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A Letter from the American Jobs Project
California is ready for a new vision and bold leadership. We are faced with dire and complex
challenges that include eliminating poverty and averting a climate crisis. To solve these
challenges, state leaders must embrace new ideas, industries, and policies to create the economic
and environmental future we deserve.
Offshore wind can be California’s next legacy—a new industry, built from the ground up, that
invites shared prosperity, spurs innovation, and respects our natural treasures.
Although California typically leads on climate and renewable energy issues, we are late to the
game on offshore wind. Offshore wind has already taken off in Europe, Asia, and now the
United States. Governors from New York, Massachusetts, New Jersey, and others are competing
for this new market—setting offshore wind targets, creating new programs, and recruiting firms
to their state. 1
While not first, California can still lead, especially in the deployment of floating offshore wind
turbines on the Pacific Coast. We have Silicon Valley in our backyard; more venture capital than
any other state; a diverse workforce, the brightest minds in the technology, engineering, and
environmental communities; and one of the strongest wind resources in the nation. 2 Because
offshore wind is ready to be deployed and firms want to invest in our state, it is time to seize this
opportunity.
To be clear, creating an offshore wind industry in California will require significant time and
investment. It is unlike any industry we have seen, as it calls for collaboration between an
unprecedented number of agencies and stakeholders across the federal, state, and local levels.
Infrastructure investments and innovations will be needed to retool and revitalize ports and build
new transmission lines. Tradeoffs will inevitably be made: What are the environmental concerns
with offshore wind development? How will offshore wind impact competing uses of ocean
resources?
If the climate and economic benefits justify the investments in offshore wind, then California's
leaders will have other critical questions. How can California become a leading hub for offshore
wind deployment? What values do we want this industry to reflect? How will we build an
inclusive economy that creates opportunities for all Californians?
This report analyzes the potential economic benefits of a California offshore wind industry and
provides state and local leaders with high-level strategies to facilitate innovation, help businesses
grow, and develop the workforce. The American Jobs Project empowers state and local leaders
to build prosperous and equitable renewable energy economies that will transform our nation’s
energy future.

American Jobs Project

2

Table of Contents
About Us .........................................................................................................................................4
American Jobs Project ............................................................................................................. 4
Schatz Energy Research Center, Humboldt State University .............................................. 4
Pacific Ocean Energy Trust ..................................................................................................... 4
BVG Associates ......................................................................................................................... 4
Acknowledgments ..........................................................................................................................5
Executive Summary .......................................................................................................................7
Summary of Policy Recommendations ................................................................................... 8
California’s Opportunity in Offshore Wind..............................................................................10
What is Offshore Wind?......................................................................................................... 10
Recent Offshore Wind Developments in California ............................................................ 11
Why Develop Offshore Wind in California? ........................................................................ 14
State Assets to Support Offshore Wind Cluster Development ................................................20
The Benefits of Cluster-Based Development ........................................................................ 20
California Offshore Wind Development Scenarios: 2019 to 2045 ...........................................26
Policy Recommendations.............................................................................................................29
Policy 1: Appoint a California Offshore Wind Czar ............................................................ 29
Policy 2: Set a Market Acceleration Target and Establish a Comprehensive Approach to
Offshore Wind Studies .......................................................................................................... 34
Policy 3: Establish a Phased Approach to Offshore Wind Workforce Development........... 39
Policy 4: Align Innovation and Access to Capital Policies with Industry Needs ................. 42
Policy 5: Upgrade Ports and Establish Port Innovation Districts ......................................... 46
Call to Action ................................................................................................................................50
Appendix A: Job Estimates and Economic Impact Methodology ...........................................52
Appendix B: Technology Spotlight: Airborne Wind ................................................................57
Appendix C: References for Infographics .................................................................................58

American Jobs Project

3

About Us
American Jobs Project
The American Jobs Project is a nonprofit, nonpartisan, think-and-do tank focused on creating
good-paying jobs in advanced energy and manufacturing through a bottom-up, data-driven, 360°
economic development approach. Our experts tailor best practice strategies for bolstering
advanced energy and manufacturing, identify assets across the value chain, estimate an
industry’s job-supporting potential, and support stakeholder-led initiatives by communicating
ideas and analyses. Through engagement with a broad cross-section of stakeholders, we develop
a shared vision of effective strategies to leverage the unique competitive advantages offered by
each state and generate positive economic impacts.

Schatz Energy Research Center, Humboldt State University
The Schatz Energy Research Center at Humboldt State University is working to establish clean
energy technologies in our society. The Center, which was established in 1989, specializes in
renewable energy, energy efficiency, and clean transportation systems. The work carried out by
their team of over forty team members, including faculty, professional staff, and students,
involves research and development, technology demonstration, project development, energy
systems analysis, and education and training. In addition, they perform feasibility studies,
resource assessments, and energy planning studies.

Pacific Ocean Energy Trust
Pacific Ocean Energy Trust (POET) is a 501(c)(3) organization committed to the responsible
development of marine renewable energy in the Pacific Region. Growing out of the Oregon
Wave Energy Trust, POET brings ten years of experience working on issues relating to marine
renewable energy development, with a special emphasis on policy and regulatory matters, better
understanding of environmental effects of marine renewables, and stakeholder engagement.
POET supports the development of all types of marine renewable technologies including
offshore wind, tidal, and wave energy.

BVG Associates
BVG Associates is an independent consultancy with a global outlook, specializing in the
technology, industrialization, and economics of wind and marine energy generation systems.
They are driven by a desire to make a real difference in the global renewable energy industry,
delivering insight that comes from over 140 years of staff experience. Their team has the best
objective knowledge of the market and supply chain for offshore wind, wave, and tidal energy.
Their significant client base spans government, enabling bodies, investors, developers, turbine
manufacturers, and other companies across the supply chain.
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Executive Summary
California’s offshore wind resources represent a significant opportunity to improve grid
reliability, achieve clean energy and climate goals, and grow a new industry with a valuesdriven framework. If California pursues cluster-based strategies to achieve 18 GW of offshore
wind, the state could support over 17,500 full-time equivalent jobs in 2045.
The wheels are in motion for California's offshore wind industry. At the start of 2019, the first
phases of the federal leasing process are underway—potentially leading to a lease for offshore
wind as early as 2020—and domestic and international firms are eyeing California’s market and
creating strategic partnerships. Two entities, the Redwood Coast Energy Authority (RCEA) and
Castle Wind, have proposed projects off the coast of Humboldt County and San Luis Obispo
County, respectively.
Developer interest is warranted: With 112 GW of technical offshore wind resource potential
along its coastline—enough to supply about 1.5 times the state’s annual electric energy use—
California has the eighth-highest resource potential in the United States. 3 As the state moves
toward a zero-carbon electricity mix in 2045, offshore wind can provide value to the grid by
balancing solar generation. Floating offshore wind technology, which is better suited for
California due to its deep waters, is relatively new but has demonstrated impressive capacity
factors. Scientists project that California’s floating offshore wind turbines could reach capacity
factors of over 70 percent, in other words, generating 70 percent of their maximum theoretical
output. This capacity factor is two to three times that of solar, nearly twice that of land-based
wind, and even greater than that of coal. 4
In addition to grid reliability, offshore wind offers a number of other benefits to Californians,
including the opportunity to develop a new industry from the ground up. We estimate that if
California were to install 18 GW of offshore wind capacity by 2045, the state could support over
17,500 jobs in the offshore wind industry, related downstream industries, and surrounding
economy in that year. However, the state will need to guide industry growth with a cluster-based
approach: creating market certainty, training workers, and facilitating connections in its
innovation ecosystem, among other strategies. Working hand in glove with key federal
stakeholders such as the U.S. Navy will be needed to create win-win solutions for less restrictive
maritime development.
Through extensive research and over forty interviews with stakeholders and experts in
California, the authors assessed the current challenges and opportunities for offshore wind
development. The report:
• Summarizes offshore wind activities in California to date;
• Presents the benefits of offshore wind in California;
• Outlines cluster-based strategies for economic development and current competitive
advantages;
• Details development scenarios for offshore wind industry growth from 2019 to 2045 and
associated economic impacts; and
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•

Suggests policy recommendations to pursue and investigate offshore wind in a holistic
manner.

Summary of Policy Recommendations
The report culminates in high-level recommendations for California’s leaders based on best
practices in the United States and abroad. We recommend that the state bring a systems-level
approach to offshore wind development that sets a broad vision for industry growth and
considers near- and long-term industry needs and opportunities. While each recommendation can
be viewed as a stand-alone option, the recommendations are intended to be complementary and
would be more powerful if adopted as a package.
Policy 1: Appoint a California Offshore Wind Czar
Growing California’s offshore wind industry will require comprehensive logistics and holistic
planning efforts across the state, federal, and international levels. The governor should consider
appointing a California Offshore Wind Czar to create and lead a vision for growth that aligns
with the values of Californians and to serve as the primary point of contact for California’s
strategic offshore wind efforts. The Czar could be responsible for coordinating activities among
state agencies, fostering community programs, advocating for policy and procedural changes in
the federal leasing process, building international relationships for knowledge exchange, and
capturing domestic and foreign direct investment opportunities.
Policy 2: Set a Market Acceleration Target and Establish a Comprehensive Approach to
Studies
Currently, California has limited resources dedicated to sustainably building offshore wind
projects and ensuring industry growth aligns with state values and leads to lower energy costs for
ratepayers. By developing a state vision spurred by a market acceleration target, California
leaders could prioritize areas of research that establish industry development guidelines and
frameworks, survey potential impacts on coastal ecosystems, consider innovative financing
mechanisms, and streamline project development, among other topics.
Policy 3: Establish a Phased Approach to Offshore Wind Workforce Development
California boasts robust workforce training infrastructure that it can leverage to build a skilled
and ready offshore wind workforce. Near-term activities could map workforce planning, convene
stakeholder groups on best practice strategies, and target professionals interested in working in
the offshore wind industry. Long-term efforts could help build a diverse and inclusive workforce,
formalize partnerships between industry and training providers, and ensure investments in
offshore wind safety training, operations and maintenance (O&M), monitoring and verification,
and technology research and development.
Policy 4: Align Innovation and Access to Capital Policies with Industry Needs
Offshore wind innovation is key to lowering energy costs, increasing grid integration, opening
up new markets, protecting marine ecosystems, and improving working conditions. California
leaders could facilitate offshore wind research, collaboration, knowledge exchange, and business
development through joint industry projects, multidisciplinary academic programs,
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industry/university partnerships, business accelerators, and access to capital mechanisms that
help companies overcome barriers to market entry.
Policy 5: Upgrade Ports and Establish Port Innovation Districts
Globally, ports are the nucleus of offshore wind development, often serving as hubs for the
assembly, staging, fabrication, and construction of turbine components and long-term O&M
activities. As California cultivates its offshore wind industry, continued port planning and
upgrades will be critical to support evolving industry operations. State activities could focus on
upgrading key ports to catalyze early-stage projects, building port innovation districts, and
prioritizing local community benefits in port revitalization efforts.
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California’s Opportunity in Offshore
Wind
California is well positioned to capitalize on rising market demand for offshore wind given the
state’s strong, consistent coastal winds, supportive policies, and increasing need for a balanced
grid.

