermining confidence in the industry's ability to deliver. In fact, only about 5.8 GW of U.S.
offshore wind is expected to be operational by 2029 based on projects currently under
construction, highlighting how far off the 2030 goal the current path seems.

Macroeconomic trends increase urgency further. Persistent global inflation, high borrowing costs,
and supply shocks worsen project risk, making cost estimates more unpredictable. Additionally,
slim contractor margins and stretched delivery schedules heighten the chances of project
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cancellations or repeated schedule changes. These issues are no longer hypothetical: developers
have already had to adjust project timelines due to supply chain promises that did not materialize,
increasing financial risk. Investor sensitivity to delays is sharp; even small postponements can
significantly increase capital costs, especially in capital-heavy offshore projects. By late 2023,
macroeconomic pressures led to the high-profile cancellation of two major offshore wind projects
(Ocean Wind 1and 2 in New Jersey), as developer @rsted cited surging inflation, interest rates, and
supply chain issues that made the projects unviable. Other projects have also sought contract
relief, and several power purchase agreements in states like Massachusetts and New York were
terminated or renegotiated during 2023-2024 due to economic challenges. These interconnected
financial and policy risks slow momentum just as the industry is growing.

Finally, the fragmentation of policy support and financing mechanisms continues to weaken
momentum. While programs such as investment tax credits and direct pay provisions under the
Inflation Reduction Act create incentive frameworks, their effectiveness depends on execution
readiness. Port support grants, manufacturing stimulus, and maritime workforce development
require timely administration to align with deployment schedules. A misalignment between
financial incentives and physical readiness reduces the impact of policy. In practice, a berth delay
of even 6 months can erode projected returns, making offshore wind less attractive than onshore
alternatives. For example, in 2023, some state regulators declined to adjust offshore wind contract
prices to reflect inflation, leading developers to cancel projects despite available federal
incentives. Such gaps between policy and market reality illustrate the challenge of converting
government support into on-the-ground progress.

These overlapping barriers highlight the scope and urgency of the challenges facing U.S. offshore
wind. Reaching strategic deployment targets will require addressing capacity gaps in ports, vessel
availability, domestic manufacturing, transmission planning, permitting policies, and forecasting
systems. Fragmented efforts will be insufficient. Only a coordinated, systemic, and cross-sector
approach can overcome these barriers and ensure the offshore wind sector remains a key part of
the nation's clean energy transition.
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Port Modernization

& Vessel Development

The speed at which offshore wind can expand in U.S. waters depends heavily on the physical
infrastructure needed to support large-scale deployment. Port upgrades and the development of
Jones Act—compliant installation vessels are essential to this infrastructure. Without investment
and strategic planning in ports and maritime assets, deployment goals stay theoretical rather than
achievable.

First, port capacity urgently needs to be upgraded. Many existing ports lack the deepwater berths,
heavy-lift cranes, large laydown yards, and utilities required for staging multi-megawatt-class
turbine components. The Arthur Kill Terminal in New York is one example of a project receiving
federal support; the U.S. Maritime Administration awarded $48 million in 2022 for dredging and site
preparation. That facility aims to support staging for regional offshore wind farms, although
construction is expected to continue into 2025 and beyond. Similarly, the South Brooklyn Marine
Terminal is being redeveloped to support the Empire Wind projects, with improvements such as
quay expansion, component marshalling areas, and operations and maintenance facilities. (New
Jersey has also invested in a purpose-built Wind Port along the Delaware Bay to serve as a staging
and manufacturing hub, though it is still under construction.)

Despite these developments, NREL estimates suggest that to meet the 2030 target, the United
States will need to invest at least $22 billion in ports, installation vessels, and component
manufacturing facilities. The Department of Energy has supported this by funding multiple port-
related grants and stimulus programs, with approximately $2.1billion allocated in 2023 alone
across vessel orders and port development. However, channeling these resources quickly and
strategically remains a challenge, as federal and state financing pipelines for ports lag behind
project timelines.

The second major challenge is the lack of enough Jones Act—compliant installation vessels. The
Merchant Marine Act of 1920 requires that cargo moving between U.S. ports must be transported
on U.S.-flagged, U.S.-built, and U.S.-crewed vessels. This rule means offshore wind projects must
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depend on a small number of specialized vessels for turbine installation. As noted, as of late 2025,
the United States still has only one operational Jones Act turbine installation vessel, the Charybdis,
with a few others in various planning stages. The construction of Charybdis, completed in 2024 at
an estimated cost of around $715 million, underscores the high capital costs and long lead times
associated with vessel commissioning. Relying on a single vessel creates bottlenecks in project
scheduling and leads to much higher charter rates when foreign-flag vessels are used to add
capacity. NREL analysis shows that a fleet of at least four to six such vessels, each capable of
installing 500-800 MW per year over several years, is needed to support a sustainable build rate
aligned with federal 2030 goals. Until more vessels are built, developers face uncertainty about the
availability, reliability, and cost of installation services. This issue has already caused real impacts:
in 2023, @rsted canceled its 1.1GW and 1.2 GW projects in New Jersey mainly because the absence
of Jones Act WTIVs would have caused multi-year installation delays.

