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Notice and Disclaimer
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upon, the report, nor any decisions based on the report. NAVIGANT CONSULTING, INC. MAKES NO
REPRESENTATIONS OR WARRANTIES, EXPRESSED OR IMPLIED. Readers of the report are advised

that they assume all liabilities inc urred by them, or third parties, as a result of their reliance on the

report, or the data, information, findings and opinions contained in the report.

Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warr anty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents
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any agency thereof.
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Introduction

This report was produced on behalf of the Wind and Water Power Technologies Office within the U.S.

#1 xEUUOI OUwOT w$ Ol UT azVUwep#. $Aw. I I PET wOi w$s Ol UT awsi i PEDI
resulting from Funding Opportunity Announcement DE -FOA-0000414, entitledU.S. Offshore Wind:

Removing Market Barriers; Topic Area 1: Offshore Wind Market and Economic Analysis

The objective of this report is to provide a comprehensive annual assessment of the U.Soffshore wind
market. The report has beenupdated and published annually for a three-year period. The report was

first published in early 2013 covering research performed in 2012. The 2 annual report was published
in October 2013 andfocused on developments that occurred in 2013.This 3¢ annual report focuses on
new developments that have occurred in 2014.The report will provide stakeholders with a reliable and
consistent data sourceaddressing entry barriers and U.S. competitiveness in the offshore wind market.

Ou

The report was produced by the Navigant Consortium, led by Navigant Consulting, Inc. @? - EYDT EOQOU» X
Additional members of the Navigant Consortium include the American Wind Energy Association

(AWEA) , the Great Lakes Wind Collaborative (GLWC), Green Giraffe Energy Bankers, National

Renewable Energy Laboratory (NREL), Ocean & Coastal Consultants (a COWI company), and Tetra

Tech EC, Inc
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Executive Summary

The U.S. offshore wind industry is transitioning from early development to demonstration of

commercial viability. While there are no commercial-scaleprojects in operation, there are 14 U.S. projects
in advanced development, defined as having either beenawarded a lease, conducted baselineor
geophysical studies, or obtained a power purchase agreement(PPA). There are panels or task forces in
place in at least 4 states to engage stakeholders to identify constraints andsites for offshore wind. U.S.
policymakers are beginning to follow the e xamples in Europe that have proven successul in stimulating
offshore wind technological advancement, project deployment, and job creation.

This report is the third annual assessment of the U.S. offshore wind market. It includes the following
major sections:

1 Sectionl: key data on developments in the offshore wind technology sector and the global
development of offshore wind projects, with a particular focus on progress in the United States

I Section2: analysis of policy developments at the federal and state levelsthat have been effective
in advancing offshore wind deployment in the United States

I Section3: analysis of actual and projected economic impact, including regional development and
job creation

1 Sectiond: analysis of developments in relevant sectors of the economy with the potential to affect
offshore wind deployment in the United States

Section 1. Global Offshore Wind Development Trends

There are approximately 7 gigawatts (GW) of offshore wind install ed worldwide. The majority of this
activity continues to center on northwestern Europe, but development in China is progressing as well. In
2013, more than 1,700 megawatts (MW ) of wind power capacity was added globally, with the United
Kingdom alone accounting for 812MW (47%) of new capacity. In total, capacity additions in 2013
showed a roughly 50 percent increase over 2012, finally surpassing the pace of installations achieved in
2010. It appears that nearterm growth will continue, with  more than 6,600 MW of offshore wind under
construction in 29 projects globally, including 1,000 MW in China. While this upward trend is
encouraging, uncertain political support for offshore wind in European nations and the challenges of
bringing down costs means that the pace of capacity growth may level off in the n ext two years.
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Since the last edition of this report, the U.S. offshore wind market has made incremental but notable

progress toward the completion of its first commercial -scale projects.3 P OwOT wl0T | w4 OPUIT Ew2 UE
advanced projectst " Ex 1 w6 DOEWEOE w#1 1 x bEUI Uhatkunov@ediroQhaif itit@lE OE wx UONI
stages of construction. In addition, continued progress with the Bureau of Ocean Energy Management

(BOEM) commercial lease atctions for federal Wind Energy Areas (WEAS) has contributed to more

projects moving into advanced stages of development. In total, 14 U.S. projects, representing

approximately 4.9 GW of potential capacity, can now be considered in advanced stages! A map showing

the announced locations and capacities of these advancedstage projects appears inFigure ES-1.

Figure ES-1. Proposed U.S. Offshore Wind Energy Projects in Advanced Development Stages by
Jurisdiction and Project Size

Advanced Stage Proposed Offshore Wind Energy Projects
by Jurisdiction and Project Size in the United States
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milestones: received approval for an interim limited lease or a commercial lease in state or federal waters; conducted

baseline or geophysical sudies at the proposed site with a meteorological tower erected and collecting data,

boreholes drilled, or geological and geophysical data acquisition system in use; or signed a power purchase

agreement (PPA) with a power off -taker. Note that each of thesecriteria represents a requisite step that a project will

take before it gains final approvals and reaches the construction phase. Simply having achieved one of these

milestones, however, does not guarantee that a project will ultimately move forward, and a ny two projects

GUEODPI abOl wWEUW?PEEYEOE! E» wOEawl EYI WOEET wEDI i1 Ul O0wOI YI OUwOI
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Source: Navigant analysis

On the demonstration project front, the DOE announced continued funding for Offshore Wind

Advanced Technology Demonstration (ATD) to three projects in May 2014. %P UT 1 UO1 Oz Uw$ O1 UT a
Dominion, and Principle Power were each selected for up to $46.7 million in federal funds for final

design and construction of pilot projects off New Jersey, Virginia and Oregon, respectively, from an

original group of seven projects that were selected in 2012 Two of the other original seven, the

University of Maine and the Lake Erie Economic Development Co mpany of Ohio, will receive a

fewmillion each, under separate awards, to continue the engineering designs of their proposed pilot

projects.