What is Offshore Wind?
Offshore wind turbines are similar to the land-based turbines located in California, except they
are deployed at sea and several times larger. Current offshore wind turbine models—like the one
depicted on page 46—are taller than the Washington Monument and have blades as long as a
football field. 5 Offshore wind turbines typically have higher power output than those onshore
due to larger turbine size and faster, more consistent winds off the coast. Although offshore wind
technology is new to California, it has been around for almost thirty years. The first offshore
wind farm was installed in Denmark in 1991, and Europe now has over 18 GW of installed
capacity off its coast. 6 In December 2016, the first U.S. offshore wind farm—a 30 MW project in
Rhode Island—was installed. 7 More than 4 GW of East Coast projects have since progressed to
permitting phases, reflecting how quickly the offshore wind industry is taking off in the United
States. 8
Until a few years ago, the only commercially available offshore wind turbines had to be
anchored to the seabed via a fixed-bottom platform. This restricted development of offshore
wind farms to shallow waters up to fifty meters deep, such as offshore wind projects in Europe
and the recent Block Island Wind Farm in Rhode Island. 9 Due to the state’s deep waters,
California is further behind East Coast states in developing offshore wind. However, new types
of foundations that can support installation at greater depths have resulted in a surge of interest in
California-based projects. Now, floating foundations—which were traditionally used in the oil
and gas industry—are becoming commercially viable for offshore wind. The three major types of
floating foundations are semi-submersible, spar-buoy, and tension leg platform. 10 Semisubmersible platforms have been deployed in Portugal by Emeryville-based developer Principle
Power and the spar buoy platform was used in Equinor’s Hywind Scotland project. 11 In its first
three months of production, Hywind Scotland achieved a 65 percent capacity factor, indicating
the wind farm generated 65 percent of its maximum theoretical output. 12 In contrast, offshore
wind turbines with fixed-bottom foundations typically reach a capacity factor of 45 to 60
percent. 13 Motivated by these early signs of success, companies around the world are developing
new types of floating foundations and continuously working to cut costs and increase efficiency.
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Recent Offshore Wind Developments in California
California’s offshore wind resource potential is 1.5 times the state’s annual electricity use. 14
Dialogue on offshore wind development in California was kickstarted in December 2016 by
Trident Wind’s unsolicited federal lease request for a Morro Bay project (see timeline on page
13). In 2018, Trident Winds partnered with EnBW to create Castle Wind, pledging to create jobs
and bring economic benefits to Morro Bay and the surrounding community. 15 Interest from
developers has continued to blossom: Another lease request was submitted by the Redwood
Coast Energy Authority together with a consortium that includes Principle Power, EDPR
Offshore North America, and Aker Solutions for a wind farm off the coast of Eureka. 16 Because
wind farms will be installed in federal waters but interconnection and affiliated activities are
under state jurisdiction, the offshore wind planning process requires a joint effort between the
American Jobs Project
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state and federal government. In response to the lease requests, the federal Bureau of Ocean
Energy Management (BOEM) published a Call for Information and Nominations on October 19,
2018. The Call officially solicits nominations from companies interested in offshore wind leases
in three proposed areas along the California coast (see California Offshore Wind Value Chain on
page 25). Following the public comment period ending on January 28, 2019, BOEM will begin
the process of refining the wind energy areas and conducting environmental assessments. BOEM
could initiate the formal leasing process as early as 2020. 17
The U.S. Department of Defense (DOD) is an important stakeholder in the offshore wind
planning process in California, and representatives from several DOD departments have
participated on the BOEM/California Intergovernmental Renewable Energy Task Force. 18 In
2017, the U.S. Navy issued an initial mission compatibility assessment, evaluating the
compatibility of potential offshore wind development with existing and proposed military
operations off California’s coast. 19 In 2018, the assessment was updated, further restricting
offshore wind projects on the central and southern coasts. 20 The DOD is collaborating with
industry and government representatives to identify possible areas where offshore wind
development may be compatible with defense activities. Because currently restricted areas are
close to regions with high electricity demand and access to some of California’s most viable
transmission infrastructure, these ongoing efforts are critical to the future of offshore wind
development in California.
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Why Develop Offshore Wind in California?
Offshore wind can provide several advantages to California. These benefits include the
opportunity to fortify the state’s international leadership on climate change, improve grid
stability and operational efficiency, tap into rapidly decreasing costs and growing demand for the
technology, harness the state’s vast renewable energy resources, and transition workers from
legacy industries into good-paying jobs in offshore wind.
Opportunity to Demonstrate International Leadership on Climate Change
California has positioned itself as an international leader on climate change by establishing cap
and trade, convening global climate leaders, and setting a 100 percent zero-carbon electricity
goal. 21 Although California is known for its forward-looking clean energy policies, the state
must do more to grow in-state renewable energy generation and maintain a leadership position
on the global stage. According to the Intergovernmental Panel on Climate Change (IPCC),
averting a climate crisis will require a “rapid and far-reaching” transformation in modern
civilization. 22 The 2018 IPCC report concluded that current efforts to reduce greenhouse gas
emissions will not stop global temperatures from rising to catastrophic levels, with a global
climate crisis starting as early as 2040. 23 Likewise, the Fourth National Climate Assessment
released in November 2018 urges swift action on climate change “to avoid substantial damages
to the U.S. economy, environment, and human health and well-being over the coming
decades.” 24 The United States and other nations are being called to critically evaluate their
policies on issues such as energy generation, land use, building construction, and transportation
to reduce global net human-caused CO2 emissions by 45 percent from 2010 levels by 2030. 25
California has an opportunity to surpass its past climate leadership by embracing new, forwardlooking ideas that help meet these commitments early.
Offshore wind is an effective solution to reduce emissions and reliance on fossil fuels in the
power sector: It can help the state meet its zero-carbon electricity goals by diversifying the clean
energy portfolio and mitigating the impacts of climate change on California’s vibrant
ecosystems. Planned U.S. offshore wind projects show large potential for avoided carbon
emissions. For instance, the Skipjack offshore wind farm in Maryland—comparable in size to the
proposed Humboldt County project but with distinctions in project design and market
characteristics—will avoid 364,000 metric tons of CO2 each year or the equivalent of emissions
from 80,000 passenger vehicles. 26 By leveraging the opportunity of offshore wind, California
can ramp up its efforts to combat this urgent challenge and continue to cement its international
climate leadership.
Opportunity to Improve Grid Stability
California passed SB 100 in 2018, requiring 60 percent of its electricity to be generated from
renewables by 2030 and 100 percent from carbon-free energy sources by 2045. 27 This laudable
goal is not without its challenges: As California integrates more intermittent renewable sources
and retires old power plants, state regulators must continue to balance fluctuating electricity
supply and demand, prevent blackouts, and reduce fossil fuel dependence. There is also a longstanding debate in the state on how best to satisfy the Renewable Portfolio Standard with in-state
and out-of-state resources. Growing California’s in-state renewable energy generation is critical
to pave the way for a secure energy future, offering another reason why offshore wind uniquely
matches the state’s grid stability needs.
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Winds off the coast of California are steady and generally blow throughout the day, offering the
potential of consistent electricity generation. 28 Offshore wind power will be an increasingly
valuable grid asset given the upcoming decommissioning of resources like the Diablo Canyon
nuclear plant, which produces about 9 percent of in-state generated electricity each year and
powers 1.7 million homes. 29 Offshore wind, which is often sited in proximity to population
centers, can also provide valuable transmission congestion relief by repurposing existing
interconnection points such as Diablo Canyon. 30
Offshore wind resources also speed up during the late afternoon and early evening,
complementing the state’s large installed solar capacity. California’s high solar penetration has
resulted in curtailment of clean energy and the need for other resources to supply energy when
the sun sets. 31 The evening ramp—when people are returning from work and using more
electricity—is typically met by natural gas plants either powering back on or ramping up
generation, causing local air pollution. Because coastal winds pick up later in the day, offshore
wind turbines can deliver higher power output during peak demand periods and serve as a
cleaner alternative to meet energy needs. 32
Furthermore, offshore wind’s high capacity factor means it yields more energy per unit of
installed capacity. For instance, the Hywind floating offshore wind farm demonstrated a capacity
factor of 65 percent, which is two to three times that of solar, nearly twice that of land-based
wind, and even greater than that of coal. 33 In fact, NREL scientists predict that California
offshore wind turbines may reach capacity factors of over 70 percent. 34 Offshore wind can help
the California Independent System Operator (CAISO) and the California Public Utilities
Commission (CPUC) integrate a diverse resource mix that allows for a more effective balance of
supply and demand, thereby supporting a more stable grid.
Opportunity to Capitalize on Growing Demand and Falling Costs for Offshore Wind
Demand for offshore wind is soaring both at home and abroad. Globally, the offshore wind
industry is projected to continue growing 25 percent each year until 2022. 35 In 2017, installations
increased 95 percent over the prior year, with an additional 4.3 GW installed worldwide. 36 At
18.5 GW of installed capacity, Europe has captured the vast majority of the offshore wind
market growth. 37 However, the United States has experienced a recent and dramatic increase in
project development: There are at least twenty-eight offshore wind projects in the U.S. pipeline,
amounting to almost 24 GW of potential installed capacity. 38 Five Atlantic states made
commitments to build more than 21 GW of offshore wind, enough to power 8 million homes. 39
While the East Coast has begun to mobilize investment in fixed-bottom offshore wind turbines,
the West Coast has an opportunity to become the U.S. hub for floating offshore wind and
capitalize on rapidly declining costs. 40
Start call-out box
Oil and Gas Investments in Offshore Wind
Oil and gas giants around the world are investing heavily in offshore wind. Equinor plans to
invest over $11 billion in offshore wind projects in the United States, Poland, and Great
Britain. 41 A consortium led by Royal Dutch Shell secured financing for a $1.5 billion offshore
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wind project in the North Sea. 42 Ørsted, formerly known as Dong Energy, invested $510 million
in U.S. offshore wind development. 43
End call-out box
According to a 2018 study from Lawrence Berkeley National Laboratory, the market value of
electricity generated by offshore wind could soon surpass its levelized cost of energy (LCOE) in
several states along the Atlantic coast. 44 The LCOE for floating offshore wind could reach $89
per MWh by 2030, a 39 percent decrease from a 2017 reference project LCOE of $146 per
MWh. 45 Longer-term projections indicate that the LCOE could decrease by as much as 53
percent by 2050 from a 2014 offshore baseline of $169 per MWh (see figure below). 46 Notably,
Equinor, one of the leading offshore wind developers, expects the costs of its upcoming offshore
wind projects to fall between $46 to $69 per MWh by 2030, which is lower than the current $73
per MWh price of onshore wind in the United Kingdom. 47 As technology innovation leads to
higher capacity factors, the cost of floating offshore wind is expected to continue to fall and
could even reach cost parity with fixed-bottom offshore wind by 2030. 48

Start call-out box
Offshore wind is not merely overcoming once prohibitive capital costs: It is projected to bring a
new surge in investment and employment to many of the country’s working harbors. Every
dollar invested in the construction of a 352 MW wind farm off the coast of New Jersey is
expected to generate $1.83, resulting in a total in-state economic benefit of over $700 million. 49
End call-out box
Opportunity to Harness Natural Resource Potential
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California’s long coast features wind speeds that range from above the lower threshold for
offshore wind generation to faster than the national average. 50 Along California’s central coast,
average annual wind speeds reach seven to eight meters per second, and in parts of Northern
California, they regularly reach ten meters per second. 51 Moreover, California’s unique ocean
topography makes floating offshore wind turbines a natural choice for the state. Almost 95
percent of California’s available offshore wind resources can be found in waters that exceed a
depth of sixty meters, which cannot support turbines with fixed-bottom foundations. 52 As such,
floating offshore wind turbines are a natural choice for deployment in California.
Overall, there are 112 GW of technical offshore wind resource potential along the California
coastline, approximately 1.5 times the state’s annual electric energy use. 53 Technical potential
excludes legally protected areas, such as ecological preserves, marine sanctuaries, and critical
habitats and is a representation of the overall resources that could become commercially viable. 54
California has the eighth-highest net technical offshore wind resource potential in the United
States, exceeding that of New York and New Jersey, two states that have already made
significant investments in the technology. 55
Opportunity to Transition Workers in Legacy Industries
California policymakers and decision-making bodies can set rules and objectives for the offshore
wind industry before it arrives—an unparalleled opportunity to ensure that we value workers,
distribute wealth, and respect our natural landscape. As we consider this opportunity, legacy
industries such as oil, gas, and nuclear are coming to a close. In 2018, Governor Brown blocked
the construction of new oil and gas pipelines, preventing offshore drilling in federal waters along
California’s coast. 56 Diablo Canyon, the state’s last nuclear facility, will be decommissioned in
2025, displacing about 1,500 workers. 57 For many of these workers, offshore wind may be a
natural transition. Oil and gas workers can transfer skills in areas such as post-design fabrication,
installation, risk management, and safety procedures. 58 The nuclear workforce includes
electricians that could participate in offshore wind installation and grid connection, among other
roles. 59 California also employs over 8,000 dockworkers in shipbuilding and ship repair and has
a sizeable workforce in related industries such as land-based wind and aerospace. 60 Moreover,
California is home to several large capacity ports that could support offshore wind deployment
with moderate investments, and full-scale offshore wind industry growth could be catalyzed by
associated industries such as marine steel fabrication and composite materials manufacturing. 61
Expertise from these industries and others could be leveraged for the offshore wind industry.
Opportunity to Support Good-Paying Jobs
As California welcomes a new state administration, policymakers have an opportunity to take
action that will help secure a sustainable economic and environmental future. The offshore wind
industry offers a diverse array of employment opportunities that caters to different education and
experience levels at every phase of development. For example, the industry could employ
lawyers to negotiate legal contracts and bids, metal workers to manufacture foundation
components, sales representatives to facilitate the sale of manufactured parts, environmental
specialists to ensure that project development is minimally invasive towards California’s vibrant
coastal ecosystem, and engineers to conduct regular operations and maintenance. In addition to
supporting a wide array of jobs, offshore wind represents an excellent opportunity for California
to build an inclusive economy that offers accessible, fair-wage jobs to its residents. (See Job

American Jobs Project

17

Opportunities in Offshore Wind on page 19.) California is committed to achieving carbon-neutral
power generation by 2045, and offshore wind could help meet that goal through locally
generated electricity that maximizes the direct and indirect economic impacts for the local
workforce. By leveraging forward-thinking strategies to develop 18 GW of offshore wind
capacity by 2045, California could support more than 17,500 jobs in the development,
installation, and operation of its wind farms. 62 (See Appendix A for jobs modeling methodology.)
Start call-out box
Stakeholder Perspectives: California’s First Offshore Wind Farm
Many environmental advocates, industry leaders, academics, and other relevant stakeholders
agree that offshore wind can help reach the state’s renewable energy targets and mitigate climate
change. However, opposing perspectives exist regarding California’s early development and how
the first project(s) should look. Some stakeholders maintain that California should start relatively
small in order to assess the environmental impacts of floating turbines on the California Current
Ecosystem (CCE) while others push for more large-scale projects to decrease cost per unit of
output. As the offshore wind planning process moves forward, California policymakers and
decision-making bodies should meaningfully consider potential short- and long-term impacts to
sensitive environmental habitats, historical and cultural landscapes, and the commercial fishing
industry and other existing maritime activities.
End call-out box
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State Assets to Support Offshore Wind
Cluster Development
There are five foundational building blocks for clusters: the innovation ecosystem, access to
capital, workforce development, local market, and value chain. California has many assets that
can be aligned with cluster-based development, including its unmatched access to capital and
growing value chain.