A strong alignment between port modernization and vessel deployment is crucial. Ports upgraded
for offshore operations must coordinate berth availability with vessel schedules. For example, the
Portsmouth Marine Terminal in Virginia has been redevelopment-focused, receiving a multi-
million-dollar grant and being leased to support deployment for the Coastal Virginia Offshore
Wind (CVOW) project. Without synchronized timing between port readiness and vessel availability,
developers face delays even when funding is available.

To support these efforts, federal policy plays a crucial role. The Department of Transportation's
Maritime Administration and the Department of Energy have launched solicitations and lending
programs to accelerate port upgrades and vessel orders. Policy proposals include public—private
partnerships, low-interest federal loans, and grants tied to domestic content requirements.
Strengthening these programs by aligning issuance timelines directly with project lease schedules
could significantly improve coordination between physical readiness and deployment.

Besides funding, proactive zoning and planning around port facilities are crucial. Developers, port
authorities, and municipalities need to collaborate to balance offshore wind operations with
existing port uses—such as cargo import, commercial fishing, and recreation. Regional planning
efforts, supported by energy agencies, can promote fair local growth while ensuring ports develop
into regional staging hubs. Transparency in permitting and engaging communities will help speed
up construction and reduce conflicts.

Finally, workforce readiness and domestic manufacturing capacity must support port and vessel
infrastructure. As ports expand, localized manufacturing facilities—such as the Port of Albany
tower and foundation plant—can ease logistics and enable supply chain integration. Building
turbines, monopiles, transition pieces, and substations alongside port investments creates hubs
where manufacturing, staging, installation, and maintenance converge, reducing shipping
complexity and boosting cost efficiency.

Overall, increasing port infrastructure and vessel capacity is not just a support tool—it is a key
driver for large-scale offshore wind deployment. These combined investments enable logistical
feasibility, lessen supply chain delays, and boost confidence in project execution. Through
effective coordination among federal funding programs, regional planning, and private-sector
investments, ports can evolve into modern offshore wind hubs, while a growing fleet of Jones Act

vessels builds operational reliability and availability.
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Building the Grid Backbone

Offshore
Transmission
Systems

The success of large-scale offshore wind development in the U.S.
increasingly depends on building a strong offshore transmission
backbone that goes beyond the limitations of project-by-project
radial connections. Without coordinated grid planning, the current
approach—where each wind farm negotiates its own export cable
and onshore landing—creates redundancy, inefficiencies, and
delays in interconnections, weakening the overall reliability and
cost-effectiveness of offshore wind integration.

Emerging studies and initiatives by the Department of Energy
(DOE) and the Bureau of Ocean Energy Management (BOEM)
support meshed transmission architectures that connect multiple
wind farms through shared offshore substations and high-voltage
direct current (HVDC) systems. These configurations enable more
efficient infrastructure use, decrease seabed disturbance from
overlapping cable corridors, and facilitate effective transmission
cost sharing across multiple projects and states. The Atlantic
Offshore Wind Transmission Study, along with DOE's 2024 Atlantic
Transmission Action Plan, shows that a coordinated backbone grid
could lower overall integration costs, reduce curtailment, and
enhance network reliability.

Shared transmission hubs provide significant scale benefits.
Instead of each developer building custom subsea cables, meshed
networks centralize collection and export through offshore
substations, enhancing predictability in siting and permitting. Plans
to connect up to 7 GW of offshore capacity via conceptual corridor
infrastructure demonstrate that shared designs reduce the number
of cable routes and better align with state grid needs. With
increasing state-level procurement—such as New York's tender for
at least 4.8 GW and New Jersey's planned 7.5 GW corridor—shared
transmission becomes a structural necessity, enabling multiple
projects to reach shore efficiently.

On the West Coast, where floating turbines will mainly be used,
DOE and BOEM released a West Coast Offshore Wind Transmission
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Action Plan and related grid studies in early 2025, recommending a
phased rollout: starting with radial links to initial Pacific wind
platforms and progressing toward an interregional HVDC network
by 2050 capable of supporting up to 33 GW of offshore generation.
This strategy recognizes deepwater siting challenges and the need
for transmission designs that are resilient to seismic risks, coastal
land shortages, and regional coordination across California, Oregon,
and Washington.

Permitting and policy frameworks must evolve to support shared
systems. BOEM is exploring the inclusion of shared transmission
requirements in future lease tenders to encourage developers to
adopt common infrastructure standards. FERC's updated
transmission planning and cost allocation rules (Order No. 1920,
2024), along with generator interconnection reforms (Order No.
2023, 2023), require grid operators to plan for long-term offshore
wind needs and to promote collective investment approaches. At
the state level, groups such as the New Jersey Board of Public
Utilities have started corridor tenders to pre-build onshore duct
banks and landing sites, reducing project-specific uncertainty and
community impacts.