Overall, offshore wind power project costs may be stabilizing somewhat compared to thei  r recent
upward trend . Notably, for those projects installed in 2013 for which data w ere available, the average
reported capital cost was $5,187/kW, compared to $5,385/kW for projects completed in 2012While it
appears that the stabilizing trend may continue for projects completed in 2014, a lack of data for projects
anticipated to reach completion in 2015 and 2016makes it difficult to assess whether the trend will
continue. Note that all such capital cost data are self-reported by project developers and are not available
for all projects globally; therefore, it may not be fully representative of market trends.

Globally, offshore wind projects continue to trend  farther from shore into increasingly deeper waters;
parallel increases in turbine sizes and hub heights are contributing to higher reported capacity

factors. While the trend toward greater distan ces helps reduce visual impacts and public opposition to
offshore wind, it also requires advancements in foundation technologies and affects the logistics and
costs of installation and maintenance. On the positive side, the trend toward higher -capacity machines
combines with increasing hub heights and rotor diameters to allow projects to improve energy capture
by taking better advantage of higher wind speeds.

The average nameplate capacity of offshore wind turbines jumped substantially from 2010 to 2011 as
projects increasingly deployed 3.6 MW and 5 MW turbines. Since then, however, average turbine size
has plateaued around 4 MW. This leveling off of average turbine size will likely continue over the next
two years as previously ordered 3.6 MW machines are deployed and Asian manufacturers work to catch
up with their European counterparts. T he upward trend in average turbine sizes will likely resume
toward 2018 as developers begin deploying more 5.0 MW and larger turbines. The average turbine size
for advanced-stage projects in the United States is expected to range betweerm.0and 5.3 MW, indicating
that U.S. projects will likely utilize larger offshore turbines rather than smaller turbines that have
previously been installed in European waters.

The shift t o more distant locations and larger capacity turbines, along with a desire to minimize tower
top mass, has driven continued innovation in  drivetrain configurations ; however, the majority of
installed turbines continue to use conventional drivetrain designs. Other configurations, such as
direct-drive and medium -speed drivetrains, have been limited to a combined 3 percent market share of
cumulative installed capacity. Deployment of turbines with alternative drivetrain configurations will
likely increasesignificantly over the next several years, as thenew 5 to 8 MW class turbine models from
Siemens, Vestas, Areva, Alstom, and Mitsubishi are installed at commercial projects.
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The past year has seen a continued trend for substructure design innovations, a s the challenges of
installing larger turbine s, siting projects in deeper waters, and the need to reduce installed costs
persist. While much of the focus in recent years has been on alternatives to the conventional monopile
approach (due to various limitat ions), the advent of the extra-large (XL) monopile (suitable to a45 m
water depth) may have somewhat lessened the impetus for significant change. Regardless, the optimal
type of substructure (and the potential for innovation) is largely driven by site -specific factors, and

x Ol OUa woOil wOxxOUUUOPUawUl OEPOUWI OUwWOT PwET UPT OUwUT EVWETE
needs.In the near-term, monopiles will continue to comprise the majority of new installations, with

multi -pile (jacket and tripod) designs showing notable increases. In addition, the industry continues to
explore the potential for floating foundations, with several demonstration -scale projects currently
operating and additional installations planned.

Section 2. Analysis of Policy Developments

U.S. offshore wind development faces significant challenges: (1) the cost competitiveness of offshore
wind energy ;2 (2) a lack of infrastructure such as offshore transmission and purpose -built ports and
vessels; and (3) uncertain and lengthy regulatory pro cesses.Various U.S. states, theU.S. federal
government, and European countries have used a variety of policies to address each of these barriers
with varying success.

For the U.S. to maximize offshore wind development , the most critical need continues to be

stimulat ion of demand through addressing cost competitivenes s and providing policy certainty . Key
federal policies expired for projects that did not start construction by year -end 2013: theRenewable
Electricity Production Tax Credit (PTC), the Business Energylnvestment Tax Credit (ITC), and the 50
percent first -year bonus depreciation allowance. However, the Senate Finance Committee recently
passed an extension of both of the PTC and ITCthrough 2015, maintaining the same new definition of
commencing construction, as part of a comprehensive tax extenders bill covering 51 other industries and
there is some chancethat the full Senate and House will adopt this before the end of 2014.

Furthermore, the DOE announcedthree projects that will eachreceive up to $47 million to complete
engineering and construction as thesecond phase of the Offshore Wind Advanced Technology
Demonstration Program. On the state level, Maryland began promulgating rules for Offshore Renewable
Energy Credits (ORECS) for up to 200 MW, and the Maine Public Utility Commission approved a term
sheet with a team led by the University of Maine for a pilot floating wind turbine project

Increased infrastructure is necessary to allow demand to be filled . Examples of transmission policies
that can be implemented in the short term with relatively little effort are to designate offshore wind
energy resources zones for targetedoffshore grid investments, establish cost allocation and recovery
mechanisms for transmission interconnections, and promote utilization of existing transmission capacity
reservations to integrate offshore wind. In 2014, there were few tangible milestones in this area,

2 The first two contracts for U.S. offshore wind reflect the higher costs by being priced at $187/MWh plus 3.5%
annual escalation for Cape Wind and $244/MWh plus 3.5% annual escalation for the Deepwater Wind Block Island
Wind Farm.
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although long -term plans for offshore transmission projects such asthe Atlantic Wind Connection and
the New Jersey Energy Link progressed steadily in their development efforts.

Regulatory polic ies cover three general categories: (a) policies that define the process of obtaining site
leases; (b) policies that define the e nvironmental , permitting processes ; and (c) policies that regulate
environmental and safety compliance of plants in operation . In 2014, he U.S. Bureau of Ocean Energy
Management BOEM) announced additional competitive lease sales for renewable energy off
Massachusetts, Maryland and New Jersey.