The Benefits of Cluster-Based Development
If California’s leaders want to reap the most benefits from offshore wind market growth, they
should work to build a strong economic cluster for industry growth. Clusters are regionally
situated groups of interconnected companies and institutions that are engaged in a particular
industry and supported by repeated exchanges of information and resources. In today’s
competitive globalized economy, businesses are more likely to thrive in regions that cultivate the
building blocks of cluster development: a rich innovation ecosystem, fertile ground for capital
investment, a highly skilled workforce, clear policy signals, and a robust value chain. In fact,
clusters enable businesses to leverage a trained workforce, a close network of suppliers, and a
wealth of resources to overcome size limitations, improve productivity, and increase operational
efficiency. 63
Studies have shown that wages are higher in industry clusters, with one study concluding that
workers typically receive wages that are 6 percent higher than those of workers employed in the
same industry but outside a cluster. 64 In industries that are dependent on manufacturing, such as
offshore wind, clusters have been shown to expand access to talent and boost economic
activity. 65 By leveraging an environment of coordination and cooperation, clusters can offer
workers fair wages and simultaneously stimulate innovation and economic development.
Start call-out box
California has leveraged the building blocks of cluster-based development to establish worldclass, innovation-driven industry clusters such as Silicon Valley, Napa Valley, and Hollywood. 66
The state has an opportunity to replicate these successes by tapping into emerging renewable
energy technologies such as floating offshore wind.
End call-out box
California can capitalize on its strengths in offshore wind by strategically building an economic
cluster, which will require a comprehensive action plan and designated leaders to coordinate
stakeholder efforts and translate them into meaningful economic growth. Virtually every
successful cluster—both domestically and internationally—was developed through deliberate
policy, a clear strategy, and strong leadership. In 2010, turbine manufacturer Vestas opened its
North American manufacturing base in Colorado, citing the state’s strong commitment to
workforce training and other cluster-based strategies for industry growth. 67 More recently,
policymakers and stakeholders in states such as Massachusetts, New York, and Virginia are
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working together to streamline permitting and siting procedures, fund workforce development
initiatives, and support infrastructure upgrades at ports and on roadways. 68 California could
leverage cluster-based development to become a regional offshore wind leader: The state already
boasts many engaged leaders and coordinating bodies, and targeting cluster gaps can help
catalyze development and create an environment where businesses and workers can thrive.
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The following visual guides break down the key assets for a robust cluster. This section will use
these guides to illustrate the California’s strengths in each foundational building block and
showcase significant resources for the offshore wind industry.
Innovation Ecosystem: Innovation is essential for business and industry competitiveness, and a
strong knowledge hub can be a beacon for talent and investment. The innovation ecosystem
supports fundamental research across universities and labs, fosters an entrepreneurial culture that
seeks to advance and disrupt industries, and brings ideas to market.
Access to Capital: Access to investors or competitively priced non-dilutive capital can be the
difference between success and failure for a new or expanding business. It is also important for
consistent access to capital across development from the seed and early/growth stages to the late
stage. An active investment environment can attract more entrepreneurs and investors to the
state.
Workforce Development: Trained and skilled workers are fundamental to industry success, and
strategic workforce development can support talent recruitment and retention. Workforce
development requires collaboration across schools, businesses, labor unions, and government
offices to integrate STEM education, foster industry-ready skills via apprenticeships and careerintegrated curriculum, enable stackable credentials that offer multiple entries and exits, and
provide resources that match skills to available jobs.
Local Market: Creating a local market for products sends a market signal to businesses that
encourages investment in new facilities and employees. High local demand can attract a local
company base that could then expand to regional, national, and global markets. Clear utility and
business regulatory environments coupled with resources for project development and end-user
adoption can create a strong local market.
Value Chain: An industry value chain is composed of an array of companies engaged in the
manufacturing, sale, marketing, and distribution of technologies. It also includes organizations
that represent business interests across platforms. While a supply chain is composed of the
entities and processes involved in production and distribution, a value chain is composed of all
the activities used to create a competitive advantage. This base provides a solid foundation from
which to attract more companies and customers.
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California Offshore Wind Development
Scenarios: 2019 to 2045
Our offshore wind industry growth scenarios demonstrate how strategic policy planning can
amplify the economic benefits of offshore wind.
Long-term forecasts are valuable to show the possibility and significance of potential scenarios,
enabling policymakers to consider appropriate time horizons for action. 69 In California,
demonstrating various growth scenarios is especially relevant and timely given BOEM’s recent
Call for Nominations (see Offshore Wind Milestones on page 13,) which initiates the federal
planning process. Burgeoning interest in the California offshore wind market could translate to
local economic growth, but such outcomes are highly dependent on state and federal policies.
Two California offshore wind growth scenarios, each with three phases from 2019 to 2045, are
presented along with their associated economic impacts (see page 28). Both scenarios—Status
Quo Policy and Strategic Growth Policy—are based on global market projections, interviews
with industry leaders, electrification trends, and 2045 resource mix projections from E3. The
main difference between these scenarios is the level of policy intervention. For this analysis, we
assume no expansion of CAISO and that California’s electric supply (not including the Energy
Imbalance Market) comes from in-state resources. We anticipate the California market will
initially focus on floating offshore wind demonstration projects and then see robust build-out of
commercial floating projects, with the potential for development of emerging technologies such
as airborne offshore wind (see Appendix B).
The Status Quo Policy Scenario demonstrates 5 GW of installed capacity in California by 2045.
It assumes a future with status quo local, state, and federal policy. For instance, with respect to
the local level, it assumes continued local support from areas such as Humboldt County and San
Luis Obispo County. Regarding state policy, it assumes continued engagement by the
California/BOEM Intergovernmental Task Force but no California market acceleration target or
holistic economic development strategy for offshore wind. On the federal side, we assume
continued support from BOEM but prohibitive maritime use restrictions by the U.S. Department
of Defense (DOD), which will severely limit development close to areas with the highest electric
demand. This is not a worst-case scenario of no development, but rather what can be
accomplished with the current circumstances.
The Strategic Growth Policy Scenario demonstrates 18 GW of installed capacity by 2045. It
assumes additional state policies aimed toward growth targets and a significantly less restrictive
maritime use stance from the DOD. For instance, local port innovation districts would be
established to foster clustering of offshore wind activities (see Policy 5). On the state level,
California would adopt a market acceleration target and pursue a cluster-based strategy for
development (see Policy 2). Federally, we assume that the DOD would open areas for
development and that BOEM and DOE will increase expenditures on offshore wind. This
analysis builds from a 2016 analysis by the National Renewable Energy Laboratory and takes
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into account additional in-state activity, rapid market growth, and further offshore wind cost
reductions.
Estimated employment impacts for California are presented as full-time equivalent (FTE) jobs in
a given year. We present annual FTE jobs for the last year of each phase of development. Phase
1 spans from 2019 through 2025, Phase 2 spans from 2026 through 2035, and Phase 3 spans
from 2036 through 2045. The types of jobs represented include direct jobs such as construction,
maintenance, and manufacturing of turbine components as well as indirect jobs from
downstream services. Induced jobs, such as a new lunch counter opening at a busy offshore wind
port, are also included.
The two scenarios demonstrate how policy certainty drives economic trends. For example, Phase
1 has the same installed capacity for each scenario (0.4 GW), but the Strategic Growth Policy
Scenario has more jobs because more workers are preparing for the larger next round of projects.
California-based manufacturing for components such as blades, anchors, and moorings will only
occur in the presence of market certainty, which is accounted for in Phases 2 and 3 of the
Strategic Growth Policy Scenario. More details and key assumptions regarding economic impact
methodology is located in Appendix A.
Our analysis is a high-level vision of likely scenarios using available data, and it intends to serve
as a foundation for dialogue and future research in the state. Additional research can further
refine and update assumptions, divide growth trends between the Central and North Coast,
project energy production in each scenario, and model areas taken up by offshore wind farms,
among other topics.
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Policy Recommendations
State and local leaders should take a long-term view of offshore wind development and ensure
actions strategically align with the phases of industry growth. Forward-thinking policies,
programs, and ideas to train workers, establish clear market signals, and ignite innovation are
intended to serve as stepping stones to discussion and collaboration.
California’s leaders can capitalize on the state’s competitive strengths and demonstrate their
commitment to offshore wind by enacting smart, forward-thinking policies and implementing
non-legislative solutions. Whether taken as a whole or as piecemeal solutions, the following
recommendations could attract private investment, stimulate the state’s economy, and create
good-paying jobs for Californians that have been left behind by other industries.

