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Executive Summary

Offshore wind has tremendous potential in the United States as a clean, renewable source of
electricity. This report uses the offshore wind Jobs and Economic Development Impacts (JEDI)
model' and provides four case studies of potential offshore wind deployment scenarios in
different regions of the United States: the Southeast, the Great Lakes, the Gulf Coast, and the
Mid-Atlantic. Researchers worked with developers and industry representatives in each region to
create potential offshore wind deployment and supply chain growth scenarios, specific to their
locations. These scenarios were used as inputs into the offshore JEDI model to estimate jobs and
other gross economic impacts in each region.

Study results show that in addition to being a promising source of electricity, offshore wind also
has the potential to drive regional economic development. How significant of a driver depends
on how much offshore wind capacity is deployed. Specifically, the results from the four regional
case studies describe how and to what extent increased investment in offshore wind technology
and labor force development could translate into increased employment in the offshore wind
industry.

To obtain the best regional assumptions for this report, the four scenarios (combining
deployment, labor force, and regional supply chain development) were constructed specifically
for each region, and this affects the analysis results. The scenarios vary in terms of their levels of
relative deployment potential as well as assumptions about the local workforce and supply chain.
Sourcing components locally reduces transportation costs, times, and risks and increases the
economic impacts to the local economy. One study showed that the total construction costs of a
hypothetical 588-megawatt (MW) offshore wind farm built off the coast of Virginia with
turbines imported from Europe would be 17% more expensive than building the same wind farm
with turbines manufactured locally (VCERC 2010).

Differences in the scenarios (e.g., local content assumptions) result in regional economic
comparisons that are not “apples to apples.” In other words, it is not appropriate to compare
regional results on a dollars- or jobs-per-megawatt basis, given the actual and modeled regional
variances. Table ES-1 shows ranges of jobs per megawatt in the four regions we examined, but it
cannot be used as a nationwide average due to the variance in regional model inputs, differences
in real regional wind conditions, and the fact that all regions of the country were not included.

Table ES-1. Regional Ranges of Jobs Per Megawatt from Offshore Wind in Four Regions
Results (Jobs/MW) Low Scenario Moderate Scenario High Scenario
Regional ranges 14 - 27 17 - 28 25 - 31

In the Southeast region, offshore wind energy development has the potential to support between
14 and 44 full-time equivalent (FTE) jobs/MW during construction periods and 1.6 and 1.7 FTE
ongoing (operations phase) jobs/MW. Many large ports in the Southeast region could be used as
staging areas and for component manufacturing, such as the Port of Virginia, Port of Charleston,

! For more detailed information on the Offshore Wind JEDI model, please see the model user reference guide at
www.nrel.gov/docs/fy130sti/58389.pdf
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and Port of Savannah. There is existing economic activity in industries similar to offshore wind
in the Southeast, so the regional workforce and infrastructure could contribute to offshore wind
in the future.

In the Great Lakes region, the lack of tides and decreased corrosiveness of freshwater compared
to saltwater present advantages; however, the main concerns are logistical. Lock and other
seaway constraints, as well as farther average distances from shore for the potential turbines
(compared to ocean projects), are likely to increase costs. On average in the Great Lakes, there
could be between 6 and 27 FTE jobs/MW installed and 0.7 and 0.8 FTE jobs/MW for the
projects’ ongoing operation.

According to a report published by the National Renewable Energy Laboratory (NREL), more
than 30% of the total U.S. offshore wind potential in the 0- to 30-m depth is concentrated in the
Gulf of Mexico (Musial and Ram 2010). The offshore oil and gas industry in the Gulf of Mexico
uses approximately 3,700 offshore structures to extract one-fourth of the total U.S. oil production
and one-eighth of natural gas (Kaiser 2010). Given the similarity between the foundations and
substructures needed for offshore wind development and those used by the oil and gas industry,
the existing manufacturing workforce and infrastructure could add to the percentage of local
labor and materials used in the development of offshore wind or speed the development of a
local supply chain. Our analysis shows that offshore wind deployment has the potential to
support between 25 and 29 FTE jobs/MW during construction and 1.3 FTE jobs/MW on an
ongoing basis, for operations and maintenance.