Section 3. Economic Impacts

Our estimated installed costs have dropped 6% since our 2011 work. This is driven by: new data from
European projects, revised design assumptions and more refined estimates from U.S. projects in
planning stages. Expected installed costs for a 500 MW farm ae $2.86 Billion or $5,700/kW.

Current U.S. employment levels could be between 550and 4,600full -time equivalents ( FTEs), and
current investment could be between $ 146million and $ 1.1 hillion . The ranges are driven by

- EY DI Hrdditgindywmbout from where advanced-stage projects are sourcing components. As the
advanced-stage projects start construction, employment levels will likely double or triple to support
equipment transport and installation.

Section 4. Developments in Relevant Sectors of the Economy

The development of an offshore wind industry in the U . S. will depend on the evolution of other
sectors in the economy. Factors within the power sector, such as the capacity or price of competing
power generation technologies, will affect the demand for offshore wind. Factors within industries that
compete with offshore wind for resources (e.g., oil and gas, construction, and manufacturing) will affect
the price of offshore wind power.

Factors in the power sector that will have the largest impact include natural gas prices and the change
in coal -based generation capacity. As electricity prices have historically been linked to natural gas
prices, a decrease in prices of the latter can lead to a decrease in the price of the formeNatural gas
prices declined from above $4 per million British thermal units (MMb tu) in August 2011 to below
$2/MMbtu in April 2012, largely due to the supply of low -cost gas from the Marcellus Shale.Lower
resulting electricity prices can make investment in other power generation sources such as offshore wind
less economically attractive. However, natural gas prices have been rising steadily since then and have
remained above $4/MMbtu since late 2013 with periods exceeding $6/MMbtu3 and may continue to rise
with three new liquefied natural gas export terminals recently approved.

In terms of coal, Navigant analysis reveals executed and planned coal plant retirements through 2020 of
nearly 40 GW. As this capacity is removed from the U.S. electric generation base, it will need to be
replaced by other power generation resources, including but not limited to natural gas and offshore

3 U.S. Energy Information Administration Daily Energy Prices, June 12, 2014
(http://www.eia.gov/todayinenergy/prices.cfm ).
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wind. As such, continued coal plant retirements could increase the demand for offshore wind plants in
the United States.
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1. Global Offshore Wind Development Trends

Since 2013 additional progress has been made to develop commercial and demonstration-scale projects
in U.S. waters. Two commercial-scale projects,# | 1 x b E U MW Block siyhd project and Cape

6 b O E z Wwprojéldt, have begun initial construction activities and expect to reach completion in

2016 In addition, the Bureau of Ocean Energy Management (BOEM) has continued to make steady
progress on its Smart from the Starinitiative to facilitate siting, leasing and construction of offshore wind
energy projects on the Atlantic Outer Continental Shelf . At the demonstration level, the U.S. Department
of Energy (DOE) completed the down -selection process for itsAdvanced Technology Demonstration
awards program in May 2014, selecting three projects (from an original pool of seven) for up to $47
million eachin funding to help complete engineering and design and reach full deployment by 2017

As the U.S. market moves forward, it will continue to respond to and reflect the general trends occurring
in the global offshore wind market. Through 201 4, offshore wind technology has generally continued
along historical trends. Turbine sizes and plant capacities have continued to grow, and water depth and
distances to shore have increased. As projects move further from shore, taller and larger turbines may
allow developers to take advantage of better and more sustained wind resources, thereby increasing
capacity factors. On the other hand, these deeper waters and longer distances present new challenges
and opportunities for foundations, drivetrains, installation logistics, and operations and maintenance
(O&M). Time will tell how well initial U.S. projects align with those global trends inli  ght of region-
specific wind resource and seabed conditions.

This section presents an overview of the global offshore wind market and illustrates several of these
trends in more detail. This analysis draws upon an offshore wind project database compiled f rom
existing project databases and an ongoing review of developer announcements and industry news
coverage? Note that, for planned projects, thesedata rely primarily on developer projections and news
reports and that the status and details of projects under development are subject to change.

4The authors would like to acknowledge Navigant Research (formerly BTM Consult [BTM]), Green Giraffe Energy
Bankers, and the National Renewable Energy Laboratory (NREL) for their contributions of project information they
had previously collected. In addition, the team relied on publicly availab le information from the 4C Offshore Wind
Farm Database (4C Offshore 204) and the Global Wind Energy Council (GWEC 2014).
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Summary of Key Findings ¢ Chapter 1

1 There are approximately 7 gigawatts (GW) of offshore wind installations worldwide.

1 Several potential U.S. projects have achieved notable progress in the past year, with1l4
projects now in advanced stages of development.3 P Owx UONT EOUwp#1 1 xhPEUI Uz Uw
| OOEOwW( UOEQOEwWx UONI EUWEGEwW" Ex] weDOEz UwKt Ww, 6 wux UON
activities and expect to reach completion in 2016, while a newly announced 7.5 MW,
near-shore project in the U.S. Virgin Islands is also aiming for near-term completion.

9 Offshore wind power project capital costs may be stabilizing somewhat compared to a
previous long -term upward trend.

1 The average nameplate capacity of offshore wind turbines installed globally each year
has plateaued around 4 megawatts (MW); however, an upward trend will likely resume
toward 2018 as developers begin deploying more 5.0 MW and larger turbines.

1 Globally, offshore wind projects continue to trend further from shore into increasingly
deeper waters. The greater wind energy resources at these locations, combined with
larger turbine capacities,are contributing to higher reported capacity factors.

1.1  Global Offshore Wind Development

The majority of new offshore wind installations continue to occur in northwest Europe, a nd the Asian
markets continu e to show tentative growth. In 2013, more than 1,700 MW of offshore wind power
capacity was added globally, bringing the cumulative global total to 7,031 MW. Of that new capacity
installed in 2013, most is attributable to four countries ¢ Belgium (192 MW of new capacity), Denmark
(400 MW), Germany (230 MW) and the United Kingdom (812 MW) ¢ with the U.K. comprising 47
percent of 2013 additions globally.s Figure 1-1 summarizes the historical growth of the global offshore
wind market.