Policy 1: Appoint a California Offshore Wind Czar
Why California Needs an Offshore Wind Czar
California policymakers and decision-making bodies can set regulations and objectives for the
offshore wind industry early—before turbines are in the water. Early direction on the
development framework is an unparalleled opportunity to ensure more distribution of economic
benefits, facilitate robust protections for marine and shoreline ecosystems and existing
economies, incorporate California’s expertise throughout the industry, and deploy best practice
strategies for workforce training and re-training.
As a hybrid of the traditional marine services and energy industries, offshore wind requires
comprehensive logistics, and new, holistic, and streamlined planning and regulatory efforts that
will most optimally be underway before the industry develops or at least before construction
begins.
To date, the California Energy Commission (CEC) has demonstrated strong leadership
throughout the state’s nascent offshore wind planning process (see call-out box). However, the
state must consider additional elements such as economic development and environmental
permitting issues to guide and grow the industry, some of which may be outside of the CEC’s
purview.
Start call-out box
Offshore Wind Leadership at the California Energy Commission
The California Energy Commission (CEC) has played an instrumental role in the offshore wind
planning process. CEC-led activities include close coordination with the federal Bureau of Ocean
Energy Management, brokering information- and data-sharing agreements with Scotland and
Denmark, leading a California delegation to visit the Hywind Scotland project, and conducting
approximately eighty outreach meetings with California stakeholders. 70 The California Ocean
Protection Council (OPC) is also playing a leadership role in the planning process by
representing marine protection concerns and conducting a process to elucidate the offshore wind
permitting process.
End call-out box
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As the new state administration takes office in 2019, California has an opportunity to develop a
forward-looking offshore wind action plan that ensures industry growth is consistent with local
values and is minimally invasive to California’s vibrant coastal ecosystem and economies. To
accomplish this, California’s governor could appoint an Offshore Wind Czar to take action on
the state, federal, and international levels to create a vision for growth that aligns with the values
of Californians. An ideal candidate would be familiar with various aspects of the industry, able
to navigate different settings, and well-respected by California stakeholders.
The responsibilities of this position could be designed to evolve alongside the offshore wind
industry as needed. For instance, in the early phases of development, the California Offshore
Wind Czar could work with a small staff and use minimal state funds to develop initiatives that
complement existing CEC and OPC efforts. As the industry grows, the Czar could shift to a more
prominent role and be a key point of contact.
State
At the state level, the California Offshore Wind Czar could be responsible for coordinating
among public and private stakeholders, complementing or supplementing the CEC’s efforts.
Protecting California’s cherished and world-renowned Large Marine Ecosystem is an essential
component of the state’s statutory and public trust commitments to Californians. Marine
protection is also essential to sustainable economic development as the state’s fishermen and
over 400,000 people employed in the coastal tourism and recreation business depend on a
healthy ocean and iconic vistas to support the state’s $44 billion ocean economy. 71 Offshore
wind projects will be subject to assessment from a multitude of state agencies including the
California Coastal Commission and OPC (see call-out box). Like the New York Renewable
Energy Czar, the California Offshore Wind Czar could clarify the responsibilities of these
agencies and help address challenges of agency overlap and fragmentation (see case study). In
addition to coordinating among these agencies, the Czar could support outreach with various
stakeholder groups and decision-making bodies, such as tribes, labor unions, fishing
communities, and environmental groups. The Czar could provide counsel on the development of
studies during early phases of industry growth and later oversee the development of studies in
partnership with relevant agencies as the Office of the Czar grows (see Policy 2).
At the onset of the industry, the Czar could leverage private and philanthropic funds—spending
minimal taxpayer dollars—to develop creative programs that plant the seeds of an economic
cluster. The sample early-phase programs below meaningfully engage stakeholders, proactively
cultivate public acceptance, and establish connections in the innovation ecosystem.
● Appoint a California Fisheries Liaison. The need for early engagement and feedback
from fishermen has been noted by U.S. Senators Warren, Markey, Whitehouse, and Reed
as a means to identify local fisheries, mitigate spatial conflicts, and preserve the
economic viability of the fishing industry. 72 The California Offshore Wind Czar could
appoint a Fisheries Liaison to serve as the point of contact between the state and
representatives of the regional fishing community such as the Pacific Coast Federation of
Fishermen’s Associations (PCFFA). Traditionally, Fisheries Liaisons are appointed on
behalf of a leaseholder, occurring later in the federal leasing process. 73 For instance,
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Vineyard Wind appointed a Fisheries Liaison to lead outreach to members of the fishing
industry on Cape Cod, the Islands, the South Coast, Rhode Island, and along the greater
East Coast. 74 With an extensive background in fisheries science, the Fisheries Liaison is
well suited to address concerns that the fishing community has raised about the effect of
offshore wind development on their industry. 75 California could adapt the position to
impartially solicit feedback and incorporate concerns from the fishing community earlier
on in the planning process.
● Establish a Blended Funds for the Arts, Education, and Culture. The Office of the
Czar could establish and oversee a public art fund financed by the private sector,
philanthropic foundations, and other sources as available. The fund could provide grants
for community education programs in areas where offshore wind may develop. Among
other ideas, the fund could support murals that reflect offshore wind in a positive light
and increase public awareness, as has been done in the conservation community.
● Develop an Offshore Wind Tourism Program. Just as lighthouses have become
popular tourist destinations, offshore wind has the potential to attract curious visitors.
Notably, Block Island Wind Farm has become a successful tourist attraction in Rhode
Island, with tours charging sightseers up to $100 each. 76 Moreover, recent surveys by the
University of Delaware show that only one in ten beachgoers feel their experience will be
diminished by the sight of offshore wind turbines. 77 The California Office of Tourism
could develop a local tourism program that is modeled after Rhode Island’s success,
cultivating public curiosity and creating a positive association with offshore wind.
● Sponsor an Offshore Wind Hackathon or Pitch Competition. Working in partnership
with universities, incubators, and the investment community, the state could identify
critical challenges for offshore wind development and solicit technology solutions
through a pitch competition (see Policy 4).
Start call-out box
Offshore Wind’s Regulatory Pathway in California: A Snapshot of Decision-Making
Bodies and Various Interested Groups
● Bureau of Ocean Energy Management (BOEM)
● Bureau of Safety and Environmental Enforcement (BSEE)
● California Coastal Commission
● California Department of Conservation
● California Department of Fish and Wildlife
● California Department of Parks and Recreation
● California Energy Commission (CEC)
● California Independent System Operator (CAISO)
● California Ocean Protection Council (OPC)
● California Public Utilities Commission (CPUC)
● California State Lands Commission
● California Workforce Development Board (CWDB)
● Governor’s Office of Planning and Research (OPR)
● Humboldt Bay Harbor, Recreation and Conservation District
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● Labor Unions
● National Oceanic and Atmospheric Administration (NOAA) Office for Coastal
Management
● National Park Service
● NOAA Fisheries
● NOAA Office of National Marine Sanctuaries
● Pacific Coast Federation of Fishermen’s Associations (PCFFA)
● Port Authorities
● Redwood Coast Energy Authority (RCEA)
● San Luis Obispo County
● Tribal Governments
● U.S. Department of Defense (DOD)
● U.S. Department of Energy (DOE)
● U.S. Environmental Protection Agency (EPA)
● U.S. Fish and Wildlife Service
End call-out box
Federal
Because offshore wind farms will be located in federally-designated waters more than three
miles offshore, much of the offshore wind planning process is guided by the Bureau of Ocean
Energy Management (BOEM), with input from other relevant agencies such as the National
Oceanic and Atmospheric Administration (NOAA). The California Offshore Wind Czar could
collaborate with relevant federal agencies to establish offshore wind policies that align with the
common interests of California and U.S. federal authorities such as the White House,
Congressional Armed Services Committees, Department of Energy, and BOEM. By joining
efforts with federal agencies, the Czar could:
● Partner with the U.S. Department of Defense (DOD) to Meet Shared Objectives. The
military is important for California’s economy and U.S. national security. With the state
hosting dense concentrations of naval activities, the DOD represents a significant
stakeholder in the offshore wind development process. In February 2018, the U.S. Navy
updated its maritime use restrictions map with no development zones throughout the
southern coast and in the Diablo Canyon-Morro Bay region where projects are currently
proposed. 78
Given that the Navy’s use restrictions changed dramatically from 2017 to 2018 and may
continue to evolve over time, state government officials and congressional
representatives must engage with the White House, DOD, and Navy to find common
ground. Projections indicate the Asia-Pacific region’s offshore wind capacity will
increase twenty-fold over the next eight years—reaching 43 GW by 2027— with
especially fast growth in China, Taiwan, Japan, and South Korea. 79 This means the U.S.
military will need to prepare itself to operate in a new maritime paradigm. As diplomatic
talks continue between the DOD and California officials, the California Office of
Planning and Research should consider updating the California Advisory Handbook for
Community and Military Compatibility Planning to include maritime spatial planning
guidance for developers and military officials.
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● Enable Federally Recognized Tribes to Qualify as Federal Agencies for the Purpose
of Offshore Wind Research Lease Applications. Current BOEM guidelines state that
“research leases are reserved solely for states or federal agencies conducting renewable
energy research activities on the [Outer Continental Shelf].” 80 Many tribal governments
within California have demonstrated leadership in renewable energy deployment and
research. California stakeholders argue that tribes should qualify as federal agencies or
rank alongside federal agencies and states, making them eligible to apply for and hold
federal research leases. This change will allow tribes to play a leadership role in offshore
wind R&D and benefit economically from offshore wind growth.
● Consider Multiple Factors in the BOEM Leasing Process. Competitive BOEM lease
auctions may implement sealed bidding, ascending bidding, or a combination of both; all
three auction formats look solely at monetary factors. In some instances, BOEM may
deploy multiple-factor bidding to account for additional criteria such as public benefits. 81
However, the lack of transparency on exactly how nonmonetary variables are identified
and weighed in the BOEM leasing process raises concerns for California stakeholders
who want to emphasize factors such as environmental consideration and community
engagement. 82 International variations may be useful for comparison, such as the
Japanese bidding system which assigns different weights for each variable based on key
policy objectives. 83
International
Local developers in California all have European partners, which will ensure broad industry
knowledge is leveraged across the state’s earliest projects. However, these European partners
may not bring the perspective of European regulators or economic development agencies, which
may limit the technical feasibility and economic impact of U.S. projects. The California Offshore
Wind Czar can ensure that international best practices are garnered from strategic partnerships
while seeking new opportunities for foreign direct investment and industry collaboration. To
establish partnerships and promote California on an international stage, the Czar could:
● Leverage existing agreements and seeking additional avenues for information
sharing. Formal partnerships have been established between California and the Danish
and Scottish governments. However, initial discussions with partners have been limited
due to a lack of resources. More dedicated staff time at the CEC and/or Office of the Czar
could result in quarterly roundtables that establish desired learning outcomes and next
steps for participants. Additional partnerships with Pacific Rim nations leading on
offshore wind such as Taiwan, China, and Japan could also be established.
● Establish ties with cluster networks and promote foreign direct investment (FDI)
opportunities. The Offshore Wind Czar could establish formal ties with cluster networks
such as the European Clusters for Offshore Wind Servicing (ECOWindS) and Wind
Europe to learn about economic development strategies to grow an offshore wind cluster
(see case study). The state can also promote targeted FDI programs to incentivize growth
across sectors within the offshore wind value chain. FDI can help foster a thriving
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offshore wind cluster in California by promoting the role of anchor companies, which are
well-connected organizations that can help attract their suppliers to the state.
Case Study: New York State’s “Energy Czar”
In 2014, Governor Cuomo launched New York’s statewide clean energy strategy, Reforming the
Energy Vision (REV), which instituted a 50 percent renewable portfolio standard (RPS), a 40
percent reduction in greenhouse gas emissions, and an increase of 600 trillion British thermal
units (Btus) of statewide energy efficiency. 84 In 2018, Governor Cuomo issued solicitations for
2.4 GW of offshore wind by 2030, requiring project labor agreements to ensure living-wage jobs
for workers in the offshore wind industry, and in 2019, the Governor proposed increasing the
offshore wind target to 9 GW by 2035. 85 Recognizing the need for an organized strategy to help
facilitate these goals, Governor Cuomo appointed Richard Kauffman as the chair of energy and
finance for New York. 86 Known as the “energy czar,” Mr. Kauffman is tasked with coordinating
activities at the Department of Public Service, New York State Research and Development
Authority (NYSERDA), New York Power Authority (NYPA), and Long Island Power Authority
(LIPA). 87 As New York’s most senior energy official, Mr. Kauffman is responsible for
developing and advancing the Governor’s plan to transform the state’s entire energy portfolio,
from R&D to market development. 88 Under Mr. Kauffman’s tenure, New York launched a $5
billion clean energy fund that is expected to support over $39 billion in customer bill savings by
2026. 89
Case Study: Offshore Wind Analyst at WindEurope
WindEurope is an active wind energy industry association that represents over 450 members in
over 40 countries, including major supply chain companies, research institutions, electricity
providers, and financial services firms. 90 In 2018, WindEurope hired an offshore wind analyst,
whose duties include establishing an offshore wind advocacy network across Europe,
coordinating task forces and workshops on fixed-bottom and floating offshore wind, developing
policy recommendations, advising association members on development operations, and
conducting outreach to stakeholders. 91 Priority was given to candidates with experience in the
energy sector, and desired skills included experience in organizing multi-stakeholder groups and
a master’s degree in engineering, science, environment, or energy. 92 Other desired skills included
knowledge of current offshore wind operations in Europe, understanding of European Union
legislative procedures, and ability to network with high-level parties. 93 As the California market
develops, positions like these will facilitate industry growth.