The Mid-Atlantic region is home to some of the largest ports and logistics infrastructure in the
United States, including the Port of New York and New Jersey, the Port of Baltimore, the Port of
Philadelphia,” and the Port of Virginia. The Mid-Atlantic region is home to a large number of
companies and manufacturers that have the potential to support the offshore wind supply chain.
During construction phases, we estimated that jobs in this region could range from 12 to 30 FTE
jobs/MW, and the average for the ongoing jobs was 1.2 FTE jobs/MW.

In each of the four regions, this research found that an offshore wind industry in the United
States has the potential to support thousands of jobs due to robust workforce requirements, even
at relatively conservative levels of deployment and domestic supply chain growth.

* The Port of Philadelphia can access the Atlantic Coast via the Delaware River.
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List of Acronyms & Abbreviations

AWEA American Wind Energy Association
BOEM Bureau of Ocean Energy Management
DOE U.S. Department of Energy
EIA U.S. Energy Information Administration
FTE full-time equivalent
GAO U.S. Government Accountability Office
GW gigawatt
GWh gigawatt-hours
I-O input-output
JEDI Jobs and Economic Development Impact model
IMU James Madison University
kW kilowatt
M meter
MW megawatt
NREL National Renewable Energy Laboratory
o&M operations and maintenance
RPS renewable portfolio standard
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1 Introduction

Offshore wind has the potential to play a significant role in U.S. electricity generation. The
National Renewable Energy Laboratory (NREL) estimates more than 1,000 gigawatts (GW) of
electricity-generating potential in U.S. waters between 0 and 30 meters (m) deep’ and more than
4,200 GW total capacity in all coastal water” (Musial and Ram 2010; Lopez et al. 2012). In its
National Offshore Wind Strategy Guide,’ the U.S. Department of Energy (DOE) established a
scenario that deployed 54 GW of offshore wind-generating capacity by 2030 and 10 GW by
2020 (Beaudry-Losique et al. 2011). Although as of this publication no commercial offshore
wind development has occurred in the United States, five offshore wind projects are in advanced
stages of development. From a global perspective, most offshore development is located in
Europe’s North Sea.

Deployment in line with goals established by DOE would require significant investment. At the
time of publication, an average offshore wind plant could cost approximately $5,600 per kilowatt
(kW) to install. The 2011 installed cost of a typical 3.6-megawatt (MW) turbine would be more
than $20 million (Tegen et al. 2013). Because of the large expenditures, developers and other
businesses related to the offshore wind industry have the potential to play an important role in
U.S. regional economies. Valuable insights into the scale and scope of local economic
development driven by offshore wind can be gained by analyzing these potential impacts. The
intent of this analysis is to use reasonable deployment numbers to estimate the potential
economic impacts of different levels of offshore wind development, not to predict deployment
scenarios.

There is extensive literature that analyzes the potential development and economic impact of
land-based wind installations and the land-based wind industry in the United States.® Empirical
studies of regional economies where wind development has occurred show that the deployment
of wind power systems has an impact (Brown et al. 2012). Researchers at Lawrence Berkeley
National Laboratory performed an analysis of development and trade data showing that a land-
based wind supply chain has developed in the United States. Indeed, the land-based wind
industry had a measurable impact on the U.S. economy even when it only contributed 3.3% of
the nation’s electricity (Wiser and Bolinger 2012).”

Yet while the technology is similar, there are many differences between offshore and land-based
wind installations. Each has different logistical and labor force requirements, and each operates
under different regulations. Each technology influences material suppliers and manufacturers
differently and has different infrastructure requirements. These are only a few examples from a

*1t’s generally easier and less expensive to install wind turbines in shallower waters.

* This potential is for areas with an average wind speed of 7 m/s or greater at 90-m elevation that are up to 50
nautical miles from the U.S. coast.

> http://energy.gov/eere/wind/downloads/national-offshore-wind-strategy-creating-offshore-wind-energy-industry-
united

6 Sample publications include Brown, Pender, Wiser, Lantz, & Hoen 2012; DOE 2008; Druckenmiller 2012; U.S.
Government Accountability Office (GAO) 2004; Lantz & Tegen 2008; Pedden 2006; Wei, Patadia, & Kammen
2010.

"The U.S. Energy Information Administration estimates that wind power contributed 4.1% to the United States
electricity supply in 2013 and 3.3% in 2012.
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multitude of differences. This offshore wind-specific analysis captures the unique impacts that a
burgeoning offshore wind industry could have in regions of the United States.