5 Various sources use different approaches for reporting annual capacity estimates.- EY DT EOQUz UhasE x x UOEET w
historically reported MW ¢ apacity installed in a particular year, regardless of whether it has been connected to the

grid. Other sources (e.g.,the European Wind Energy Association [ EWEA]) report MW capacity based on the year in

which it is connected to the grid. As aresult, estimE Ul UwOi wEOOUEOQWEEXxEEDPUAWEEEDPUDPOOUWOE
estimate for 2011 European capacity additions shows 866 MW (EWEA 2012), while - EY DT EO U wishowd EUET z U
only 366 MW. This is likely a result of 500 MW installed in 2010 not being connected to the grid until 2011.
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Figure 1-1. Historical Growth of the Global Offshore Wind Market
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Source: Navigant analysis of data provided by NREL Idadigant Researctformerly BTM Consult}

6 BTM Consult, an international wind market research consultancy based in Denmark, was acquired by Navigant in

2010 and is now known as Navigant Research.
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In total, capacity additions in 2013 showed a roughly 50 percent increase over 2012, finaly surpassing
the pace of installations achieved in 2010. While this upward trend is encouraging, uncertain political
support for offshore wind in European nations and the challenges of bringing down costs mean that the
pace of capacity growth may level off in the next two years (Global Wind Energy Council [ GWEC] 2014).
(OQwUT 1T w UPE O whdyiess towaiua"rdbBtdEshotewind power market ha s beenslower
than planned; however, approximately 1,000 MW are currently under construction. Table 1-1 provides a
summary of the current global offshore market in number of projects, cumulative capacity, and number

of turbines by country.

Table 1-1. Summary of Cumulative Installed Global Offshore Capacity through 201 3

(;\I:enr]:t?(;r?; Total Capacity Total Number of
. (MW) Turbines Installed
Projects
China 15 404 158
Asia Japan 9 50 27
South Korea 2 5 2
Belgium 6 571 135
Denmark 17 1,274 517
Finland 3 32 11
Germany 8 516 115
Ireland 1 25 7
Europe Netherlands 4 247 128
Norway 1 2 1
Portugal 1 2 1
Spain 1 5 1
Sweden 6 212 91
United Kingdom 30 3,686 1,083
Total 104 7,031 2,277
Note: Includes commercial and test projects. Individual phases of projects at a single site may be counted as separate
projects.
Source: Navigant analysis of data provided by NREL Idadigant Research
As shown in Table 1-1, the United Kingdom continues to lead a N
the market, with 3,686 MW, more than half of global installed Global epacity additions in
capacity. The European market will continue to grow rapidly 2013 showed mughly 50
over the next two years, with projects under construction in percent increase over 2012,
2914 in Belgium, Germany, the Netherlands, and the United finally surpassing the pace o
Kingdom. As noted ab ove, however, the longer-term outlook . . . .
is less certain. In the Asia region, Japan, South Korea, and \ installations achieved in 2018

Taiwan continue to work toward their respective goals for
offshore wind before the close of the decade; however, like China, initial progress has been slow.
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In total, it appears that near-term growth will continue, with  more than 6,600 MW of offshore wind
under construction in 29 projects globally (Navigant Research2014). However, forecasts and predictions
for the global market in the long -term reflect the inherent uncertainty surrounding the offshore market.
Published forecasts for cumulative global offshore wind capacity range from approximately 40 GW to
more than 75 GW by 2022(IHS Emerging Energy Research 202; Navigant Research 2012; Douglas-
Westwood 2013).

1.2 U.S. Project Development Overview

Since the last edition of this report (published October 2013), the U.S. offshore wind market has made

incremental but notable progress toward the completion of its first commercial -scale projecs. Two of the

more advanced projectst " Ex |1 w6 DOEWEOEw#1 1 x PEUIT Uhkatkunbvediodhait UOE OE wx U
initial stages of construction, while Ocean Offshore Energy has quietly advanced efforts to install a

smaller (7.5MW) near-shore project in the U.S. Virgin Islands. Other large-scale projects, however,

continue to show limited advancement.

On the demonstration project front, the DOE completed the down -selection process forits Advanced
Technology Demonstration (ATD) awards program, choosing three of the original seven ATD projects to
receive up to $47 million each in federal funding to reach full deployment. This section provides an
overview of these and other updates to U.S. offshore wind project developments.

Most of the progress over the past year has involved advancements in previously announced projects,
with a few additions of new advanced -stage projects related to smallerscale or demonstration efforts.
Thisreportdl | DOT Uw?-BBEEDE WEUONI E U U aceobplishéd@itldasudné & theul E VI
following three milestones:

1 Received approval for an interim limited lease or a commercial lease in state or federal waters

1 Conducted baseline or geophysical studies at the proposed site with a meteorological tower
erected and collecting data, boreholes drilled, or geological and geophysical data acquisition
system in use

I Signed a power purchase agreement (PPA) with a power off-taker

Note that each of these criteria represents a requisite step that

a project will take before it gains final approvals and reaches The U.S. offshore wind mark
the construction phase. Simply having achieved one of these has mde incremental but
milestones, however, does not guarantee that a project will notable progress toward the
ultimately move forward, and any two projects qualifying as

AR A completlonofltsflrst N
PEEYEOEI E2 wOEawi EY]I WOEET WEDI i1 Ul OQUwOI YI wOi wx UdI Ul UL
relative to one another. CommerC|abcaIe prO]eCt

In addition, recent and upcoming BOEM WEA leasing activities suggest that additional project

announcements are likely to occur in the near future. For example, in late 2013, Dominion Virginia

Power signed a lease for the Virginia WEA, which is estimated to hold potential for up to 2,000 MW of

Of 1T UT OUI wbpDOEOwWI OPT YI UOWEUWOI wlOi PUwUI x OUderiedup UBDUD OT OL
project plans, as they are still working through the process of site assessment and analysisHowever, the
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site is adjacent to a DOE funded demonstration project and should be able to leverage lessons learned
and technical results from the demonstration project.