Policy 2: Set a Market Acceleration Target and Establish a Comprehensive
Approach to Offshore Wind Studies
Offshore wind in California is an achievable yet complex puzzle. To ensure that offshore wind
develops in a way that respects our treasured marine ecosystem and maximizes benefits to the
economy, we must go beyond the reactive, piecemeal studies required by the federal leasing
process. Given that the state does not have a stance on offshore wind, entities like OPC, CEC,
and other state representatives have limited time and resources dedicated to offshore wind. The
state also lacks an informed perspective on current research and what research is necessary to
advance the sector. For instance, the outputs from one study are sometimes needed as an input
for the next, as in the case of detailed wind resource assessments translating into power
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production curves. In other instances, resources may not be fully leveraged, as in the case of the
California Offshore Wind Energy Gateway. Moreover, we may not be asking the essential
questions needed for equitable development (e.g., How will economic benefits from this new
industry reach communities in need?).
California should consider establishing a vision for offshore wind and, through the Office of the
Czar (or other appropriate entities), overseeing related studies to track what environmental and
sociological research is in the queue from the various state, federal, and philanthropic funding
streams. Oversight of studies must not stifle academic or industry competition, but instead
promote goals including (1) leveraging state, federal, foundation, and private-sector funding for
studies; (2) creating efficiency in the rollout of research; (3) improving current resources to
ensure siting decisions are well-informed; (4) addressing industry growth in a holistic,
environmentally-responsible, and forward-looking manner; and (5) incorporating new
technologies throughout the planning and development cycle.
The Office of the Czar could prioritize preliminary studies that consider the following topics:
Market Acceleration Target. Should California set a market acceleration target of 4 GW, as
states in the Northeast have done to stimulate the market?
● California has traditionally taken a technology-neutral approach to developing the state’s
energy resource portfolio. Yet with energy storage—a similarly emerging technology that
also provides numerous grid benefits—the state established a procurement target that
mandates investor-owned utilities (IOUs) to procure energy storage. As with the energy
storage procurement target, a market acceleration target for offshore wind could seek to
achieve similar goals: procuring viable and cost-effective technology, driving the market
without negatively impacting ratepayers, and reducing transmission congestion. 94 Not
only did the mandate spur investment in storage, IOUs exceeded the mandate and the
costs of storage continue to fall precipitously. 95 California should consider setting an
ambitious offshore wind target that competes with the procurement goals established by
numerous East Coast states, sending a market signal and enabling the state to plan in a
proactive, holistic, and values-driven manner.
Early Development. How should the first projects be developed and studied in the state?
● Some stakeholders prefer developing larger projects to decrease costs and mitigate
climate change. Other stakeholders advocate for the development of smaller projects at
the onset of the industry to study impacts on marine ecosystems. California policymakers
should work with the offshore wind sector and stakeholders to develop a shared set of
development criteria and assess various scenarios for early-stage development. Guidance
from state leadership will be necessary to find the balance between ensuring economical
projects that attract interest from private developers and minimize cost to ratepayers
while alleviating the concerns of impacted stakeholders.
Value of Offshore Wind. How do we measure and communicate the full value of offshore wind
to a zero-carbon electric system?
● Offshore wind is a unique resource that provides numerous potential benefits to the grid.
Relative to land-based wind, coastal winds blow more consistently, and output from
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offshore wind farms would increase in the late afternoon when solar resources come
offline. Better offshore wind resources combined with larger and highly efficient turbines
mean a capacity factor that is greater than that of onshore wind, is almost twice as high as
that of solar, and even exceeds that of coal plants. Offshore wind can also alleviate
transmission constraints, which can often happen in populated coastal regions. Currently,
the market does not compensate developers for grid reliability traits such as voltage
support, frequency response, and flexible capacity. 96 State agencies could study how
renewable resources, including offshore wind, are monetized in the market as it relates to
grid system value and develop a new way of representing the full value of offshore wind
in a zero-carbon electric system.
Impact to Coastal Ecosystems. Will floating offshore wind development threaten coastal and
marine ecosystems?
● California is home to one of the richest and most biodiverse marine ecosystems in the
world, with treasured and endangered species such as blue whales, short-tailed
albatrosses, and leatherback sea turtles that migrate and feed in California’s waters. 97
Although the California Offshore Wind Energy Gateway has hundreds of data sets, there
is still not a comprehensive spatial analysis for environmental sensitivity, which would
inform appropriate offshore wind development locations. 98 California should also ensure
up-to-date baseline data on the presence of key species including bottom-dwelling fish,
marine mammals, and migratory seabirds. Using more comprehensive analyses and upto-date data sets, developers can adjust installation cycles and protocols, as well as
innovate to incorporate underwater drones, remote and automated sensing, and artificial
intelligence to survey marine life. Rather than wait until the Site Assessment Plan stage
of the BOEM leasing process, the state could initiate geophysical and geotechnical
assessments, sediment substrate analysis for anchoring and mooring, and population
assessments of marine mammals, seabirds, fish, and sea turtles as well as benthic
assessment to identify appropriate areas for development before sites are put up for lease.
Role of Community Choice Aggregators (CCAs) and Corporate/Municipal Power Purchase
Agreements (PPAs). Can the offshore wind industry rely on early-stage procurement from
CCAs or contracting directly with municipal utilities and large energy users?
● Offshore wind is not yet considered a supply-side resource in California’s integrated
resource planning (IRP) process. As the state advances studies to qualify this resource to
be procured by IOUs, other means of procurement could be explored. CCAs have
demonstrated that communities have a willingness to pay for locally-produced renewable
energy and could be a means to procure offshore wind at early stages of development, but
more analysis should be performed to assess this opportunity. Given CCAs are not
regulated in the same manner as IOUs (e.g., rates are not decoupled), could they establish
strategic partnerships to invest in offshore wind-related infrastructure such as ports?
Could CCAs employ novel mechanisms to invest in projects, as has been proposed as
“Community Empowerment” in Massachusetts? 99 Could CCAs even partner with each
other to share the costs and benefits of offshore wind? How will the inability to recover
costs from departing customers and concerns regarding creditworthiness be considered?
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● PPAs with large corporate offtakers have been a means of procuring onshore wind for
municipal utilities and large energy users and could be similarly used for offshore wind.
In 2017, Google, Facebook, Apple, and Bay Area Rapid Transit procured nearly 1 GW of
wind power through virtual and physical PPAs, direct ownership, and Renewable Energy
Certificate (REC) purchases. 100 New PPA variations, like Microsoft’s volume firming
agreement that smooths variable price fluctuations via a third-party insurer, should also
be considered in the context of offshore wind development through private-sector
offtake. 101
● Municipal utilities have also procured large quantities of onshore wind. For instance, the
Los Angeles Department of Water and Power has acquired almost 1 GW of wind
power. 102 California municipal utilities with annual load forecasts under 700 GWh are
not required to submit IRP plans to the CEC. 103 Assessments and surveys of large energy
users and municipal utilities with willingness to pay for offshore wind could spur
industry growth.
Start call-out box
In September 2018, the Redwood Coast Energy Authority (a CCA) submitted a federal lease
application with partners Principal Power Inc., EDPR Offshore North America, and Aker
Solutions for a 100-150 MW offshore wind project off the Humboldt County coast. 104
End call-out box
Streamlined Permitting Processes. Can we create a permitting toolkit that will remove red tape
in the permitting process while still protecting our natural treasures?
● Offshore wind siting and permitting is a complex process involving local, state, and
federal layers. 105 Eliminating uncertainty in permitting timelines can increase investor
confidence and increase efficiency for stakeholders. 106 As California develops offshore
wind, how can state policymakers find ways to reduce regulatory burdens and remove
duplicate processes while still protecting our natural resources and addressing public
concerns? Many countries and U.S. states have adopted “one-stop” permitting systems,
selecting one agency to coordinate with all other affiliated state and local agencies and
have ultimate authority over the project.
Transmission. Can California engage the private sector to invest in offshore wind transmission,
and can we consider innovative ways to support the grid in regions where transmission
infrastructure is needed?
● Grid interconnection is a critical component to industry success. In the central coast,
interconnection will be less costly due to plants such as Diablo Canyon coming offline.
However, in Humboldt County, transmission capacity is limited and potentially costly
upgrades will be needed. 107 In addition to understanding the costs and benefits of
required transmission investments, state policymakers should consider broader and
longer-term approaches to offshore wind transmission that align with CAISO and CPUC
long-term planning processes.
Start call-out box
Proposed offshore wind transmission networks
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In 2018, private developer Anbaric proposed offshore transmission highways along the east
coast. 108 In 2010, Google announced plans to invest $5 billion in a 6 GW, 350-mile offshore
wind transmission system that would act as a backbone for developers, analogous to Texas’
Competitive Renewable Energy Zone (CREZ) transmission upgrades to support land-based wind
investment. 109
End call-out box
● Energy storage is increasingly used in tandem with offshore wind to support grid
integration. In Massachusetts, developers Eversource and Ørsted are partnering with NEC
Energy Solutions to connect 55 MW of storage on the 800 MW Bay State Wind
project. 110 The Hywind floating offshore wind farm in Scotland will pilot a 1 MWh
lithium-ion battery system called Batwind. 111 Energy storage is an enabling asset for grid
reliability, and California IOUs are required to procure 1.3 GW of storage by 2020. 112 As
California policymakers consider integrating offshore wind into the grid, experts should
consider how energy storage could play a role in the emerging offshore wind market and
increase the potential for variations in project financing. 113
Innovations in Offshore Wind Finance. Are there novel approaches to financing offshore wind
projects and reducing project risk?
● Third-party solar leasing, property assessed clean energy (PACE) financing, energy-as-aservice models, and renewable asset-backed securities are just some of the innovations in
renewable financing over the past decade. Offshore wind in Europe is typically debtfinanced, while U.S. land-based wind financing is based on sponsor and tax equity as
well as debt capital. 114 The phaseout and cessation of the federal tax incentive for wind
projects have already reduced the tax equity investment mechanism that has been central
to the success of land-based wind projects for the past decade. In addition to the
variations between U.S. and European capital markets, offshore wind is hard to finance
due to longer lead times and perceived project risk. 115 As a laboratory for democracy
where local ideas have spawned widely-adopted programs (e.g., PACE), California
should consider innovative approaches to offshore wind finance that increase investor
confidence, decrease risk, lower the cost of capital, and leverage local assets to spur the
offshore wind industry. Research could assess innovative capital structures and ways that
the state could reduce costs and risk (e.g., low cost interconnection guarantees for
developers, streamlined permitting, standardization, insurance, compliance, etc.).
Economic Development. How can California leverage private and public capital to support
offshore wind economic development?
● Offshore wind could bring much-needed economic benefits to local communities across
California, including some areas of Humboldt County where poverty rates have reached
nearly 36 percent. 116 However, in order for economic benefits to reach those in need,
investments in critical infrastructure (e.g., ports and roads) will be required. Policymakers
should consider novel ways to maximize public dollars and encourage private investment.
Local funding mechanisms, such as tax abatement deals with developers or tax increment
financing, could be explored as means to support port upgrades. 117 Additionally,
policymakers could support investments in Opportunity Zones, such as regions of
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Humboldt County and San Luis Obispo County, and other low-income areas primed for
private investment-driven economic development. 118
● California can investigate ways to strengthen the value chain, such as a revolving loan
fund for offshore wind manufacturing facility upgrades, an anchor company tax credit to
encourage recruitment and co-location of firms, or a grant program to help small
businesses enter the offshore wind market. 119
● As the offshore wind industry evolves, California could also consider novel and emerging
investment schemes for economic development, such as the multi-asset renewal fund
(MARF). A MARF is a hybrid alternative investment that strategically bundles asset
classes comprising an industry cluster to attract investment, leverage public-sector funds,
and distribute impacts across an industry. 120

Policy 3: Establish a Phased Approach to Offshore Wind Workforce Development
California is in the early stages of the offshore wind planning process, but the in-state offshore
wind industry could support more than 17,500 jobs by 2045. 121 With approximately 78 percent
of European wind power companies reporting challenges in recruiting qualified staff, California
has an opportunity to meet the needs of industry and workers. 122 The state has the right
infrastructure to make the offshore wind industry a reality: active labor unions, apprenticeships,
training programs, technical high schools, and colleges and universities that rank some of the
best in the nation. 123 Policymakers, industry leaders, unions, and colleges should consider
workforce development strategies that align with the phases of project development.
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Early-to-Mid Workforce Considerations: California could take short-term action to assess
workforce development goals, identify workforce gaps, and educate higher-skill professionals
necessary for early planning processes.
● Continue Workforce Analysis. Current studies are underway to provide more detailed
assessments about potential job gains and opportunities to employ marginalized
communities through the offshore wind industry. 124 Such work could be built upon to
identify detailed workforce gaps, as New York State has done in preparation for the
industry. 125 These studies can be utilized to inform stakeholder convenings and help
establish workforce planning goals, which could include engaging underserved
communities, retraining workers, balancing supply of labor with demand for workers, and
ensuring job quality.
● Facilitate Stakeholder Roundtables. To ensure that state workforce goals address
community concerns, California could convene its labor unions, workforce development
boards, state agencies, universities, industry, and environmental justice organizations to
discuss opportunities and the future of offshore wind development. The purpose of these
working groups would be to identify opportunities and barriers, share best practice
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strategies, and anticipate the needs of workers and employers during various deployment
timelines.
● Educate High-Skilled Workers. Early stages of development rely on high-skilled
professionals in law, marine science, engineering, and economics. But many
professionals are unfamiliar with the unique considerations of offshore wind. California
institutions could consider creating a series of seminars for professionals interested in
offshore wind, much like the 2018 Offshore Wind Skills Academy at the University of
Delaware. The academy was created in partnership with the Danish Energy and Climate
Academy (ECA), with classes taught by three instructors with over fifty-five staff years
of wind experience, and is targeted to professionals from traditional energy sectors,
manufacturing companies, regulators, and consultants. 126 Recruiting women and people
of color during early-stage trainings like this will ensure thought leaders in California’s
offshore wind industry reflect the state’s diverse population.
Mid-to-Late Workforce Considerations: As the California offshore wind industry moves into
construction, installation, and operations and maintenance, the need for technical skills will
increase. Unionized workers will make up a large portion of the workforce, with activity
centered around the ports.
● Build a Diverse and Inclusive Workforce. In California, average hourly wages for
Black and Latino workers range between $7-12 lower than hourly wages for white and
Asian workers. 127 As the state grows its offshore wind industry, policymakers could help
reverse this trend by leveraging workforce development strategies that encourage
equitable distribution of the industry’s economic benefits. Workforce grants could require
outreach to and recruitment of communities facing employment barriers, as modeled by
Maryland’s Offshore Wind Workforce Development Grant Program. With $800,000
allocated for training centers in 2019, the program requires eligible centers to provide
training needed for mid-term development, such as welding, metal fabrication, and
electrical work. 128 Discrimination against non-English speakers can be avoided by
including multiple languages in apprenticeship programs and other mid-to-late workforce
training programs.
Start call-out box
Veterans and Offshore Wind. The wind industry offers employment to veterans and
servicemembers at a rate that is 72 percent higher than the national average. 129 Nearly
two million veterans reside in California. 130
End call-out box
● Establish a Partnership for Workforce Development. The California Workforce
Development Board could partner with universities, community and technical colleges,
and offshore wind industry leaders to finance, design, and develop training programs.
Since numerous European offshore wind firms have expressed a desire to expand
operations into California and have a vested interest in supporting the development of a
trained and ready workforce, California could leverage these relationships to fund
workforce development activities. These efforts could be modeled after Vineyard Wind’s
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commitment to actively seek local talent to fill job openings in Massachusetts and invest
in curriculum development and offshore wind training and mentoring programs to
position the state as an offshore wind leader. 131 Training programs will be developed in
partnership with community colleges, vocational schools, manufacturers, labor unions,
and other organizations such as the Fishing Partnership Support Services. 132
● Invest in Offshore Wind Safety Training. As offshore wind turbines become larger and
installation processes become more complex, working offshore in a marine environment
can also become increasingly challenging and hazardous. Offshore weather conditions
can be harsh and change quickly, which could increase risks to workers throughout the
phases of offshore wind development. To meet the specific safety and training needs of
the offshore wind industry (see call-out box), California could build a West Coast
training facility that offers hands-on instruction in realistic settings. With the support of
public and private investment, the training could cover key safety areas identified by the
Global Wind Organization (GWO) such as first aid, fire awareness, working at heights,
and sea survival. 133 California could model this center after BEI Maritime, which will be
the first offshore wind safety training facility in Virginia. 134 The facility will feature a
large-scale indoor pool and equipment to simulate moving from a boat to a tower,
escaping from an overturned supply vessel, conducting rescues, and transferring tools.
Outside the main facility, trainees will learn firefighting skills and how to evacuate from
a submerged helicopter.
Start call-out box
Offshore Wind Safety Skills
● Advanced Rescue
● Fire Safety
● First Aid
● Marine Safety Training
● Meteorology
● Health & Safety Laws
● Sea Survival
● U.S. Coast Guard Protocols
End call-out box