Technical standardization is also essential. Shared offshore grid
proposals must implement consistent interfaces—such as
converter station technologies, cable voltage classes, grounding
systems, and reliability protocols—to ensure interoperability among
developers and system operators. Without these standards,
transmission cost savings diminish and the risk of stranded assets
increases. Notably, multiple states now require mesh-ready”
transmission designs in solicitation documents and emphasize
coordinated network solutions over radial options.

The eastern seaboard's Atlantic grid coordination efforts reflect
this urgency. States, including New York, New Jersey,
Massachusetts, and other New England jurisdictions, are beginning
to coordinate procurement and planning. An Atlantic offshore grid
connectivity initiative under development aims to map backbone
routes, shared landing zones, and interconnection sites into
regional grid studies, reducing redundancy and optimizing routing.
Reports estimate that meshed systems could save one to two
years in permitting and interconnection time compared to radial
systems, which often face sequential delays.

A meshed offshore grid also boosts resilience and resource
availability. Networked transmission systems enable flexible
redistribution of power across offshore sites and multiple onshore
connection points, easing the load on weaker landing zones. During
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periods of variable wind output, energy injection can be shifted
between points to meet demand, reducing curtailment and
stabilizing price signals. Connectivity between offshore substations
also provides alternative routing in the event of cable faults or
maintenance outages, thereby enhancing power delivery reliability
and grid stability.

Implementation obstacles still exist. Coordinating across multiple
jurisdictions is complicated and often inconsistent. The permitting
process involves different regulatory agencies, complex
environmental reviews, and possible opposition from coastal
communities. Establishing cost-sharing agreements among states
and utilities requires new regulatory frameworks, which are not
always in place. Financing shared infrastructure also needs clear
agreements on asset ownership, risk distribution, and revenue
sharing among competing developers.

Despite these challenges, momentum is increasing. DOE and BOEM
are continuing to develop institutional frameworks through
coordinated Action Plans for both Atlantic and West Coast regions,
while private interest in right-of-way proposals and transmission
backbone corridors is rising. The long-planned Atlantic Wind
Connection proposal and other early-stage corridor ideas indicate
industry willingness to collaborate on shared infrastructure models.
Similarly, grid operators and state regulators are starting to
incorporate offshore transmission needs into long-term planning
and procurement frameworks.

Successfully scaling offshore wind deployment will require
transitioning from isolated project connections to a coordinated
national offshore grid backbone. This system-level approach lowers
costs, enhances reliability, speeds up permitting, and enables more
predictable connections between offshore generation and onshore
demand centers. As transmission planning shifts from reactive to
strategic, U.S. offshore wind can evolve from a collection of
standalone projects to a connected energy system capable of
supporting regional decarbonization and resilience goals.

The U.S. needs a shared offshore transmission backbone instead of
individual radial cables to make offshore wind cheaper, faster, and more
reliable. DOE and BOEM support meshed HVDC networks that connect
multiple wind farms, reduce permitting delays, improve grid resilience,
and better coordinate state-level projects on both coasts. Challenges
remain with permitting, coordination, and cost-sharing, but momentum
is building toward a unified national offshore grid.
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Forecasting & Grid
Management Innovations

The integration of large-scale offshore wind into the U.S. electrical grid increasingly relies on
improvements in forecasting accuracy and grid management tools designed for marine wind
conditions. Offshore wind resources naturally have high energy potential, but their variable and
unpredictable nature creates forecasting difficulties that can harm reliability, raise reserve costs,
and increase curtailment risks. Solving these issues requires innovative forecasting techniques and
digital simulations that improve predictability and resilience.

Recent initiatives have accelerated measurement and modeling efforts to improve short-term and
day-ahead forecasts of offshore wind speed and power output. The third Wind Forecast
Improvement Project (WFIP3), launched in early 2024, is gathering high-resolution oceanic,
weather, and wildlife data near proposed and active lease areas off the Northeastern U.S. coast.
This multi-season field campaign uses LIDAR buoys and meteorological sensors to improve
offshore atmospheric models. The resulting open-access datasets are key inputs for better
forecasting algorithms and grid planning tools.

Emerging physics-guided machine learning models, such as AIRU-WRF and DeepMIDE, are pushing
the boundaries of offshore wind forecasting. AIRU-WRF combines numerical weather prediction
with local observations to deliver highly detailed short-term forecasts in the U.S. Mid-Atlantic and
Northeast offshore regions. DeepMIDE is a multivariate spatio-temporal deep learning architecture
designed to predict wind speeds across space, time, and vertical heights, providing forecasts that
surpass traditional time-series and statistical models. These methods enable more precise
generation scheduling and more flexible forecasting, reducing uncertainty for system operators.