This report introduces the Offshore Wind Jobs and Economic Development Impact (JEDI)
model® and explores potential economic development impacts of offshore wind development in
four regions of the United States: the Southeast, the Great Lakes, the Gulf of Mexico, and the
Mid-Atlantic. In doing so, the authors (“we”) introduce the first estimates of economic impacts
from offshore development using the Offshore Wind JEDI model.

The Department of Energy selected the regions in this report based on areas that could deploy
fixed-bottom (monopile or jacket) offshore wind platform technology. There are other domestic
regions with offshore wind potential farther out from shore for which a floating platform would
be necessary (due to the water depth), such as the Northeast. To deploy offshore wind in the
United States, policymakers and stakeholders need to address a number of issues including
transmission, policy, environmental impacts, siting and permitting, comparative assessments of
alternative generation options, and education and outreach. The JEDI model assesses specific
gross economic impacts to the regions. Many of the above important issues are mentioned in this
report but are not thoroughly discussed or analyzed. The results offered in each regional section
stem from the aggregation and analysis of the information collected from local experts and may
not reflect the point of view of each of the third parties interviewed. There are two states that are
included in two different regions: Pennsylvania in the Great Lakes and Mid-Atlantic regions, and
Virginia in the Mid-Atlantic and Southeast regions.

1.1 Potential Barriers to Offshore Wind Power Development

Offshore wind projects worldwide have not been developed in locations where they have a
significant exposure to hurricanes and other tropical events (Musial et al. 2013a). Therefore,
there is no empirical evidence regarding the effect this additional risk factor would have on the
structural design of turbines and foundations, and ultimately on total installation costs.
Hurricanes do not preclude the development of the offshore wind industry; however, an increase
in cost and possibly a lower energy production per unit of installed capacity may be expected
(Navigant Consulting 2013).

Beyond concerns about hurricanes, there are additional barriers to offshore wind project
development. Property owners and others oppose offshore wind development for aesthetic
reasons, logistical complications with fisheries and vessel traffic, military and civilian air traffic,
radar, environmental concerns, transmission, and grid interconnection. This report focuses on
scenarios in which the successful deployment of offshore wind projects overcomes these
barriers, in the future. For more information on barriers to offshore wind power development, see
Musial and Ram 2010.

1.1.1 State Government Policies and National Activities

Policies identified as effective in advancing offshore wind deployment at the state level include
(but are not limited to) renewable portfolio standards (RPSs), especially with an offshore wind

¥ To view the Offshore Wind JEDI user reference guide, go to www.nrel.gov/docs/fy130sti/58389.pdf
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section, feed-in tariffs, and low-interest loans (Navigant Consulting 2013). Some states also have
emissions policies that could see offshore wind as a favorable clean energy option.

The Bureau of Ocean Energy Management (BOEM) operates a number of offshore renewable
energy programs.” BOEM grants leases, easements, and rights-of-way for orderly, safe, and
environmentally responsible renewable energy development activities (BOEM 2013). In 2013
and 2014, BOEM released “Wind Energy Areas” in certain coastal areas (Musial et al. 2013b),
including states in the Mid-Atlantic and Southeast. Developers can use these maps and an
auction process to bid on leases for offshore wind development.
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1.2 Regional Scenarios Vary, Making Comparisons Difficult

For each region, we performed in-depth interviews with local stakeholders. Each scenario's
assumptions vary due to wind resource and capacity deployed, which preserves the unique
regional aspects but makes inter-regional jobs-per-megawatt comparisons more complicated. The
deployment scenarios in each region (combining deployment, cost reduction, and within-region
supply chain development) are very different. In one region (the Southeast), we had enough
information for multiple variations on scenarios, whereas in the other three, we obtained data for
low-, medium-, and high-deployment scenarios.

1.3 Methodology

For each case study, researchers worked with regional energy groups and industry
representatives to create potential offshore wind deployment scenarios and corresponding
construction and operating costs. Each case considers unique regional features that could play
roles in the establishment and growth of an offshore wind industry. Each region has a unique
wind resource as well as a different regional supply chain and labor force, so scenarios vary
greatly by location.

Each case study utilizes the Offshore Wind JEDI model. The model is one element in a suite of
JEDI input-output (I-O) models. JEDI models provide estimated economic impacts that are
supported by investment in a number of energy technologies. Funded by DOE, NREL and MRG
& Associates created the Offshore Wind JEDI model to incorporate the unique aspects of
offshorlel wind development into an economic impact tool that can be accessed and used by the
public.