Finally, some projectsthat have reached an advances stage in previous yearsnay be relatively inactive
presently, with little evi dence (or at least public announcements) that they are continuing to progress
their development plans. Conversely, some projects that are making visible progress have yet to achieve
any of the milestones that would categorize them as advanced stage.

A map showing the announced locations and capacitiesfor each of 14 advanced-stage projects appears
in Figure 1-2Error! Reference source not found. .

Figure 1-2. Proposed U.S. Offshore Wind Energy Projects in Advanced Development Stages by
Jurisdiction and Project Size

Advanced Stage Proposed Offshore Wind Energy Projects
by Jurisdiction and Project Size in the United States
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Source: Navigant analysis

These 14 projects representapproximately 4.9 GW of potential capacity. As shown in the figure, 95
percent of this capacity would lie in federal waters (i.e., typically outside a three-nautical-mile state
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boundary). Notably, this report reveals a significant decrease in advancedstage project capacity in state
waters since 2013 after failing to win an additional DOE ATD award, Baryonyx Corporation canceled
U.S. Army Corps of Engineers (USACE) permits for both its demonstration - and commercial-scale
projects off the coast of Texas ReNews2014). According to USACE staff, the developer plans to re-submit
a permit for a scaled-down project in 2015; however, the Texas General Land Office announced in late
July 2014that the developer appeared to be letting its leases for the proposed project site expire. These
changescontinued to shift the balance of U.S. advancedstage projects almost entirely into federal
waters. Table 1-2 provides additional details about each of the 14 advanced-stage projects, including
nameplate capacity, number of turbines, turbine make and model, turbine capacity, water depth and
distance to shore, status notes, and an estimated completion date As noted above, some of the
advanced-stage projects have been relatively inactive in the past 12 months, while some of the planned
demonstration -scale projects failed to gainanticipated federal funding. As a result, the estimated
completion dates for several projects (or whether they will be completed at all) should be considered as
uncertain.
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Table 1-2. Summary of Advanced -Stage U.S. Offshore Wind Projects

Distance to Average Projected Target
Shore Water Turbine Status Notes Complete
(Miles) Depth (m) Model DEIE
National Grid has agreed to a 20-year PPA. Signed
installation contract with ship -owner Bold Tern in

Project Name Proposed Turbines

(State) Capacity (MW) #)

Block Island February 2014 for construction in Q3 of 2016. The
Offshore Wind Als_tom developer is working to finalize environmental
30 5 3 22 Haliade o . 2016
Farm (Deepwater) 6 MW a permitting approvals so that it can move beyond the
(RN initial stages of construction. The team represents that it
has complied with IRS guidance to be eligible to receive
the Investment Tax Credit (ITC).
PPA in place for 77.5% of project's power through
National Grid and NStar. Received $600M loan financing
. Siemens commiFment in February 2014, bringing estima.ted total
Cape Wind 468 130 8 10 SWT 3.6107 qf confirmed funds to at least $1B out o_f an estlmated 2016
Offshore (MA) (3.6 MW)s final cost of $2.6B. In July 2014, the project received a
’ conditional $150M loan guarantee from the DOE. The
developer also represents that it has complied with IRS
guidance to be eligible to receive the ITC.
Ocean Offshore Energy has proposed a small
Ocean Offshore Mingyang commercial project off the coast of Saint Thomas in the
Energy: Saint 7.5 3 <1 22 25 MW SCD U.S. Virgin Islands. The developer has completed 2016
Thomas underwater surveys and as of this report's writing was
awaiting approval of its USACE permit.
Project is fully permitted; however, in April 2014 the
New Jersey Board of Public Utilities (BPU) denied
allowing the project to use New Jersey's offshore
Fishermen's XEMC- renewaple energy certificates (ORECS), citing high (and
Ererys Piess Darwind unceft:?}ln) cpg,.ts‘for ratepayers:. Th? <‘1e\,/elop_er’ d‘lsa}gret.a.s~
. 25 5 3 11.5 PBDUI wUI | w! / 4z UwEEOEUOE lhiMayO 2016
(Atlantic City XD115 .
Wind Farm) (NJ) (5 MW) 2014, was one gf thre.g AD projects selgcted by the DOE
for up to $47M in additional federal funding . In August
2014, the Superior Court of New Jersey ruled that the
'/ 4wl EEwOOwWUI EOOUDET Uinwe Ul
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Distance to Average Projected Target
Shore Water Turbine Status Notes Complete
(Miles) Depth (m) Model Date®

Second of three ATD projects the DOE selected for

deployment funding. T his project will serve as a pilot

Project Name Proposed Turbines

(State) Capacity (MW) (€]