Digital twin platforms further change how floating and fixed offshore wind farms are operated.
These virtual replicas combine real-time sensor data, environmental inputs, and performance
models to simulate farm behavior under different conditions, including severe weather events.
Predictive digital twins enable condition-based maintenance and anomaly detection, helping to
extend asset life, boost efficiency, and reduce unexpected downtime. These tools can also
optimize turbine orientation, yaw control, and load balancing in real time, leading to measurable
energy gains and operational cost savings.

Ocean-specific initiatives are gaining momentum. The WFIP3 campaign supports forecasting
improvements by providing site-specific meteorological data needed to calibrate models for
coastal wind regimes. At the same time, industry and academic research are advancing digital twin
technology tailored for floating offshore turbines—an essential step given the growing interest in
deepwater development. These innovations enable predictive maintenance strategies that can
identify mechanical failures hours in advance, boosting system reliability and lowering the high
costs of offshore operations.

For grid operators, integrating these digital tools has broader implications. Improved forecasting
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accuracy enables more precise tuning of reserve margins, reducing over-procurement of backup
capacity and cutting operational costs. Enhanced predictability also lessens curtailment by better
aligning dispatch and market signals with expected injection profiles. Real-time digital twins
provide situational awareness to developers, turbine operators, and transmission planners,
enabling coordinated responses to weather events, maintenance needs, and generation
variability—thereby boosting grid resilience.

Furthermore, integrating forecasting and digital twin models with grid simulation platforms
enhances advanced grid management planning. Operators can simulate different dispatch
scenarios, test contingency protocols, and assess interconnection options across various wind
generation levels. This analytical ability becomes especially important in meshed offshore
transmission setups where inter-regional coordination and congestion management are critical.

Yet despite these promising developments, implementation remains uneven. Many current
forecasting frameworks depend on models designed for onshore wind and are not specifically
tuned for ocean-derived wind regimes. Adoption of digital twin technology varies among
developers, and the costs of implementation are still high for smaller project operators. Regulatory
frameworks do not yet require standardized use of forecasting accuracy metrics or the integration
of digital twins across offshore lease portfolios. Without coordinated adoption, the advantages of
advanced forecasting and virtual modeling may stay localized, limiting their systemic impact on
the grid.

Advancing forecasting and grid management capabilities, therefore, requires strategic action.
Regulators and grid operators should incorporate standardized forecasting performance metrics
into interconnection requirements. Public investment in measurement campaigns and modeling
infrastructure should continue, with data openly accessible to academic and commercial
innovators. Offshore wind leases can include operational milestones linked to improvements in
forecasting and the deployment of digital twins. Furthermore, stakeholder collaboration among
turbine manufacturers, meteorologists, developers, and system operators is crucial to bridging
technology gaps, validating tools, and achieving system benefits at scale.

In summary, advances in forecasting and grid management are key enablers for the successful
integration of offshore wind. When combined with physical deployment strategies and energy
flexibility solutions, these digital and analytical capabilities turn offshore wind power from a high-

potential resource into a reliably managed part of the national energy mix.




Energy Storage & Green
Hydrogen Solutions

Integrating offshore wind at scale into U.S. electricity systems requires solutions that address the
inherent variability and limited dispatchability of wind power. Without strategies to absorb excess
energy, balance supply and demand, and provide dispatchable flexibility, large amounts of
offshore wind could lead to curtailment, increased grid instability, and lower revenue certainty. A
strong framework that includes energy storage, green hydrogen, and adaptable infrastructure is
crucial to unlocking the full potential of offshore wind.

Battery energy storage systems (BESS), traditionally installed near land-based solar and wind
farms, can also be placed at export substations near coastal hubs to buffer fluctuations in offshore
wind output. These systems can deliver ancillary services such as frequency regulation, voltage
support, and short-term peak shifting. Projects in development plan for mid-scale battery
systems ranging from 50 to 200 MWh that absorb excess power and smooth ramping events. The
emerging use of long-duration storage technologies—such as flow batteries or compressed air
energy storage—provides several hours of dispatchable power, enabling grid balancing during
periods of low wind or high demand.

Green hydrogen production offers a significant flexibility benefit when paired with offshore wind
deployment. Electrolyzers placed in coastal ports or on floating platforms can convert surplus
wind energy into hydrogen, which can then be stored, transported via pipeline, or turned into
ammonia for industrial use or export. Projects being explored in the U.S. Northeast and along the
West Coast include hydrogen pipeline networks connecting floating platforms with port hubs.
Hydrogen provides dual benefits: stabilizing offshore wind power and enabling new applications in
transportation, heating, industrial feedstocks, and seasonal storage.

Floating electrolyzer platforms are emerging as an innovative integration model. These modular
units, connected directly to offshore turbines, can produce hydrogen offshore without depending
on land-based grid connections. When grid access is delayed or limited, floating electrolysis offers
a flexible way to monetize power and separate hydrogen infrastructure from land permitting
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timelines. Pilot-level techno-economic studies show potential cost savings and less infrastructure
complexity compared to onshore setups.