[-O models are widely recognized tools that are used to estimate economic impacts associated
with investments or expenditures. These models map how economy sectors such as businesses,
households, workers, capital, and governments interact with one another via purchases and sales
at a single point in time. Because sectors are related to one another, an increase in demand for
one can lead to an increase in demand for another. An increase in demand for steel towers, for
example, results in increased demand for iron ore.

JEDI and other I-O models estimate economic impacts that are supported by changes in demand
for goods and services produced by industries and households. Goods or services produced by
households include labor and property (such as land) that is sold or leased to industries. JEDI
estimates changes in demand for these goods and services with data from the project scenario.

The JEDI project scenario is a set of data that describes a project. Each project contains two sets
of line item expense categories such as equipment (blades, towers, turbines, etc.), materials and
services, and labor. One set covers the project construction, the other covers operations and
maintenance (O&M) of a project. JEDI models contain default project scenario and cost data, but

' All publicly available JEDI models can be downloaded from www.nrel.gov/analysis/jedi
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analysts with knowledge of project details can change these defaults to better represent the
scenario being analyzed.'?

The JEDI model also allows a model user to specify which portions of expenditures are made
within the region of analysis. For example, the model allows users to specify whether wind
turbine blades were manufactured in the state where the project is being built or outside the state
(assuming the state is the region of analysis). The JEDI model uses expenditures made within the
region of analysis, or “local expenditures,” to estimate economic impacts. The JEDI model does
not estimate economic impacts outside the region of analysis (e.g., generator parts from China).

1.4 Caveats, Limitations, and Sensitivities

As with all economic models, there are caveats and limitations to the use of the JEDI model.
Results from JEDI models are gross, not net. JEDI calculates economic activity that would be
supported by demand created by project expenditures. Other changes in an economy take place
that JEDI does not consider. These include supply-side impacts such as price changes, changes in
taxes or subsidies, or utility-rate changes. The JEDI results presented in this analysis represent
estimates at a single point in time and should not be interpreted as a forecast. For more
information on caveats, limitations, and sensitivities, please see Appendix A.

1.5 Results

The JEDI model reports economic impact estimates for two phases: (1) construction and (2)
O&M. Construction-phase results are one-time totals that span the equivalent of approximately 1
year.> O&M results are presented on an annual basis and ongoing for the life of the facility.

All impacts are based on expenditures and local content data contained within the project
scenario. JEDI organizes effects into different categories based on how the user-specified project
scenario supports the impact. The workers who install a wind turbine, for example, are onsite.
The workers who manufactured that turbine are part of the supply chain (not onsite). Installers
and manufacturers earn wages and spend money within the region of analysis, which supports
further economic activity (e.g., the construction workers eat lunch at local sandwich shops). The
three categories of impacts used by JEDI are'*:

e Project development and onsite labor impacts represent economic activity that is either
directly involved with a project’s development and implementation or that occur onsite.
These impacts typically occur in the construction, maintenance, engineering and professional
services, and port staging sectors.

12 Further information about the Offshore Wind JEDI model, data, and methodology can be obtained from the user
reference guide, available at www.analysis.nrel.gov/jedi

3 1f, for example, JEDI reports a construction-phase impact of 50 workers to build a project that takes 2 years to
complete, this is the equivalent of an average of 25 workers per year (50 / 2 = 25). If the same project required 3
years to complete, the average would be 17 (rounded) workers per year.

' 1-O models typically organize impacts into direct, indirect, and induced effects. JEDI categories differ from these.
Project development and onsite labor impacts include less-than-direct effects from project expenditures, and turbine
and supply chain impacts are more broad than the indirect effects from project expenditures. The Offshore Wind
JEDI User Reference Guide (www.nrel.gov/analysis/jedi) contains more information about these differences.
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e Turbine and supply chain impacts represent economic activity that is supported by
purchases for a project or business-to-business services. These include locally manufactured
inputs such as blades and locally procured equipment used to manufacture those blades, such
as resin and fiberglass.

¢ Induced impacts accrue as money circulates in an economy. Households spend earnings
from project development and onsite labor impacts as well as turbine and supply chain
impacts. The portion of these earnings spent within the region of analysis is known as
induced impacts. These effects commonly occur in the retail sales, child care, leisure and
hospitality, and real estate sectors.