Policy 4: Align Innovation and Access to Capital Policies with Industry Needs
California’s nascent offshore wind industry will grow and evolve over the coming decades, and
will undoubtedly be influenced by our strong culture of innovation and unmatched access to
capital. The state government, either through the Office of the Offshore Wind Czar, CEC, or
OPC, could encourage the development of new technologies that protect marine ecosystems and
decrease costs, among other objectives. Encouraging the cross-pollination of ideas from different
fields, leveraging local universities and national labs, continuing industry and environmental
needs assessments, facilitating access to capital for local innovators, and establishing publicprivate test beds should be considered as the industry evolves.
Start call-out box
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Opportunity for Innovation in Offshore Wind
California’s offshore wind industry has unique needs such as deep water depths and diverse
marine ecosystems. These characteristics can provide market value for emerging technologies
such as underwater remote-sensing technologies for cable inspections, turbine inspection drones,
artificial intelligence systems to map marine ecosystems, and immersive technical and safety
training through virtual reality. 135
End call-out box
Start call-out box
National Offshore Wind Research and Development Consortium
In June 2018, the U.S. Department of Energy granted the New York Energy Research and
Development Authority an $18.5 million grant to lead the National Offshore Wind Research and
Development Consortium. 136 The Consortium’s goal is to reduce cost and risk while maximizing
the economic benefits of offshore wind. Its independent board of directors is comprised of
developers, lab/utility representatives, and research advisory groups, and its approach is guided
by a national research strategy, project solicitations, and stakeholder engagement. 137 In
November 2018, the Consortium released its technical challenge areas (a precursor to
solicitations) related to offshore wind plant technology advancement. Notably, mooring of
floating structures is one of the first topics outlined by the Consortium. 138 California has joined
the Consortium, signifying an opportunity to leverage federal research dollars and partnerships to
solve shared challenges. 139
End call-out box
Early-Term Development: Starting from when the first leases are issued until the construction
of the first projects, offshore wind innovation goals include assessing industry and environmental
needs, communicating market opportunity to cleantech investors, and engaging the interest of
academics and entrepreneurs.
● Conduct Industry and Environmental Technology Needs Assessment. The CEC,
OPC, advocates, and industry players have begun to identify challenges or opportunities
for the offshore wind industry that may have technological solutions. Hosting a formal
roundtable with an expanded group of local, state, federal, and international stakeholders
to conduct a technology needs assessment can inform early stages of innovation by
providing market signals to entrepreneurs and investors.
● Co-Sponsor a Hackathon and Pitch Competition. Governments, businesses, and
institutions have used hackathons and competitions to creatively engage citizens to create
new products, solve problems in a variety of fields, and stimulate the economy. For
example, the UC San Diego Entrepreneur Challenge offers a $100,000 prize to encourage
innovation in the biomedical field. 140 In DOE’s annual Cleantech UP Collegiate
Competition, student teams compete for prize money while receiving business
development and commercialization training from major research universities. 141 In
2014, Maryland led its first civic hackathon, DataBay Reclaim the Bay Innovation
Challenge, where eighty participants competed to develop and pitch innovative, datadriven solutions to solve Chesapeake Bay’s pollution problem. 142 California state
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officials can partner with universities, national labs, and industry to design, fund, and cohost a hackathon or pitch competition, which can be informed by the technology needs
assessment. Large, multinational firms involved in the offshore wind industry or local
cleantech investors may have a willingness to invest in such a competition.
Mid-Term Development: At this point, developers have secured a lease or potentially a power
purchase agreement, and a pipeline of projects are in the queue. More investors seek
opportunities in the California market and would be likely to provide in-kind support for joint
industry projects.
● Initiate Joint Industry Projects. Given the unique nature of the offshore wind industry
on the West Coast, a coordinated research body that advances R&D would be extremely
valuable. Joint industry projects such the Floating Wind JIP Collaborative established in
2016 between partners such as Shell, Ørsted, EnBW, E.ON, Iberdrola, and Carbon Trust
is a model that leverages private-sector resources to solve common industry
challenges. 143 A Joint Industry Project led by DNV GL similarly aims to establish a cost
structure for the development process and standardize floating turbine certification
processes. 144 A joint industry project could be established in California to solve West
Coast-specific industry challenges, potentially receiving state and/or federal funding.
● Establish an Offshore Wind Accelerator for Local Entrepreneurs. California has
more startups and significantly greater levels of capital invested than other states. In
2016, accelerators invested over $47 million in California’s 863 startup ventures
compared to $17 million invested in New York. 145 During mid-term development,
international investor confidence in California’s offshore wind market will increase, and
academics and innovators will have greater understanding of industry needs. Through
partnerships with universities, national labs, industry, and investors, California can
establish an accelerator for offshore wind-related technologies that provide critical,
industry-specific resources to startups. At the onset of the offshore wind accelerator,
California could provide small grants through the CEC or through a general fund.
● Consider State-Leveraged Mechanisms to Increase Access to Capital for Growing
Businesses. During mid-term development, there will be an increased willingness to
invest in the California offshore wind market by global firms. However, at this stage,
local investors may be less familiar with the technology and its market potential, and
offshore wind entrepreneurs will be faced with significant capital barriers. As California
considers access to capital for emerging businesses, various capital needs should be taken
into account. Some firms require dilutive and non-dilutive funding to commercialize a
new technology, while other small and medium-sized businesses are retooling operations
for offshore wind and need assistance to overcome barriers to market entry. California
policymakers could consider short-term mechanisms to encourage investment in new,
homegrown offshore wind technologies, such as a temporary exemption to the capital
gains tax, an offshore wind fund of funds, technology-specific R&D tax credits, or a
combination of loans and grants. Patient working capital loans could be provided to small
businesses at low interest rates to help fund capital investments or workforce training.
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Grants could be awarded to businesses for bidding costs, administrative expenses, or
facility upgrades, such as the Maryland Offshore Wind Business Development Grant. 146
Late-Term Development: At this stage, projects are installed in California waters, and
additional installations are planned. The pipeline of projects spurs development of local
manufacturing facilities, initiating another wave of R&D focused on offshore wind
manufacturing. California has established itself as a global hub for offshore wind R&D and
entrepreneurship analogous to Silicon Valley. The size of offshore wind turbines continues to
grow, stimulating the need for larger test beds in the United States.
● Provide Innovation Vouchers to Local Manufacturers. As the offshore wind industry
becomes established and there is a clear pipeline of projects, local offshore wind
manufacturing will bloom, subsequently decreasing costly reliance on Asian imports. An
increased need for innovation in manufacturing will emerge, particularly for smaller Tier
2, 3, and 4 suppliers that seek to incorporate new materials and processes in
manufacturing operations. California policymakers could consider supplying smaller
manufacturers with innovation vouchers, which would allow manufacturers to “purchase”
services from national labs to help develop new materials or manufacturing processes.
Modeled off of state-funded programs in New Mexico and Tennessee, the innovation
vouchers could enable smaller suppliers to connect with academics, tap into R&D centers
around the country (e.g., Clemson and New York), or connect with global research
efforts. 147
● Create a Multidisciplinary Academic Research Program. Offshore wind requires
systems thinking and multidisciplinary collaboration, but private entities are typically
unwilling to fund longer-term, complex, and multidisciplinary research efforts. 148
Therefore, academics and thought leaders from policy, economics, social sciences, civil
and electrical engineering, geophysics, biology, and data science (to name a few) will
need sustained support to bolster the state’s vision for development. State, federal, and
private research investments could be pooled at an academic institution committed to a
transdisciplinary approach to developing the offshore wind industry. Arizona State
University’s School of Sustainability is a model for transdisciplinary research and
education; the model has been replicated at University of Michigan and could provide
guidance to establish a transdisciplinary offshore wind institute in California.
● Propose Additional Test Beds. Turbines will continue to grow in size and the state’s
grid system will evolve. Facilities designed to test large-scale systems, such as Clemson’s
15 MW test rig, will become inadequate for next-generation generator testing. 149 As
national test bed needs evolve, California could propose establishing facilities to test the
reliability of large generators and their impact on grid integration. Additionally, ocean
test beds for in situ monitoring of foundations, substructures, and underwater ecosystems
will be valuable during later-phase development. Test beds would likely be sponsored by
the federal government and require private and state investments.
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Policy 5: Upgrade Ports and Establish Port Innovation Districts
Why California Must Invest in Its Ports
If California seeks to achieve large-scale development of offshore wind, the state must make
investments in its port and harbor facilities to support the assembly, staging, fabrication, and
construction of turbine components. Globally, ports are the nucleus of offshore wind
development and play a unique role in the cost reduction and efficiency of offshore wind
projects. In this fast-growing industry, ports are required to facilitate ever-larger turbine
components, bigger vessels, and an increased number of activities that span the entire life-cycle
of an offshore wind project, from assembly and operations and maintenance (O&M) to
decommissioning. Wind turbine capacity will increase beyond 10 MW and rotor diameters will
reach sizes over 650 feet by the early 2020s; therefore offshore wind ports will need to have
adequate capacity to support the handling of these components. 150 Because they are increasingly
becoming sites for industry resources such as manufacturing warehouses, testing facilities, and
training centers, ports are a natural focal point for offshore wind knowledge, labor, and capital.
California’s ports are the largest on the West Coast and provide the state a competitive advantage
due to assets such as access to deep water and available space for new facilities. 151 However,
continued port planning and upgrades will be required to support the evolving needs of the
offshore wind industry. As offshore wind technology becomes more advanced and turbine
components become larger, California will need to address logistical challenges through a multipronged, years-long effort that targets several components of port operations including material
handling capacity, innovation, safety training, and workforce development. This effort will
require port officials and state and local leaders to work together to identify port needs and assess
possible funding mechanisms. It will also demand regular underwater excavation service from
the U.S. Army Corp of Engineers to maintain the federal navigation channel and improve
navigation channel depths, a process known as dredging. 152 Many ports will require navigational
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aids such as physical and electronic buoys and regular surveys of navigation routes to ensure safe
passage. Investing funds to increase load-bearing capacity and provide other site improvements
at port and harbor facilities could have a ripple effect across other sectors, leading to economic
revitalization in communities along California’s coast. In fact, upgrades to a single U.S. port for
offshore wind readiness could generate 6,000 full-time equivalent jobs and add $449 million to
the state’s gross domestic product. 153 Such investments are needed to modernize port districts,
attract other innovative industries, and allow ports to be competitive in the twenty-first century
economy.
Start call-out box
Steps to Mobilize Offshore Wind Readiness at California’s Ports
1. Conduct holistic assessment of regional port infrastructure and capabilities, initiate
outreach to relevant stakeholders, and monitor progress at other U.S. offshore wind ports
2. Engage with industry leaders to ensure that the timeline for port upgrades aligns with
opportunities for offshore wind development
3. Secure public and private investment to complete port upgrades
4. Establish manufacturing network and ramp up offshore wind activity at ports 154
End call-out box
Upgrade Ports to Mobilize Offshore Wind Activity
BOEM has received two unsolicited lease requests from the Redwood Coast Energy Authority
(RCEA) and Castle Wind for sites off the coast of Humboldt County and San Luis Obispo
County, respectively. 155 In these areas of high-potential development, ports are the focal point of
activity and will require funds for capacity upgrades. The Port of Humboldt Bay is the only deep
water port north of San Francisco that can facilitate access to wind speeds above ten meters per
second and has hundreds of acres of vacant industrial space to support dockside turbine
assembly, making the Port a strategic advantage for California’s offshore wind industry. 156
Access has improved due to roadwork on Highway 299, but the Port will require quayside
upgrades and continued dredging to support the assembly and towing of offshore wind
components. 157 Although the Port of Morro Bay has limited capacity to support the staging and
transportation of heavy turbine components, the Port is similarly well located to facilitate
offshore wind development on the central coast of California. 158 In addition to capacity
upgrades, enabling firms in the value chain to co-locate in close proximity to these ports can
streamline offshore wind activity and innovation, as seen in the impact of recent investments at
the Port of Taichung (see case study).
Establish Port Innovation Districts
Not only is proximity to the port a key consideration for business, but proximity to research and
innovation is a key factor in where offshore wind firms locate. Innovation districts are
geographic areas where anchor institutions and companies cluster, connecting with startups,
incubators, and accelerators. 159 Proximity between these entities has been shown to be a large
driver in innovation, especially between networks of manufacturers, logistics firms, customers,
and researchers—all key players in the offshore wind value chain. 160 Innovation districts perform
well when associated with unique infrastructure such as ports. 161 Other factors that promote
successful innovation districts include on-site university research programs, incubators that
provide facilities and support for startups, anchor company facilities, common areas, and flexible
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office space. 162 For example, the Schatz Energy Research Center is closely located to the Port of
Humboldt Bay and could provide the area with a competitive advantage for offshore wind
development. Examples of successful innovation districts include the newly established
Rotterdam Smart Manufacturing Innovation District at the Port of Rotterdam (see case study).
Engage Local Communities in Port Revitalization Efforts
California is home to eleven major ports that are dotted along the state’s diverse coastline. 163 In
addition to their role in creating jobs and transporting goods, ports could partner with
communities to offer workforce development and maritime safety training programs, protect the
environment, and coordinate long-term planning efforts in a way that maximizes benefits to the
local economy. California’s ports could ensure that community members have the first
opportunity to find employment by offering access to training towers to simulate offshore wind
conditions and training in skills such as maritime welding and safety and environmental
response. These initiatives could be modeled after programs at the Port of New Bedford and the
Waterfront Protection Pier at the Massachusetts Maritime Academy. California also has an
opportunity to empower its local communities to have a voice in how offshore wind develops
within their districts. The state could solicit information and ideas from developers and qualified
locals alike to identify necessary port upgrades and appropriate financing mechanisms (see New
Jersey case study).
Case Study: Growing an Industry Cluster at the Port of Taichung
By 2025, the Taiwanese government is projected to invest $260 million on port infrastructure
upgrades that will support a 5.5 GW offshore wind procurement goal. 164 In 2017, the Taiwan
International Ports Corporation (TIPC) identified the Port of Taichung as the optimal port to
facilitate offshore wind deployment in Taiwan and serve as the largest offshore wind port in
Southeast Asia. 165 TIPC has designated 247 acres of land surrounding the port for an industrial
park for wind components, an investment of $92 million.166 This venture is aimed at attracting
domestic and international offshore wind firms to expand their operations onto Taiwanese soil,
and has successfully captured investment from COWI, a Danish engineering consulting firm. 167
COWI is developing thirty-two jacket foundations, which will enable installed turbines in
Taiwan to withstand waves that are over sixty-five feet high. 168 TIPC also has plans to develop
offshore wind power maintenance and safety training courses to cultivate a pipeline of skilled,
local workers who can staff firms that have co-located at the Port of Taichung. 169 By enabling
offshore wind companies to set up operations near the Port of Taichung, Taiwan has become the
ideal hub for offshore wind development in the region.
Case Study: Establishing an Innovation District at the Port of Rotterdam
The Rotterdam Innovation District (RID) is a burgeoning entrepreneurial hub located at the Port
of Rotterdam. RID was established by the port and city of Rotterdam in 2015 as a response to a
Dutch policy assessment that identified the need for more spending on innovation. 170 Industrial
buildings of former shipyards and abandoned waterfronts were redeveloped to form RID. 171 RID
includes an experimental living and working space for innovators in cleantech and medical
clusters, a startup accelerator, prototyping facilities, and an investment fund for port-related
innovations. 172 Universities and research centers such as Albeda College, Rotterdam University
of Applied Sciences, Delft University of Technology, and Yes!Delft have co-located at RID. 173
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If mid-sized manufacturers want to locate at RID, they must engage with researchers and
students and use the space actively for production. 174
Case Study: Empowering Local Communities in New Jersey
In 2018, the New Jersey Economic Development Authority (NJEDA) issued a Request for Ideas
(RFI) to solicit information on implementing infrastructure upgrades and supply chain programs
to support offshore wind development at port facilities. 175 The purpose of the RFI was to collect
ideas from offshore wind developers, industrial real estate developers, port operators, port
authorities, other development agencies, and local governments that could provide insight on
specific port infrastructure requirements and financing and support needs across New Jersey. 176
Notably, the RFI asked respondents to answer questions on the role that state agencies should
play in port development, such as:
● What types of public-private partnerships or industry collaborations could be formed to
support the development of port infrastructure?
● What best in-class approaches or tools should NJEDA or the state government establish?
● What forms of non-financial support could state agencies utilize to facilitate port
upgrades (e.g., permitting support and stakeholder engagement)?
● What types of investments in port infrastructure could the state reasonably expect from
private stakeholders (e.g., anchor tenancy at ports, support on port design and
development, direct investment into port infrastructure)?
● What complementary industries and port uses should be assessed with offshore wind to
de-risk any investments?
The data collected from the RFI may be used to develop an offshore wind financing and
development strategy for specific New Jersey ports, with a goal to lower the levelized cost of
energy (LCOE) for offshore wind. 177
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Call to Action
As California welcomes a new state administration, policymakers and stakeholders will need to
think critically about paving the way for a resilient economic, environmental, and energy future.
This will require bold leadership to guide the transition towards a stable energy system that
creates opportunities for workers and businesses while preserving the state’s cherished
environmental values. Offshore wind represents an opportunity for California to achieve this
future, potentially supporting more than 17,500 jobs in 2045 while helping the state be at the
forefront of the fight against climate change.
The offshore wind industry is nascent in California; therefore, the state stands to benefit from a
coordinated, stakeholder-driven development approach that begins with thorough data collection
and environmental analyses. Offshore wind is unlike any industry we have seen as it necessitates
collaboration between an unprecedented number of agencies and stakeholders at the federal,
state, and local levels. The industry will also require funds to retool and revitalize ports, build
new transmission lines, and support workforce development.
Despite the upfront challenges, the stakes of inaction are high. If California takes a back seat to
offshore wind development, the state will lose the opportunity to guide and grow the industry
with a values-driven framework and leverage offshore wind as a tool to balance the grid and
maintain its climate leadership. If we do not create a vision for this new industry, we may repeat
the mistakes of past development: threatened vital ecosystems and a workforce that does not
reflect our population.
In California, we recommend a cluster-based approach that fosters the building blocks of
industry growth, such as workforce training and clear market signals. The recommendations in
this report are complementary and intended to help California drive technological advances,
explore innovating project financing models, equip workers with needed skills, and grow
demand for offshore wind. They include short-term actions to jumpstart the industry (e.g.,
provide offshore wind seminars for energy professionals, study the value of offshore wind, and
co-host an offshore wind technology pitch competition) as well as long-term actions for when the
industry is underway (e.g., provide innovation vouchers for manufacturers). Because the timeline
for offshore wind development is long, policymakers and stakeholders should consider
appropriate time horizons for action.
California’s leaders can draw from dozens of innovative strategies that city, county, and state
governments across the country and abroad have implemented in order to create job
opportunities in the advanced energy industry. Examples of these best practices and a fully cited
version of this report can be found on the American Jobs Project website at
http://americanjobsproject.us/. Furthermore, the American Jobs Project can continue to serve as a
partner to California by organizing working groups and conducting deeper analyses, such as
identifying value chain gaps, exploring policy strategies, and evaluating the state's comparative
advantage in other advanced industries.
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When a state succeeds in building an economic cluster, the benefits are felt throughout the state:
a more resilient state economy, a skilled twenty-first century workforce that is trained for the
jobs of tomorrow, a firm base of young people optimistic about job opportunities close to home,
and a rich hub for innovation and collaboration.
Start call-out box
Growing the Offshore Wind Cluster, Growing Jobs
•
•