Virginia Offshore

Wind Technology Als_tom facility adjacent to the larger commercial lease areafor
12 2 27 26 Haliade . L . . 2017
Advancement 6 MW which the group was the winning bidder in September
Project (VA) 2013.The team is currently conducting environmental
studies and permitting efforts.
Third of three ATD projects selected by the DOE for up
to $47M in federal funding. The BOEM previously had
received an unsolicited lease request from Principle
Principle Power - Siemens Power, and subsequently found no competitive interest
WindFloat Pacific 30 6 15 365 SWT 6.0-154 in the area. Beginning in late May 2014, BOEM began 2017
(OR) (6 MW) accepting public comment for a forthcoming
Environme ntal Assessment of the lease area. Principle
Power has previously completed a geophysical survey of
the lease request area and cable route.
. . XEMC- Received a met tower rebate from the state and began
Fishermen's Darwind baseline surveys in August 2009. Has interim limited
Energy: Phase Il 330 66 7 17.5 o - — 2019
(NJ) XD115 lease for initial asse;sment of W!nd .farm feasibility;
(5 MW) however, that leaseis set toexpire in November 2014.
Galveston XEMC-Z72- Has lease from Texas General Land Office and is
Offshore Wind collecting wind resources data via a met tower. The team
. 150 55-75 7 14.5 2000 - . 2019
(Coastal Roint (2-2.75 MW) plans to install a non-grid connected, 200-kW test
Energy) (TX)c turbine on the met tower foundation sometime in 2014.
Lease signed with State of Ohio and geotechnical
Lake Erie _ surveys.. completed. Shortly after filing_ ir]itial permits. ,
Offshore Wind Siemens the project failed to make the # . $ {isUalIATD projects
. 27 9 7 18 SWT-3.0-101 to receive full deployment funding . However, DOE 2019
Project (Great . . . .
Lakes) (OH) (3 MW) announced it would provide the recnp|ent. a few million
dollarsunder a separate award to work with the team to
advance the project to "deployment readiness."
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Distance to Average Projected Target
Shore Water Turbine Status Notes Complete
(Miles) Depth (m) Model Date®

The University received an initial DOE ATD award to
pursue two more 6-MW turbines, and i n January 2014
received a term sheet from the Maine PUC for a PPA

Project Name Proposed Turbines

(State) Capacity (MW) (#)

University of with Central Maine Power. In May 2014, the project
Maine (ME) 12 2 13 9 6 MW failed to make the list of final ATD projects; however, 2019
DOE announced it would provide the recipient $3
million under a separate awardto help complete the
design.
Awarded an interim limited lease and began conducting
baseline surveys in 2009. Launchedweather buoy in late
Garden State 2012. In January 2014, Deepwateand other developers
Offshore Energy 350 5870 20 27 (5 or6 MW) encouraged the BOEM to delay planned lease sales for 2019
Wind Farm (NJ) New Jersey until after the state BPU clarifies which
developers can use ORECs to help finance offshore wind
projects. The projects' interim leasewill expire in 2014.
In August 2013, Deepwater was the winning bidder in
Deepwater ONE 1,000 167.200 20 40 (5 or 6 MW) the first competitive Iee'lse sale for a U.S. offshore wind 2020
area. They are marketing power to off-takers along the
central Atlantic coast in the 13 to 14 cents/kWh range.
Dominion Dominion has a commercial lease for the Virginia WEA,
Virginia Power - (6 MW or but has not yet released many details about its plans.
Virginia WEA 2,000 ~333 27 25 larger) The developer has only stated that it intends a phased 202-20%4
Lease Project (VA) development of up to 2,000 MW.
Offshore Wind Market and Economic Analysis PagelO
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Distance to Average Projected Target
Shore Water Turbine Status Notes Complete
(Miles) Depth (m) Model Date®
Received one of the first U.S. offshore leases from BOEM
in October 2012 as part of "Smart from the Start"
NRG Bluewater's program . However, Delmarva hal_s since ganceled a PPA
Mid -Atlantic 450 150 127 20 3 MW for ZQO MW of the power_. NRG fllgd its Site Assessment
Wind Park (DE) Pla.n in .2014., put the project website §tatgs that the
project is officially on hold. NRG retains its development
rights; however, it is unclear whether the project will be
developed by NRG or sold.
a) These projects have committed to a specific turbine with a turbine supply agreement in place. All other stated turbines are b ased on developer statements and may change.
b) Dates shown in this table are based ondeveloper statements and Navigant analysis; they may change based on permitting, leasing, surveying, and other activities.
c) Leasing and permitting requirements for projects in Texas state waters do not involve the Federal Energy Regulatory Commissio n (FERC) or BOEM and may move more
quickly than projects in federal waters.

Source: Navigant analysis based on published project information, developer statements and media coverage

Project Name Proposed Turbines

(State) Capacity (MW) (#)

2021
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1.2.1 Forecast Capacity and Completion Dates

Developers for three projects ¢ Block Island, Cape Wind, and %D UT 1 UEdérdy t ¢(tontinue to
compete to be the first commercial-scaleoffshore wind farm online in U.S. waters, with all three aiming
for full commercial operation by 2016. The certainty and anticipated completion dates for the other
commercial-scale advanced projectsis less clear. In

particular, the viability of the %D U1 1 URDas®lgadd Developers for three projedts
Garden State Offshore Energy projects may depend partly on Block Island, Cape Wind, and

New Jersey BPU decisions regarding eligibp OB U a wi OU (u LAI’I—'ISILIe%E %iu}?puéj‘tot‘]ltihme
Offshore Renewable Energy Certificate (ORECS), as well as

011 wOl VUOOUWOT woiiw .$, z0weobpedkxPUPEUEBORGEDobYI woi
New Jersey Wind Energy Area. Based on this uncertainty, commerciakcale offshore winc

the Navigant team anticipates that these larger New Jersey farm online in U.S. waters

projects might not reach completion until 2019 or later.

In general, global historical trends suggest thatit is unlikely that all 14 of the advanced-stage projects
will achieve these projected completion dates, due to delays, cancelations, or other regulatory or market
issues Viewing these projects in the context of these global trends and assumptions about their rates of
completion, Navigant expects that the initial growth of the U.S. offshore market would follow a
trajectory like that shown in Figure 1-3, assuming all 14 of these projects ultimately move forward.

Figure 1-3. Growth Trajectory for U.S. Offshore Wind Based on Forecast Construction Dates  of
Current Advanced -Stage Projects
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Note: Based on developer statements,Navigant made a simplifying assumption that Dominion would deploy
roughly 400 MW per year beginning in 2020, with a target of full deployment of its stated 2,000 MW potential
goal by the end of 2024.