Port electrification adds a flexible tool. Electrified port terminals with on-site energy storage can
serve as controllable loads, absorbing offshore wind power during periods of surplus. Ports
support industrial and transportation needs—including electric ship charging, crane operations,
and hydrogen fueling—enabling demand-side flexibility to complement grid-based storage.
Developing port electrification alongside hydrogen infrastructure also boosts local economic
growth by creating new clean-energy jobs and attracting industrial investments.

Economically, flexible infrastructure enhances project viability. Modeling indicates that moderate
battery systems colocated with offshore wind farms can capture valuable price arbitrage
opportunities, maximizing revenue during peak demand periods and reducing revenue risk during
overproduction. Access to hydrogen offtake contracts with industrial or utility customers offers
long-term revenue stability, helping to mitigate merchant exposure. Both mechanisms help reduce
curtailment, limit reserve requirements, and improve reliability, thereby lowering systemic
integration costs.

Despite clear value, several challenges hinder scalability. Battery storage near ports faces
permitting barriers, land constraints, and environmental review processes. Green hydrogen
systems, especially offshore or floating technologies, need electrolyzer designs that withstand
wave motion, corrosion from marine environments, and variable power input. Offshore-to-
hydrogen pipelines also raise siting, safety, and regulatory concerns. Meanwhile, electricity
markets in most states still do not provide appropriate capacity credits or ancillary service
benefits for hydrogen or storage assets comparable to those for traditional generation.

Advancing flexible solutions requires strategic, coordinated action. Regulatory frameworks should
incorporate storage and hydrogen assets into interconnection and capacity markets, with
performance-based metrics linked to dispatchability and reliability. Offshore wind lease
agreements can include integration milestones—such as minimum battery storage capacity or
hydrogen production capabilities—as approval conditions. Federal and state funding programs
should support pilot projects, especially floating electrolyzer demonstrations and port
electrification initiatives that use offshore wind power for hydrogen production. Power purchase
agreements can also incorporate dynamic pricing structures that favor flexible dispatch or
hydrogen generation during periods of wind surplus.

Cross-sector research partnerships can verify technologies in real-world settings. Pilot projects
involving offshore electrolyzers, port-based storage, and integrated offshore-to-onshore
hydrogen pipelines would provide operational data to guide regulatory updates. These projects
also present opportunities to test hybrid scheduling protocols that combine electricity and
hydrogen markets. Collaboration among wind developers, grid operators, electrolyzer
manufacturers, port authorities, and regulators is crucial for establishing the institutional and
technical frameworks for these systems.

In conclusion, energy storage and green hydrogen form the foundation of flexible offshore wind deployment.
By pairing offshore wind generation with buffering and demand-absorption infrastructure, developers can
ensure that power is not only produced at scale but also delivered and dispatched reliably. This system-level
approach transforms offshore wind from intermittent power into a reliable, market-integrated resource
capable of supporting decarbonization, grid resilience, and economic growth.
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ATLANTIC OFPSHORE TRANSMSTION PROPSSAL

Case Studies
Real World Applications
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CASE STUDY # 1

Vineyard Wind

Massachusetts

Vineyard Wind, one of the first large-scale U.S. offshore wind farms in federal waters, highlights the
complex relationship between infrastructure readiness and project execution. Its onshore staging
operations at the New Bedford Marine Commerce Terminal exemplify one of the first purpose-
built ports for offshore wind deployment in the United States. The facility manages component
handling, turbine assembly, and export cable staging.

Despite being among the most advanced port setups, Vineyard Wind faced early delays due to
limited vessel availability. Installation schedules were disrupted when a series of logistical
challenges—including late nacelle deliveries and export cable delays—forced revisions of
construction plans. Dependence on scarce Jones Act—compliant vessels created bottlenecks,
leading to contract reissuances at higher costs. These issues pushed the project timeline back by
more than 6 months, highlighting how even well-funded early projects can struggle when physical
readiness is limited.

Grid interconnection added further complexity. Vineyard Wind's export cables landed in
Massachusetts and connected to ISO-NE's Sea2Shore substation—issues with the onshore
substation upgrade and slow permitting for the cable landfall delayed integration timelines.
Scheduling changes in ISO interconnection queues reflected broader system congestion, as
several offshore projects simultaneously negotiated interconnection agreements. The overall
effect reduced investor confidence and led to the inclusion of risk-mitigation clauses linked to
delay penalties.

This case emphasizes the need for synchronized port readiness, vessel availability, and
coordinated grid planning. Although the project ultimately reached initial commercial operation in
2024, it did so only after significant re-sequencing and cost increases. Vineyard Wind started
delivering power to the grid in mid-2024, becoming the nation's first commercial-scale offshore
wind farm. However, without an integrated deployment framework, each component operates in
isolation—amplifying risk instead of reducing it.
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CASE STUDY # 2

Humboldt Call Area

California

California's Humboldt Call Area, designated by BOEM as one of the earliest floating wind lease
zones, provides insights into emerging integration challenges on the West Coast. The area is
located roughly 20—-30 miles offshore of Humboldt Bay, with water depths exceeding 60 meters
and a steep drop-off at the continental shelf. Developers plan floating wind installations in this
zone to help reach the state's 15 GW floating wind target by 2035.