JEDI reports three metrics for each type of impact: jobs, earnings, and gross output. Each metric
has a specific definition that informs how it should be interpreted.

e Jobs are expressed as full-time equivalent (FTE). One job is the equivalent of one person
working 40 hours per week, year-round. Two people working full-time for 6 months equal
one FTE. Two people working 20 hours per week for 12 months also equal one FTE. An
FTE could alternately be referred to as a person-year or job-year. Jobs, as reported by JEDI,
are not limited to those who work for an employer; they could include other types of workers
such as self-employed (“sole proprietors™).

e Earnings include any type of income from work, generally an employee’s wage or salary
and supplemental costs paid by employers such as health insurance and retirement.

e Gross output is the total amount of economic activity that occurs within an economy (within
the region of analysis). It is the sum of all expenditures. A scenario in which a developer
purchases a locally manufactured $500,000 blade that utilized $100,000 of locally procured
fiberglass represents $600,000 in gross output.

"1t could also be other non-wage compensation for work performed, such as proprietor earnings.
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2 The Regions

This analysis includes case studies of potential deployment and associated economic impacts in
four regions of the United States: the Mid-Atlantic, the Great Lakes, the Gulf of Mexico, and the
Southeast (Atlantic). Analysts worked with regional stakeholders, including academics,
government officials, industry representatives, and offshore wind experts to develop analysis
scenarios that best reflect conditions within the study region. These four regions were chosen due
to the water depth and the near-term deployment potential. Other regions of the country could
also experience offshore wind deployment, but areas like the Northeast and Northwest have
greater water depths, so the regions in this analysis are most suited to an analysis of fixed-bottom
technologies. The current JEDI model does not accommodate floating offshore wind turbine

systems.

Table 1. Regions of Analysis
Mid-Atlantic Great Lakes Gulf of Mexico Southeast
Virginia lllinois Alabama Georgia
District of Columbia Indiana Louisiana North Carolina
Maryland Michigan Florida South Carolina
Delaware Minnesota Mississippi Virginia
Pennsylvania New York Texas
New Jersey Ohio

Pennsylvania

Wisconsin

Some of the most common factors that influenced deployment levels for this research were
offshore wind resources, load growth, local supply chains, and electricity prices. Analysts also
considered regional electricity, current offshore wind activity, and other conditions unique to
each region.

Each region also has different socioeconomic conditions. Population and employment
characteristics and trends can influence expectations about future electricity demand. For three of
the regions studied, we analyzed three scenarios, based on low, medium, and high deployment.
For the Southeast region, we analyzed five scenarios, based on a combinations of varying levels
of deployment (or “growth levels™), regional investment, and costs. We were able to perform a
more in-depth analysis in the Southeast due to collaboration with James Madison University and
their extensive network in the region. Researchers there had already investigated offshore wind
deployment and the offshore wind potential in the region.

2.1 Wind Resources

Wind resources vary within regions, and this will likely be a factor in siting decisions made by
developers. In the Gulf of Mexico, for example, average wind speeds are greater off the coast of
Texas than onshore (Figure 2). This is one of the major considerations in evaluating resources,
however. The potential installed capacity also depends on a number of other factors.
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Figure 2. Offshore wind resource map (NREL 2013)

The total potential capacity for offshore wind in the United States is estimated to be 4,224 GW
(Lopez et al. 2012). This estimate is based on shallow and deep water resource availability and
quality, power generation system performance, topographic limitations, and environmental and
land-use constraints. It does not necessarily represent the total amount of renewable energy
capacity that might actually be deployed because it doesn’t take other considerations into
account, like economic feasibility, policy, electricity demand, etc. Table 2 shows the potential
capacity and production in U.S. waters for each of the four regions considered in this study. To
put the numbers in Table 2 into context, the United States used 4,058,209 gigawatt-hours (GWh)
of electricity in 2013 and has 1,168 GW of installed capacity (EIA 2014). The nation currently
has 61.1 GW of land-based wind power developed, even though the potential capacity is more
than 10,000 GW (Wiser and Bolinger 2013). Not all of the potential capacity will be developed.
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Table 2. Regional Offshore Wind Potential within 50 Nautical Miles from Shore

Region Potential Annual Energy Capacity Potential (GW) Area (km2)
Production (GWh)

Mid-Atlantic 1,075,939 264 52,726

Great Lakes 3,032,659 742 148,387

Gulf of Mexico 2,346,618 625 124,985

Southeast 2,393,706 587 117,388

Source: Lopez et al. 2012

2.2 Electricity Prices

Higher regional (wholesale) electricity rates and higher-quality offshore wind resources could
allow offshore wind to better compete in many coastal areas (Musial and Ram 2010). The higher
revenues associated with higher electricity prices generally increase returns on investment and
encourage construction of new power generation assets, including those with a relatively high
installed capital cost like offshore wind.