Source: Navigant analysis of collected project data
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The three DOE-supported ATD projects are expected to achieve deployment by the end of 2017 shown
as the 2.7 installations in Figure 1-3. Their smaller scale, receipt of targeted federal support, and state
support may facilitate their installation and make them among the first projects in U.S. waters. Section
1.2.3describes these projects in more detail.

1.2.2 Notable Developments in Advanced -Stage Projects

This section briefly highlight s some of the key developments and advancements that have occurred in
U.S. offshore wind projects since the last edition of this report, which was released in October 201.

1.2.2.1 BOEM Advancements and Leasing Activities

BOEM continued to make steady progress onits Smart from the Start initiative to facilitate siting,

leasing, and construction of offshore wind energy projects on the Atlantic Outer Continental Shelf. 7 As of
O PUwUIT x O BOEMwapassedsiBg@hie Suitability of and commercial interest in each of seven
WEASs, as well as several unsolicited lease requests. Under the initiative, BOEM selected these areas for
expedited assessments and planning to help facilitate development of projects along the Atlantic Coast.
Figure 1-4 shows the location of each of the seven WEAs.

7 Seehttp://www.boem.gov/Renewable -Energy-Program/Smart-from -the-Start/Index.aspx
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Figure 1-4. Map of BOEM Atlantic Wind Energy Areas
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BOEM has made initial progress in each of these areas by engaging local stakeholders and government
agencies, issuing requests for interest and calls for information for commercial developers and initiating
environmental studies. In 2013, it held its first two competitive auctions and awarded leases for the
Rhode Island/Massachusetts WEA (awarded to Deepwater Wind) and Virginia WEA (awarded to
Virginia Dominion Power). Award of these leases enables the lessee to move forward with site
assessment plans and absequent construction and operations plans. In August 2014, BOEMheld an
auction for the Maryland WEA and was preparing to hold auctions for the Massachusetts WEA and the
New Jersey WEA. Table 1-3 summarizes the BOEM WEAs, including status, area, and estimated gross
offshore wind potential.
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Table 1-3. Overview of BOEM Wind Energy Areas as of August 2014

Ar Ar Estim W ntial

WEA Slalts (ac?:s) (sq.(la(?n) . ated(gvi)*BpOte -
MA  Announced 742,974 3,007 9.0
RI-MA Awarded 164,750 667 2.0
NY Scoping 81,280 329 1.1
NJ Announced 354,275 1,434 4.3
DE Scoping 103,323 418 1.3
MD Awarded 79,706 323 1.0
VA Awarded 112,799 457 1.4
Total (GW) 20

Source: NREL analysi@usial et al.2013x; Musial et al. 2013band National Wildlife Foundation analysis

As shown in Table 1-3, the commercial lease areas defined by BOEM have the potential to support
approximately 20 GW of installed offshore wind capacity off of the Atlantic coast. 2 This estimate
conservatively assumes that not all of the gross potential capacity within a given WEA will be developed
due to technical challenges(e.g.,depth or geotechnical characteristics) as well asto provide adequate
spacing between turbines (to minimize wake effects and address other siting constraints).

Since theFall of 2013, BOEM has also received and responded to several unsolicited lease requests for
project sites related to two of the DOE ATD projects. Key activities include the following:

1 In December 2013, the BOEM determned that there was no competitive interest associated with
a research lease request submitted by the Commonwealth of Virginia Department of Mines,
Minerals and Energy (DMME), for an area related to the Dominion ATD project.

1 In April 2014, BOEM determined t hat there was no competitive interest associated with Princip le
/ OPT Uz UwUOUOOPEDUI EwOl EUI WExxOPEEUDPOOwWI OUwhbUUweE DO

See Sectiorl.2.3for additional information on each of these ATD projects.

1.2.2.2 Block Island { Initial Construction Underway

#1 1 x b E UIMWBI0ak tslynd Offshore Wind Farm has begun early -stage construction activities. The
developer shifted plans for the proposed site where its export cable would come to shore to state-owned
Scarborough State Beach after failing to gain approval for the original site from the Town of

Narragansett (Kuffner 2013). Based on its early-stage construction and supply commitments, the
Deepwater team represents that it has complied with IRS guidance to be eligible to receive thefederal
Investment Tax Credit (ITC), which expired at the end of 2013. In February 2014, Deepwater signed an
installation contract with ship -owner Bold Tern, indicating that it would begin turbine installation in the

8 Assumes an average capacity density of 3 MW per square kilometer based on standard spacing metrics developed
in Musial et al. 2013a and Musial et al. 2013b
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third quarter of 2016 (Energy Business Review 2014). In addition, Alstom announced in March 2014 that

it has agreed to supply the project with five of its 6 MW Haliade direct -drive turbines, including 15 years

Ol wOxT UEUPOOUWEOEWOEDPOUI OEDQET wUUxxOUUwep OUUOOwWI YHhKAS L
working to finalize environmental permitting approvals so that it can move beyond initial construction

stages.

1.2.2.3 Cape Wind { Continued Focus on Financing and Supply Agreements

2DO0OET wUT PUwUIT x OU UMW 0dp& WitHtishdfeEnvohdl fhajett fedmuinkd aldb made steady

xUOT Ul UUOWEOUT wbOwbUUwI I I OUUDWUOWEOOXxOI Ul wUT T wxUONIT EU;
challenges. The project had previously received approvals for PPAs representing 77.5 percent of the

xUONT EUOzUwxOPl UwlOi | U B@ih®STAR QESpéeear) andiNatiorallGod (5D U

percent). In February 2014, the developer announced a $600 million loan commitment from Danish

export credit agency EKF and, in March 2014, announced that Natixis and Rabobank have signed on as

lead arrangeU Uwi OUwWOT 1T wx UONIT EOz UwU]l OEPODPOT wi POEOCEDPOT dw" OOED
billion final cost. In July 2014, the DOE announced a conditioral $150million loan guarantee for the

project, contingent on its securing the balance of its project financing. Like Block Island, the developer

represents that its initial construction activities and supply commitments make the project eligible to

take advantage of the federal Investment Tax Credit, which expired at the end of 2013 (Engblom 2014).