Habitat and initial infrastructure planning have progressed simultaneously. The California State
Lands Commission has partnered with the ports of Humboldt Bay and Long Beach to invest in port
infrastructure to support large floater assembly, heavy-lift staging, and export operations. The
Humboldt Bay Harbor District is developing a heavy-lift multipurpose marine terminal to support
offshore wind tasks, including heavy vessel access, crane capacity, and barge mooring. A

$427 million package for site upgrades was secured in early 2024 to implement key infrastructure
on a timeline aligned with early site surveys. Additionally, the California Legislature allocated
$225.7 million in 2025 to upgrade other ports for offshore wind development, demonstrating the
state's commitment to expanding essential infrastructure.

However, the development process remains long and complex. BOEM finished the lease
environmental assessment for Humboldt in 2022, but turbine installation is not expected until the
early 2030s. The upcoming multi-year sequence includes environmental consultations, permitting
under the California Environmental Quality Act (CEQA), and extensive infrastructure
development—spanning nearly a decade before the first power is generated. Meanwhile,
transmission planners at CAISO have only allocated 1.6 GW of offshore wind capacity for Humboldt
Bay through 2039, despite California’s official offshore wind goal of 25 GW by 2045. California’s
coordination challenges highlight the longer lead time for floating wind and the urgent need for
parallel planning across port readiness, transmission reservations, and lease-to-power
development. Without faster port upgrades and clearer interconnection processes, floating wind
projects risk falling behind the timeline necessary to meet the 2035 target.

Where Markets Meet Insights



CASE STUDY # 3

Atlantic Offshore
Transmission Proposal

The idea of a shared offshore transmission backbone has emerged as a practical, system-wide
solution to address interconnection inefficiencies along the U.S. East Coast. Currently, projects like
Vineyard Wind, Revolution Wind, and SouthCoast Wind each pursue separate export cable routes
and interconnection agreements within regional ISO frameworks, resulting in duplicated assets and
permitting processes.

The Atlantic offshore transmission backbone proposal presents a scalable alternative: a meshed
grid network supporting multiple offshore wind farms with shared offshore substations and HVDC
links to onshore hubs. This design would minimize seabed disruption, streamline project
interconnection points, and distribute grid costs across many projects. Policy discussions under
BOEM and DOE have examined regulatory frameworks for approving shared infrastructure and
enabling cost-sharing models among private developers and public utilities.

A centralized approach anticipates fewer redundant cable routes, simplified permitting, and lower
overall system costs. It also speeds up project delivery by separating individual project timelines
from single-project cable permitting delays. Although still in the conceptual stage, multiple East
Coast states in 2023-2024 have begun reviewing regulatory revisions to support offshore grid
networks, and early inter-agency coordination is underway. Early modeling suggests that a
coordinated backbone could cut interconnection-related delays by over a year for late-stage
offshore projects.

Where Markets Meet Insights
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Strategic Outlook

Aligning Policy, Infrastructure, and Innovation

To realize the full potential of U.S. offshore wind and achieve federal and state goals,
stakeholders must move from isolated projects to a coordinated system-level
approach. Aligning strategies across ports, transmission, forecasting, and flexibility
infrastructure provides the best route for scalable deployment that supports climate
objectives, grid reliability, and economic growth.

Port modernization and vessel development remain essential. Accelerating investment
in deepwater port facilities should be prioritized through public—private partnerships
that coordinate funding with project timelines. Similarly, expanding the fleet of Jones
Act—-compliant installation vessels is crucial. Policy mechanisms should connect port
grant programs and vessel financing initiatives to offshore lease schedules, ensuring
infrastructure readiness aligns with turbine procurement.

Grid infrastructure must shift from fragmented interconnection planning to a shared
offshore transmission backbone. Supporting meshed HVDC interconnects and offshore
substations will allow multiple wind farms to be connected via shared cable corridors.
Regulatory reforms, including FERC's new long-term transmission planning rules, should
incorporate offshore wind into regional grid plans. Coordinated corridor tenders and
presited interconnection hubs can reduce permitting complexity and accelerate
deployment.

Operational performance depends heavily on digital innovation. Standardized metrics
for forecasting accuracy and digital twin deployment should be included in
interconnection and lease agreements. Public investment must continue to support
field campaigns and open-access datasets to calibrate advanced forecasting models
specific to ocean wind patterns. Developers and grid operators should be encouraged
or mandated to implement digital twins and real-time control systems as part of their
commercial operations for new projects.

Energy system flexibility is essential for maximizing offshore wind's full potential.
Regulatory frameworks should formally include battery storage and green hydrogen
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production facilities in capacity and ancillary service markets, treating them similarly to
traditional generation. Offshore wind lease agreements could incorporate flexibility
milestones—such as minimum collocated storage or electrolyzer capacity—to ensure
integration capabilities expand alongside generation capacity. Power purchase
agreements should feature dynamic pricing signals to incentivize flexible dispatch or
hydrogen production when excess wind energy is available.