•
•
•

Appoint a California Offshore Wind Czar
Set a Market Acceleration Target and Establish a Comprehensive Approach to Offshore Wind
Studies
Establish a Phased Approach to Offshore Wind Workforce Development
Align Innovation and Access to Capital Policies with Industry Needs
Upgrade Ports and Establish Port Innovation Districts

End call-out box
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Appendix A: Job Estimates and
Economic Impact Methodology
The American Jobs Project believes the key to job creation lies in local action. Our job estimates
are intended to start a conversation about how state and local leaders can work together to set
goals and evaluate potential economic impacts.
The American Jobs Project and BVG Associates (BVGA) worked together to create realistic
technology scenarios based on research and interviews with local partners. BVGA performed the
economic analysis, employing a proprietary methodology that was created in partnership with
Steve Westbrook from the University of the Highlands and Islands. This methodology is based
on specific offshore wind industry and supply chain data and is informed by BVGA’s extensive
experience in this industry; therefore, it is more accurate than conventional economic impact
methodologies.
We suggest that offshore wind can serve as a major vehicle for state economic growth, create
quality jobs for Californians, and help the state achieve carbon-neutral power generation by
2045. If California can develop 18 GW of installed offshore wind capacity by 2045 and
strengthen its supply chain to serve local projects, the state’s offshore wind industry could
support more than 17,500 California jobs in 2045.
Start call-out box
Definitions
Job-Year
A full-time equivalent job or any combination of work that is equal to a full-time job over
one year. For example, two people working half-time for a full year would equal one jobyear.
Direct Jobs
Jobs created or sustained by project developers or their main contractors in the target
state industry.
Indirect Jobs
Jobs created or sustained due to demand from developers or contractors for equipment,
materials, and services for the target state industry.
Induced Jobs
Jobs created or sustained due to increased local spending by developers or contractors in
the target state industry and their suppliers. For example, induced jobs could be created at
a local sandwich shop due to increased spending by offshore wind workers.
Multiplier Effect
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Refers to when the economic impact generated is larger than the initial investment due to
cascading spending from the target state industry to its supplying industries and
workforce to products and services in the local economy.
End call-out box

Modeling Approach
We model economic impacts across two offshore wind deployment scenarios derived by industry
experts and based on existing projections. Each scenario is divided into three phases: Phase 1
spans from 2019 through 2025, Phase 2 spans from 2026 through 2035, and Phase 3 spans from
2036 through 2045. The first scenario (Status Quo Policy) assumes 5 GW of installed offshore
wind capacity by 2045. This scenario reflects the possibility of major use conflicts with military
testing, training, and operations centers along the central and southern California coast, which
will require the construction of new transmission infrastructure on the northern coast. The second
scenario (Strategic Growth Policy) assumes 18 GW of installed capacity by 2045. This second
scenario is an update to the 2016 analysis by the National Renewable Energy Laboratory
(NREL); it projects greater installed capacity on an accelerated timeline to account for increased
activity in the regional offshore wind industry. 178 In the last two years, multiple developers have
expressed interest in the California market and floating offshore wind costs are now projected to
be significantly lower than they were assumed to be in the NREL reports. Refer to California
Offshore Wind Development Scenarios: 2019 to 2045 on pages 26-28 for more assumptions and
distinctions between Status Quo Policy and Strategic Growth Policy Scenarios.
Our analysis assumes the California market will initially focus on floating offshore wind
demonstration projects and then see robust build-out of commercial-scale floating projects, with
the potential for growth of airborne offshore wind (see Appendix B).
Evolution of Offshore Wind Technology in California
2019–2025

R&D and demonstration projects
Floating demonstration projects integrated with storage