Wholesale prices are a good indicator of the payments for generated electricity that offshore
wind producers can expect to receive. Generally speaking, higher yearly average wholesale
prices are more common in the Mid-Atlantic, whereas hubs in the Southeast and the Gulf of
Mexico have two of the lowest average prices in the country. This makes offshore wind
attractive as a generation source in the Mid-Atlantic to operators seeking to maximize their level
of compensation for generated electricity but does not preclude its deployment in the Southeast
or Gulf of Mexico. Other factors that influence returns on investment and, by extension,
deployment opportunities — like capital and operational costs — are addressed for each region in
the following sections of this report.

Offshore wind technology costs are likely to continue to decline due to technological innovation,
manufacturing efficiency, improved O&M strategies, and better resource assessment (Lantz et al.
2012). NREL experts analyzed 25 offshore wind scenarios discussed in 12 studies and found that
projections within the 20™ to 80™ percentile predict a cost decline of 17% to 47% between 2010
and 2030 (Tegen et al. 2013).

There are sources of low-cost competition for offshore wind electricity such as natural gas
electric generation. An abundant supply of natural gas in the United States is creating a
downward pressure on its price, and analysts predict that low prices will continue throughout the
2020-2030 decade (EIA 2013a). However, wind power costs during generation remain relatively
constant throughout the life of each plant. Changes in fuel costs for natural gas plants, on the
other hand, represent a long-term unknown. Even though natural gas prices are projected to
remain low through the 2020s, a recent study found that wind power can provide protection
against many of the natural gas scenarios contemplated by the U.S. Energy Information
Administration (EIA) beyond 2030 (Bolinger 2013).

2.3 Populations and Economies

The size of a population and growth trends are important indicators of potential future load
growth and potential future employment. While individual use of electricity can change, for
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example, with efficiency improvements, the sheer size of a population is and will continue to be
a key determinant of infrastructure investments. Industries are also significant electricity
consumers. In 2011, residential households consumed 38% of electricity in the United States,
while commercial and industrial users consumed 62% (EIA 2013b).

Developing offshore wind sites close to where electricity will be consumed is also advantageous
to producers because it allows for shorter transmission distances. If costs must be incurred to
develop transmission infrastructure, then developers will want to minimize these expenses.
However, even in the absence of transmission development costs, shorter transmission distances
are more efficient and allow for a greater portion of the electricity that is produced to be
purchased by end users.

Of the regions included in this analysis, the Great Lakes has the largest population (Table 3). Its
population of more than 82 million represents about a quarter of the U.S. population. From 2001
to 2011, the population remained nearly the same, despite average nationwide growth of nearly

1% annually. The Southeast is the least populous region, with more than 32 million residents. It
was the fastest-growing region with annual growth averaging 1.5% (U.S. Census Bureau 2013).

Table 3. Population and 10-Year Average Annual Growth Rates by Region

Region Population (2011) Population Annual Percentage of U.S.
Average Growth, Population (2011)
2001 - 2011

Mid-Atlantic 37,049,834 0.6% 12%

Great Lakes 82,038,050 0.0% 26%

Gulf of Mexico 57,069,952 1.4% 18%

Southeast 32,241,295 1.5% 10%

United States 311,587,816 0.9%

Source: U.S. Census Bureau Intercensal Population Estimates, 2013

Population change is generally correlated with employment opportunities (Greenwood and Hunt
1989), making a region's economic characteristics equally relevant.

Regional labor markets are also relevant to any company seeking to hire local workers.
Employment figures by industry show the number of workers in industries similar to offshore
wind. Recent up- or down-turns and unemployment figures can signal the relative availability of
a local labor force. The gross economic impact numbers in this report remain the same regardless
of whether a worker is hired from within a region or migrates to that region to work, yet this is
an important distinction for local planners and residents (Cutler and Davies 2007).