The case for hydrogen integration is especially strong. Incentives and financing should
focus on innovative solutions like floating offshore electrolyzers, dedicated hydrogen
pipelines, and port-based hydrogen hubs. Pilot projects for floating hydrogen
production and offshore-to-port hydrogen transport can provide evidence to guide
regulations and reduce perceived risks. Collaboration among developers, port
authorities, energy agencies, and hydrogen users will be essential for increasing
conversion capacity and securing long-term offtake agreements.

Workforce and supply chain strategies should not be overlooked. Federal and state
support programs must coordinate investments in domestic manufacturing of blades,
foundations, cables, and electrolyzers with regional port and vessel development plans.
Investments in training and workforce development are essential to establish the
necessary maritime, manufacturing, and engineering skill base. Creating regional hubs
where manufacturing, assembly, and installation activities are collocated will improve
logistics, enhance industrial resilience, and provide community benefits.

Institutionally, strong governance models are essential. Coordination among DOE, BOEM,
FERC, MARAD, and state energy offices should be formalized through an offshore wind
council or task force. Multi-state agreements can align corridor planning, cost-sharing,
and market rules. Transparent public dashboards tracking project and infrastructure
readiness could boost accountability and signal risks early to private-sector
stakeholders.

Time is a limiting factor. Nearly half of the current pipeline risks missing the 2030
deployment deadline, and delayed investment or weak coordination could hinder U.S.
progress for years. A systems-level strategy that connects infrastructure readiness,
regulatory clarity, operational innovation, and flexible design is not just ideal—it is vital
to turn offshore wind from an aspirational capacity into dependable, dispatchable
energy. Recent federal policy shifts (such as moves in 2025 to scale back renewable
energy support) further underscore the importance of state leadership and public-
private coordination to keep offshore wind plans on schedule.

By aligning policy, infrastructure, forecasting, and flexibility mechanisms, the U.S. can
position offshore wind as a strategic national asset. A cohesive, coordinated approach
ensures that ambition turns into action and that investment in offshore wind delivers
maximum economic, environmental, and energy system benefits in the coming years.
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Acteon Blog

Al-Enabled Digital Twins for Cost-Effective Offshore Wind Farms, 2024
https://acteon.com/blog/ai-enabled-digital-twins-for-cost-effective-offshore-wind-farms

American Clean Power Association

Offshore Wind Energy Market Report 2024 Dec. 2024
https://cleanpower.org/resources/offshore-wind-market-report-2024/

Bipartisan Policy Center

Windy Waters: Unlocking the Potential of U.S. Offshore Wind July 2021
https://bipartisanpolicy.org/download/?file=/wp-content/uploads/2021/07/BPC_ _OSW _IssueBriefV5-1.pdf

BOEM

California Floating Offshore Wind Regional Ports Assessment 2023
https://www.boem.gov/sites/default/files/documents/renewable-energy/studies/BOEM-2023-010.pdf

BOEM Press Release

Next Steps for Proposed Mid Atlantic Wind Energy Transmission Line 2024
https://www.boem.gov/newsroom/press-releases/boem-announces-next-steps-proposed-mid-atlantic-wind-energy-transmission

Business Network for Offshore Wind & Grid Strategies

Offshore Wind Transmission White Paper, Jan. 2023
https://gridstrategieslic.com/wp-content/uploads/business-network-osw-transmission-white-paper-final.pdf

CAISO

2024 2025 Transmission Planning Process Results 2024
https://stakeholdercenter.caiso.com/RecurringStakeholderProcesses/2024-2025-Transmission-planning-process

DOE and BOEM

West Coast Offshore Wind Transmission Action Plan, Jan. 2025
https://www.law.berkeley.edu/wp-content/uploads/2025/03/WestCoast_OSW_Transmission_ActionPlan_01-17-25.pdf

DOE and BOEM

An Action Plan for Offshore Wind Transmission Development in the U.S. Atlantic Region, Apr.2024
https://www.energy.gov/sites/default/files/2024-04/Atlantic_Offshore_Wind_Transmission_Plan_Report_v16_RELEASE_508C.pdf

Energy Informatics Journal

Predictive Digital Twin for Offshore Wind Farms Mar. 2023
https://energyinformatics.springeropen.com/articles/10.1186/s42162-023-00257-4
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Maritime Executive

Offshore Power Agreements Delayed Citing Uncertainties in US Policy July 2,2025
https://www.maritime-executive.com/article/offshore-power-agreements-delayed-citing-uncertainties-in-us-policy

National Oceanic and Atmospheric Administration / DOE

3rd Wind Forecast Improvement Project (WFIP3) 2024
https://psl.noaa.gov/renewable_energy/wfip3/

National Renewable Energy Laboratory

A Digital Twin Solution for Floating Offshore Wind Turbines FY 2024
https://www.nrel.gov/docs/fy240sti/89003.pdf