2026–2035

Commercial-scale floating projects
Airborne demonstration projects

2036–2045

Commercial-scale floating projects
Potential commercial-scale airborne projects

To calculate economic impacts, we first mapped which offshore wind components and services
could be supplied by the California supply chain for each phase of each scenario. Potential
supply chain activities spanned twenty categories from project development to decommissioning
(see sidebar). The mapped supply chain impacts for each activity informed annual estimates of
direct jobs (supported by project developers and their main contractors) and indirect jobs
(supported by their supply chains) for each scenario. Indirect jobs were distinguished between
‘specific’ indirect jobs (those involved in delivering specialist components and services) and
‘general’ indirect jobs (those involved in providing the types of services that all companies use).
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The job estimates for each activity were based on data gathered from European offshore wind
projects, which BVG Associates has analysed in detail. Induced job creation (from the
recirculation of workers’ salaries) was calculated by using multipliers derived from
representative industries in California, based on the assumption that personal spending patterns
are unlikely to vary between industrial sectors.
Start call-out box
Supply Chain Activities
• Project development and management
• Manufacturing
o Nacelle, hub, and assembly
o Blades
o Tower
o Foundation supply
o Array cable supply
o Export cable supply
o Onshore and offshore substation supply
o Operational infrastructure
• Installation
o Turbine installation
o Foundation installation
o Array cable installation
o Export cable installation
o Other installation
• Operation, maintenance, and service
o Wind farm operation
o Turbine maintenance and service
o Foundation maintenance and service
o Subsea cable maintenance and service
o Substation maintenance and service
• Decommissioning
End call-out box
Job estimates are calculated as the average number of full-time equivalent jobs that the state can
sustain in the last year of each phase of development. Additionally, job losses in industries that
compete with those in our analysis are not evaluated. Models do not perfectly predict behavior,
so job estimates could vary based on the reality of what projects actually progress, what is
purchased locally, and foreign and domestic competition. The estimates presented in this report
demonstrate that economic outcomes will be highly dependent on increased market certainty and
sustained local action towards developing the offshore wind industry in California.
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Appendix B: Technology Spotlight:
Airborne Wind
Because energy resource diversification is critical for California to achieve carbon-neutral power
generation by 2045, California should meaningfully consider other innovative technologies to
meet growing electricity demand in the state, such as airborne wind. Airborne wind harnesses
wind energy by deploying flying blades or wings that are mounted with an onboard generator or
tethered to a generator on the ground. 179 The global airborne wind energy market has attracted
approximately $200 million in investments from respected companies such as Google, E.ON,
and Shell, and is projected to grow significantly over the coming years. 180 One of the leading
airborne wind developers is Alameda-based firm and Alphabet subsidiary Makani. 181
The company has developed an aerodynamic, carbon fiber-reinforced wing that spans eighty-five
feet and is mounted with eight spinning rotors that harness wind energy and then transfer up to
600 kW of power to the grid via a tether to the ground. 182 Makani conducted its first commercialscale power-generating flights at a California test site in December 2016 and began initial testing
operations on Hawaii Island in June 2018. 183
The Makani energy kite system has many technical advantages. It is 90 percent lighter than a
conventional wind turbine of a similar power rating, allowing the system to unlock wind energy
resources in areas like deep water offshore that are not economically viable for existing
technologies. 184 Compared to a conventional wind turbine, the kite can be easily transported and
installed, suggesting that technology deployment will be unlikely to require costly upgrades to
port infrastructure. 185 The design of Makani's system means that wind farms can exist in new
places, increasing the overall percentage of energy that comes from the wind. California’s
policymakers should consider taking action to support airborne wind and other innovative
technologies in our own backyard, such as clarifying and streamlining siting and permitting
processes.
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Appendix C: References for Infographics
Anatomy of an Offshore Wind Turbine
“How Do Wind Turbines Work?,” U.S. Department of Energy, accessed May 2, 2018,
https://www.energy.gov/eere/wind/how-do-wind-turbines-work.
Rena Marie Pacella, “How It Works: The Next-Gen Wind Turbine,” Popular Science, March 26,
2010, accessed May 2, 2018, https://www.popsci.com/technology/article/2010-03/next-genwind-turbine.
Offshore Wind Milestones in California
“2016 – Task Force Meeting: One,” BOEM, October 13, 2016, accessed December 14, 2018,
https://www.boem.gov/2016-CA-Task-Force-Meeting-One/.
“2018 – Task Force Meeting: Two,” BOEM, September 17, 2018, accessed December 14, 2018,
https://www.boem.gov/Task-Force-Meeting-Two/.
“A Citizen’s Guide,” Bureau of Ocean Energy Management, pg. 6-7, accessed December 13,
2018, https://www.boem.gov/KW-CG-Broch/.
“BOEM Initiates Planning for California Offshore Renewable Energy Task Force,” BOEM, May
31, 2016, accessed December 14, 2018, https://www.boem.gov/press05312016/.
“California Activities,” BOEM, accessed December 14, 2018, https://www.boem.gov/California/.
“California Floating Wind Project Commits to Local Content,” Offshorewind.biz, December 7,
2018, accessed January 30, 2019, https://www.offshorewind.biz/2018/12/07/california-floatingwind-project-commits-to-local-content/.
“Community Benefits Agreement - Castle Wind Morro Bay Offshore Wind Farm Project,” City
of Morro Bay, November 29, 2018, accessed December 14, 2018,
https://assets.documentcloud.org/documents/5448635/Read-the-community-benefits-agreementbetween.pdf.
“Outreach Summary Report: California Offshore Wind Energy Planning,” BOEM, September
2018, accessed December 14, 2018, https://www.boem.gov/California-Outreach-SummaryReport/.
Susanne Rust, “It’s safe and emissions free. So why is California in the doldrums around
offshore wind?,” Los Angeles Times, December 8, 2018, accessed December 14, 2018,
https://www.latimes.com/local/california/la-me-california-offshore-wind-morro-bay-20181208story.html.
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“Unsolicited Application for an Outer Continental Shelf,” Redwood Coast Energy Authority,
September 2018, accessed December 14, 2018, https://www.boem.gov/Unsolicited-LeaseRequest-RCEA/.
“Unsolicited Application for an Outer Continental Shelf,” Trident Winds, January 14, 2016,
accessed December 14, 2018, https://www.boem.gov/MBO-Unsolicited-OCS-Lease-Request/.
Estimated Change in Levelized Cost of Energy (LCOE) for Floating Offshore Wind
Projects
Ryan Wiser, Karen Jenni, and Joachim Seel, “Forecasting Wind Energy Costs and Cost Drivers:
The Views of the World’s Leading Experts,” IEA Wind, pg. 13, June 2015, accessed October 25,
2018, https://emp.lbl.gov/sites/all/files/lbnl-1005717.pdf.
Job Opportunities in Offshore Wind
“May 2017 State Occupational Employment and Wage Estimates California,” U.S. Bureau of
Labor Statistics, May 2017, accessed October 22, 2018,
https://www.bls.gov/oes/current/oes_ca.htm.
“Occupational Outlook Handbook,” U.S. Bureau of Labor Statistics, accessed October 22, 2018,
https://www.bls.gov/ooh/.
Innovation Ecosystem - Examples of State Assets to Support Offshore Wind Development
“About Scripps,” Scripps Institution of Oceanography, accessed October 18, 2018,
https://scripps.ucsd.edu/about.
“About the Lab,” Berkeley Lab: Bringing Science Solutions to the World,” accessed October 18,
2018, http://www.lbl.gov/about/.
Ben Hoen, Joseph Rand, Ryan Wiser, Jeremy Firestone, Debi Elliott, Gundula Hübner, Johannes
Pohl, Ryan Haac, Ken Kaliski, Matt Landis, and Eric Lantz, “National Survey of Attitudes of
Wind Power Project Neighbors: Summary of Results,” Berkeley Lab, pg. 4, January 2018,
accessed October 18, 2018,
https://emp.lbl.gov/sites/default/files/paw_summary_results_for_web_page_v6.pdf.
“Economic Impact,” Lawrence Livermore National Laboratory, accessed October 18, 2018,
https://www.llnl.gov/missions/energy.
“LLNL economic impact – FY18,” Lawrence Livermore National Laboratory, accessed October
18, 2018, https://www.llnl.gov/doing-business/economic-impact.
“Sandia/California Economic Impact Summary,” Sandia National Laboratories, accessed
October 18, 2018, https://www.sandia.gov/working_with_sandia/economic_impact/california/.
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“Wind Power,” Lawrence Livermore National Laboratory, accessed October 18, 2018,
https://www-gs.llnl.gov/energy-cyber-and-infrastructure/windpower.
“Wind,” Stanford Energy, accessed October 18, 2018,
https://energy.stanford.edu/research/renewable-energy/wind.
Access to Capital - Examples of State Assets to Support Offshore Wind Development
“31 Angel Investor Groups in California,” Barbera Corporate Law, P.C.,” April 2, 2014,
accessed October 19, 2018, http://barberacorporatelaw.com/blog/2014/4/2/30-angel-investergroups-in-california.
“California Capital Access Program (CalCAP) for Small Business,” California State Treasurer,
accessed October 19, 20108, https://www.treasurer.ca.gov/cpcfa/calcap/sb/index.asp.
“California: Small Business Loan Guaranty Program and State Small Business Credit Initiative,”
California Infrastructure and Economic Development Bank, pg. 2, accessed October 19, 2018,
http://dbo.ca.gov/Resources/small_businesses/files/CaliforniaInfrastructureandEconomicDevelop
mentBank.pdf.
“History,” Investor’s Circle, accessed October 19, 2018,
https://www.investorscircle.net/about/history/.
“Incentives & Resources,” San Francisco Center for Economic Development, accessed October
19, 2018, http://sfced.org/incentives-resources/city-incentives/.
Justin Fox, “California’s Venture Capital Appeal Keeps Growing,” Bloomberg, January 19,
2016, accessed October 19, 2018, https://www.bloomberg.com/view/articles/2016-0119/california-is-the-place-to-be-for-venture-capital.
“Opportunity Fund Northern California,” Walter & Elise Haas Fund, accessed October 19, 2018,
https://haassr.org/grant/opportunity-fund-northern-california/.
“Optimizing the Energy Transition,” California Clean Energy Fund, accessed October 19, 2018,
http://calcef.org/.
“Overview,” CleanTech Open, accessed October 19, 2018, https://cleantechopen.org/.
Tatiana Fedorova, “Top Social Venture Capital Firms San Francisco Bay Area,” GOODdler,
May 5, 2017, accessed October 19, 2018, https://medium.com/gooddler-tech-andphilanthropy/top-social-venture-capital-firms-san-francisco-bay-area-73fc5edaf109.
Workforce Development - Examples of State Assets to Support Offshore Wind
Development
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“Advanced Manufacturing & Transportation Apprenticeships of California,” AMTAC, accessed
October 19, 2018, https://amtac-apprentice.org/.
“Alternative Energy Technology-Certificate,” Rio Hondo College, accessed October 19, 2018,
http://www.riohondo.edu/academics/alternative-energy-technology-certificate/.
“California Advanced Manufacturing Apprenticeship Collaborative,” California Advanced
Manufacturing Apprenticeship Collaborative, accessed October 19, 2018, http://www.camac.us/.
“California Maritime Academy - Marine Transportation, Logistics, & Engineering Education,”
EduMaritime, accessed October 18, 2018, https://www.edumaritime.net/california/californiamaritime-academy-vallejo.
“Cal Maritime Team Wins U.S. Department of Energy Wind Competition,” Cal Maritime,
accessed October 18, 2018, https://www.csum.edu/web/support/campus-news-archive/2018/calmaritime-team-wins-u.s.-department-of-energy-wind-competition.
“Data and Statistics,” United States Department of Labor Employment and Training
Administration,” accessed October 19, 2018, https://doleta.gov/oa/data_statistics.cfm.
“Energy Resources,” Humboldt State University Environmental Resources, Engineering,
accessed October 18, 2018, http://engineering.humboldt.edu/academics/undergraduateemphases/energy-resources.
“Power Systems and Sustainable Energy Program,” Santa Clara University School of
Engineering, accessed October 19, 2018, https://www.scu.edu/engineering/academicprograms/power-systems-and-sustainable-energy-program/.
“Renewable Energy and Communications Tower Technician Program,” Airstreams Renewables,
Inc., accessed October 19, 2018, http://airstrea.w21.wh2.com/Content/img/as1007progdescriprev17.pdf
“Renewable Energy Certificate,” Santa Clara University School of Engineering, accessed
October 19, 2018, https://www.scu.edu/engineering/academic-programs/power-systems-andsustainable-energy-program/renewable-energy-certificate/.
“Maritime Safety and Security Center (MSCC),” Cal Maritime, accessed October 18, 2018,
https://www.csum.edu/web/industry/mssc.
“Who We Are,” Airstreams Renewables, Inc., accessed October 19, 2018, http://airstreams.com/Pages/Who-We-Are.
Local Market - Examples of State Assets to Support Offshore Wind Development
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“California and Denmark Sign Offshore Wind MoU,” offshoreWIND.biz, accessed October 19,
2018, https://www.offshorewind.biz/2018/05/02/california-and-denmark-sign-offshore-windmou/.
“California Competes Tax Credit Frequently Asked Questions,” Governor’s Office of Business
and Economic Development, July 24, 2018, pg. 2, accessed October 26, 2018,
http://www.business.ca.gov/Portals/0/CA%20Competes/Docs/CaliforniaCompetesFAQ.pdf.
“Gov. Brown signs historic bill putting California on the path to 100% clean energy,” Sierra
Club, September 10, 2018, accessed October 19, 2018, https://www.sierraclub.org/pressreleases/2018/09/gov-brown-signs-historic-bill-putting-california-path-100-clean-energy.
“Incentives & Resources,” San Francisco Center for Economic Development, accessed October
19, 2018, http://sfced.org/incentives-resources/city-incentives/.
“Sales and Use Tax Exclusion (STE) Program,” California State Treasurer, accessed October
19, 2018, https://www.treasurer.ca.gov/caeatfa/ste/index.asp.
“Scotland and California Discuss Offshore Wind, Sign Climate Change MOU,”
offshorewind.BIZ, accessed October 29, 2018,
https://www.offshorewind.biz/2017/04/04/scotland-and-california-discuss-offshore-wind-signclimate-change-mou/.
Walter Musial, Philipp Beiter, Suzanne Tegen, and Aaron Smith, “Potential Offshore Wind
Energy Areas in California: An Assessment of Locations, Technology, and Costs,” National
Renewable Energy Laboratory, December 2016, pg. 28, accessed October 25, 2018,
https://www.nrel.gov/docs/fy17osti/67414.pdf.
Value Chain - Examples of State Assets to Support Offshore Wind Development
“California Floating Wind Project Commits to Local Content,” Offshorewind.biz, December 7,
2018, accessed January 30, 2019, https://www.offshorewind.biz/2018/12/07/california-floatingwind-project-commits-to-local-content/.
“Computing America’s Offshore Wind Energy Potential,” Office of Energy Efficiency &
Renewable Energy, September 9, 2016, accessed October 19, 2018,
https://www.energy.gov/eere/articles/computing-america-s-offshore-wind-energy-potential.
“Principle Power’s WindFloat provides the foundation for the Kincardine floating wind project’s
first electrons,” Principle Power, November 1, 2018, accessed January 25, 2019,
http://www.principlepowerinc.com/en/news-press/press-archive/2018/11/01/principle-powerswindfloat-provides-the-foundation-for-the-kincardine-floating-wind-projects-first-electrons.
“Redwood Coast Energy Authority and Consortium of Development Partners Submit Lease
Application for Northern California Offshore Wind Energy Project,” Redwood Coast Energy
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Authority, September 12, 2018, accessed January 25, 2019, https://redwoodenergy.org/wpcontent/uploads/2018/09/RCEA-BOEM-Lease-Appl-Press-Release_91218.pdf.
“WindFloat,” Principle Power, accessed January 25, 2019,
http://www.principlepowerinc.com/en/windfloat.
Evolution of Offshore Wind Turbine Heights and Output
Reed Landberg, “Clean Energy is Approaching a Tipping Point,” Bloomberg, September 19,
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