All regions in this analysis exhibited positive average annual employment growth from 2001 to
2011 that was greater than the U.S. average (Table 4). The fastest growth occurred in the Gulf of
Mexico, and the Southeast had the highest unemployment rate in 2011. Unemployment was the
lowest in the Mid-Atlantic region.
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Table 4. Employment and Unemployment by Region

Region Employment (2011) Average Employment Unemployment Rate
Change (2001-2011) (2011)

Mid-Atlantic 21,776,417 0.6% 7.9%

Great Lakes 47,904,384 0.2% 8.6%

Gulf of Mexico 31,211,988 1.3% 8.9%

Southeast 17,881,305 0.9% 9.2%

United States 138,756,000 0.0% 8.9%

Sources: Bureau of Economic Analysis (2013), Bureau of Labor Statistics (2013)
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3 Case Study: Mid-Atlantic Region

The Virginia Center for Wind Energy at James Madison University and NREL analyzed this
more in-depth case study of offshore wind power developed off the coasts of Virginia, New
Jersey, Delaware, Maryland, and Pennsylvania. The Mid-Atlantic region presents an ample wind
resource, and many states within this region are striving to become major players in this
upcoming industry. The region has relatively high electricity rates, which could encourage
utilities and taxpayers to develop and pay for offshore wind.

Figure 3. Map of the Mid-Atlantic region

3.1 Physical Characteristics and Infrastructure of the Mid-Atlantic

To assist the development of offshore wind energy in this region, BOEM established renewable
energy task forces in Virginia, Maryland, Delaware, and New Jersey to facilitate
intergovernmental communications regarding outer continental shelf renewable energy

. 16
activities.

The Mid-Atlantic region is home to some of the largest and most industrious ports and logistics
infrastructure in the United States, including the Port of New York and New Jersey, the Port of
Baltimore, the Port of Philadelphia,'” and the Port of Virginia.

In general, the Mid-Atlantic region is home to a large number of companies and manufacturers
that have the potential to support the offshore wind supply chain. However, it is important to
note that no studies or reports identifying the supply chain capabilities of the states of Delaware
and New Jersey could be identified, and the results displayed in Table 5 can be used as a general
indication of current infrastructure.

Each company identified was sorted into one or more of five broad categories, depending on the
products and services offered:

'* www.boem.gov/Renewable-Energy-Program/State-Activities/Index.aspx
"7 The Port of Philadelphia can access the Atlantic Coast via the Delaware River.
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e Electronics: power transmission equipment, transformers, industrial control systems, etc.

e Manufacturing and assembly: large wind turbine components such as turbine blades,
nacelles, towers, foundations

e Materials and safety equipment: composites, paints, resins, plastics, bridges, bolts, nuts,
concrete, and other similar materials

¢ Installation, logistics, and transportation: erection, port facilities, shipbuilding and repair,
railroads, and O&M

e Services: engineering, legal, financial, educational, and outreach.

Table 5. Supply Chain Companies and Firms Identified in the Mid-Atlantic Region

Maryland Delaware New Virginia Pennsylvania
Jersey

Electronics 1 0 3 2 15
Manufacturing & assembly 17 0 1 17
Installation, construction, materials 13 2 1 28
Maintenance, logistics, transportation 16 0 4 34

Services 6 2 6 34 4

Total 53 4 15 81 70

3.2 Scenarios

The inputs used for the JEDI model in these offshore scenarios include market and deployment,
regional investment, and cost reduction. For each category, three distinct estimates of the way
input variables change over time were developed. These estimates determine regional economic
activity and the number of jobs the industry can support. Scenarios run from 2015 up to 2030 for
offshore wind energy in the Mid-Atlantic, and we ran the JEDI model for each year.'®

3.2.1 Market and Deployment

For market and deployment, we created a conservative, a moderate, and an aggressive approach
to offshore wind turbine deployment in the Mid-Atlantic region. In these scenarios, it is assumed
that all wind power plants are constructed in New Jersey, Virginia, Delaware, and Maryland;
Pennsylvania’s contribution to the Mid-Atlantic offshore wind industry was assumed to be
through regional content via the Port of Philadelphia.

For low market and deployment, development of new offshore wind power plants was assumed
to be very conservative, with the market being dominated by pilot/demonstration projects and

'8 While the scenarios were developed from 2015 up to 2030, we performed the JEDI analysis for the years 2020
through 2030. Offshore wind installations are expected to be built before 2020, so we developed these scenarios to
reflect this point of view.
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small-scale wind power plants; industry growth is slow, reaching 400 MW in 2030. During this
period, around 12% of all new power plants in the region are from offshore wind, meaning that it
would still be a niche technology to complement conventional generating technologies.