National Renewable Energy Laboratory

A Supply Chain Road Map for Offshore Wind Energy in the United States May 2023
https://www.nrel.gov/docs/fy23osti/84710.pdf

National Renewable Energy Laboratory

A Supply Chain Road Map for Offshore Wind Energy in the United States 2023
https://www.nrel.gov/wind/offshore-supply-chain-road-map

National Renewable Energy Laboratory

Offshore Wind Energy Technical Potential for the Contiguous United States Aug. 2022
https://www.nrel.gov/docs/fy220sti/83590.pdf

National Renewable Energy Laboratory

Offshore Wind Market Report: 2024 Edition Aug. 2024
https://www.nrel.gov/docs/fy240sti/90525.pdf

National Renewable Energy Laboratory

Supply Chain Road Map for Offshore Wind Energy, May 2023
https://www.nrel.gov/docs/fy230sti/84840.pdf

NREL

Considerations for Offshore Wind to Hydrogen Systems in the United States Sep. 2024
https://www.nrel.gov/docs/fy250sti/91273.pdf

NREL

Offshore Wind Market Report: 2024 Edition Aug. 2024
https://www.nrel.gov/docs/fy240sti/90525.pdf
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NREL

Offshore Wind Turbines Offer Path for Clean Hydrogen Production Mar. 2025
https://www.nrel.gov/news/detail/program/2024/offshore-wind-turbines-offer-path-for-clean-hydrogen-production

NREL & PNNL

West Coast Offshore Wind Transmission Study, Jan. 2025
https://www.pnnl.gov/projects/west-coast-offshore-wind-transmission-study

NREL

West Coast Ports Strategy Study for Offshore Wind 2025
https://www.nrel.gov/wind/west-coast-ports

OffshoreWind.biz

California Ports Forge Partnership to Advance Floating Offshore Wind Dec. 19,2024
https://www.offshorewind.biz/2024/12/19/california-ports-forge-partnership-to-advance-floating-offshore-wind/

OffshoreWind.biz

Half of US Offshore Wind Pipeline at Risk of Delays Beyond 2030 Jan. 24,2023
https://www.offshorewind.biz/2023/01/24/half-of-us-offshore-wind-pipeline-at-risk-of-delays-beyond-2030-report/

Reuters

Launch of US wind installation vessel masks critical shortage June 13,2024
https://www.reuters.com/business/energy/launch-us-wind-installation-vessel-masks-critical-shortage-2024-06-13/

Reuters

U.S. sets out cost benefits of offshore wind grid ahead of rule changes Apr. 18,2024
https://www.reuters.com/business/energy/us-sets-out-cost-benefits-offshore-wind-grid-ahead-rule-changes-2024-04-18/

U.S. Department of Energy, DOE

Partners Kick Off Groundbreaking Initiative to Improve Accurate Forecasting and Ensure Sustainability of U.S. Offshore
Wind Farms Feb. 15,2024

https://www.energy.gov/eere/articles/doe-partners-kick-groundbreaking-initiative-improve-accurate-forecasting-and-ensure

U.S. Department of Energy

Offshore Wind Market Report: 2024 Edition Aug. 2024
https://www.energy.gov/eere/wind/offshore-wind-market-report

U.S. Department of Energy

Atlantic Offshore Wind Transmission Action Plan Mar. 21,2024
https://www.energy.gov/gdo/atlantic-coast-offshore-wind-transmission-planning
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About Vedeni Energy ' “ ™

C Vedeni Energy offers specialized services designed to help businesses navigate the
S complexities of the modern energy landscape. Our offerings are tailored to meet the unique
needs of utilities, independent power producers, regulatory bodies, and other stakeholders,
VedeniEnergy ensuring success through strategic insights, expert guidance, and innovative solutions.

Vedeni.Insights+ is Vedeni Energy’s subscription-based service, granting subscribers full
E, access to Vedeni Energy’s extensive library of whitepapers and in-depth technical analyses.
These authoritative resources offer comprehensive examinations of the energy sector's critical
topics, from market trends and regulatory changes to emerging technologies and strategic
investment opportunities.

Vedeni.Insights+

intelligence that enables clients to make informed decisions confidently. Our expert analysis
and reporting distill complex energy market information into clear, concise insights, helping
Vedeni.lQ+ organizations elevate their market strategies, influence policy, and identify new opportunities.

l» Vedeni Energy’s Vedeni.lQ+ service provides actionable wholesale electric power market

established companies secure the capital funding necessary for growth and success. Our team

r “ Vedeni.Spark+, a service provided by Vedeni Energy, is designed to help startups and
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Vedeni.Spark+

TO LEARN MORE, VISIT US AT
WWW.VEDENI.ENERGY

Q@00


http://www.vedeni.energy/
http://www.twitter.com/Patrick18943071
http://www.linkedin.com/company/vedeni-energy
https://wa.me/19853029098
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