For medium market and deployment, a moderate-level offshore wind development in the region
was assumed; therefore more consistent growth is observed, reaching 750 MW in 2030. By
2030, the offshore wind market would have represented around 30% of all new power plant
installations in the Mid-Atlantic region, establishing offshore wind as a mainstream technology.

For high market and deployment, an aggressive level of offshore wind power plant deployment
was assumed, in which the majority of new power-generating plants derived from offshore wind
facilities, reaching a market of 1,400 MW by 2030. Around 62% of all new power plants in the
region are expected to be from offshore wind energy, meaning that it has become the dominant
generating technology in the Mid-Atlantic. In addition to adding more generating capacity to the
region, outdated and inefficient power plants would be decommissioned and replaced with newer
technologies such as offshore wind, particularly because the offshore wind market approaches
and exceeds the historical growth rate from 2027 through 2030.

Table 6. Mid-Atlantic Region Cost and Capacity Scenarios (2012 $)

Deployment Scenario Cost ($/kW) Deployed Capacity (MW)

2020 2030 2020 2030
Low (A) 5,840 5,460 366 3,196
Medium (B) 5,600 4,830 1,912 7,832
High (C) 5,360 4,230 4,100 16,280

3.2.2 Regional Investment

Three estimates for regional supply chain development were considered. The higher the regional
share percentage in a specific line item, the more money is being circulated into the regional
economy, thereby supporting more regional jobs.

We examined each individual component separately when determining its potential for regional
sourcing. The regional share of many of these components and services, like concrete or legal
services, was not expected to change over time because they are widely available in the region.
More specialized goods and services, like foundations and turbine blades, are expected to vary
over time. Specialized goods and services may not be fully available in the region initially,
meaning a percentage of the investment must be outsourced.

For the low regional investment path, it was assumed that the development of the regional supply
chain is minimal due to uncertainties in the industry. However, due to the sufficient presence of
manufacturers, developers, and services, some regional contributions are expected.

The medium regional investment path was assumed to be similar to the low path in the early
days of the industry, but in this case significant growth in the regional supply chain was assumed
after 2020. Each year, more manufacturers, developers, and services will relocate to the region or
expand their facilities to accommodate the offshore wind industry.

14

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



The high regional investment path assumed immediate and significant regional investment into
the offshore wind industry, resulting in a rapid development of the supply chain. Nearly all
components and services are regionally sourced by 2030."” Table 7 summarizes the regional
investment “paths” for the regional scenarios.

Table 7. Low, Medium, and High Regional Investment Paths for the Dynamic Components for
Offshore Wind in the Mid-Atlantic

Low Investment Medium Investment High Investment
Component 2020 2030 2020 2030 2020 2030
Nacelle/drivetrain 32% 68% 35% 95% 65% 100%
Blades & towers 13% 71% 25% 95% 30% 95%
Substructures & foundation 1% 30% 20% 50% 30% 85%

Source: Navigant 2013

3.2.3 Costs

The EIA established a baseline cost for offshore wind in 2015 to be around $5,975/kW in 2010
dollars®® and made adjustments to the baseline for each state. For the Mid-Atlantic region, the
average expected cost for an offshore wind power plant is around $6,040/kW,*' but there is
significant variance among the states. For instance, Virginia enjoys the lowest expected capital
costs at around $5,724/kW, whereas New Jersey is the most expensive at $6,736/kW. The higher
costs of living and large population densities in the northern states led to higher construction cost
estimates for New Jersey and Delaware relative to other states.

Figure 4 depicts a pie chart showing the typical capital costs for offshore wind in the Mid-
Atlantic region in this JEDI analysis. Approximately 51% of the total cost is associated with
turbine equipment such as blades, nacelles, and foundation, along with other materials and
equipment such as concrete, safety equipment, and other equipment. Labor and development
costs comprise the majority of the remainder at approximately 34% of the total cost. The
remainder of capital expenditures is distributed among financing, insurance, tax, and other
miscellaneous costs.

1 A linear scaling system was applied for Regional Investment percentages between 2021 and 2024, and 2026 to
2029.

2% In April 2013, the EIA updated the baseline capital costs for offshore wind to $6,230 in 2012 dollars, which
accounts for the rate of inflation over these 2 ye