In late 2013, Cape Wind Associates and Siemensigned a supply agreement for Siemens 3.6MW

turbines, an offshore electric service platform, and a 15-year service agreement (North American

Windpower 2013). In early 2014, the developer also announced supply agreements with German

company EEW Special Pipe Constructions GmbH for monopile foundations and Danish company Bladt

Industries A/S for transition pieces (OffshoreWind .biz 2014a).

1.2.3 DOE Advanced Technology Demonstration Projects

This section provides a brief overview on each of the three projects that the DOE has selected for
continued funding under its Advanced Technology Development (ATD) program. As mentioned a t the
beginning of Section 1.2, these three projects were selectedrom an original field of seven to receive up

to $46.7 million eachto reach full deployment by t he end of 2017.In addition, the University of Maine

and the Lake Erie Economic Development Co. received DOE commitments valued at a few million

dollars each to continue the engineering design of their pilot projects off the Maine and Ohio shores.

Note that all five of 0T 1 Ul wx UONT EOUwOI 1 Giage pryjeri citddidlandlaptesdr WEDIE | E
1-29

1.231 %bUIT I UBDdrg) k(Atlantic City Wind Farm)
%DUT 1T UOT Oz Uws O1 UT a wx W@ xditedt tdtve tidined i® sldieEv@érsipl 8Bniteks aiifithe
coast of Atlantic City, New Jersey. The project will result in an advanced, bottom -mounted foundation

design and innovative installation procedures that aim to mitigate potential environmental impacts.
Innovatb OO U wOU w? 4626 wi PUUUU? wWEUUOEPEUI EwPPUT wlOT T wxUONIT EU

%OV wWOOUT wOOwWI EET woOil wiOT 1T w 3#wxUONT EOUOWUT T wOT 1T w#. $z0w. 11 0T
website at: http://energy.gov/eere/wind/off shore-wind -advanced-technology-demonstration -projects.
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First commercial use of Lockheed Martin Wind Tracer

First commercial use of AXYS Floating Light Detection and Ranging (LIDAR) System

5 MW, direct -drive turbine sinstalled in an offsho re environment

( OOOYEUDY!I wi OUOCEEOPEO&E]I BHOUOWhEGRIOBD W2 BUNEBOUD? &
installation techniques (allowing reduced dependence on heavy -lift vessels)

=A =4 =4 =4

1 New technology, post-construction, intensive avian impact studies

Amo ng the more advanced U.S. offshore wind projects, the Atlantic City Wind Farm has had a year of
mixed successes and setbacks. As last reported in late 2013, the proposed 25 MW project had completed
its permitting process only to be refused approval for sta te ratepayer-funded subsidies by the New
Jersey Board of Public Utilities (BPU) based on concerns about potentially high costs to ratepayers
(Johnson 2013, Milford 2013). The BPU gave the developers an opportunity to respond to its objections;
however, in March 2014, the Board again ruled against the project based on its analysis of the potential

a potential DOE ATD project award (Campbell 2014). After asking the BPU to again reconsider its
decision in light of what it claims were mistaken figures and assumptions, the developers received
notification that the DOE had in fact selected the project for one of the three ATD awards valued at up to
$47 million (North American Windpower 2014, Copley 2014). In August, 2014, the Superior Court of

-1 Pw)l UUI awbUET UI EwUOT T w! / 4w00wUl EOOUPET UwBdwerwET EDUD O
estimate of $199 per megawatt hour.

1.2.3.2 Virginia Offshore Wind Technology Ad vancement Project (VOWTAP)

A team led by Dominion Virginia Power of Richmond has proposed to des ign, develop, and install two 6
MW direct-drive turbines approximately 27 miles (or 23 nautical miles) off the coast of Virginia Beach.
The project will utilize an innovative foundation that offer sthe strength of traditional jacket or space-
frame structures, but use substantially less steel.Innovations associated with the VOWTAP that are
being developed include the following:

1 Alstom HALIADE 150 -meter, 6MW roto r
1 Permanent Magnet Direct Drive (PMDD) generator

f Innovative foundation design (i.e., 2 OPEUE w! EUVU0UIT Ul E w&UPER Wil CEUWREEIADAU T B aw
installation techniques (allowing reduced dependence on heavy -lift vessels)

1 Wake effects and wind farm controls

91  Supervisory control and data acquisition (SCADA) and condition -based maintenance (CBM)
systems

In February 2013, DMME submitted an unsolicited request to BOEM for a research lease in federal

waters off the coast of Virginia, and in December 2013,BOEM issued a Determination of No Competitive
Interest for the requested area.The research lease area is immediately adjacent to the western border of
the Virginia WEA, for which Dominion won and signed a competitive lease in late 2013 (see Figure 1-4).
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1.2.3.3 WindFloat Pacific (WFP)

Seattle, Washington-based Principle Power has proposed to install five semi-submersible, floating
foundations outfitted with Siemens 6 MW, direct -drive offshore wind turbines. The project will be sited
15 miles from Coos Bay, Oregon in approximately 350 meters of water.

Principle Power maintains that the WindFloat design will be more cost-effective than traditio nal offshore
wind foundations because the entire turbine and floating foundation will be built on shore and installed
with conventional tug vessels. The innovations associated with the WindFloat design include the
following:

9 Static and dynamic stability pr ovide pitch performance low enough to use conventional (i.e.,
fixed -foundation), commercial offshore turbines

I The design and size allow for onshore assembly and commissioning

1 The shallow draft of the semi-submersible foundation allows the assemblies to be sited,
transported (via wet tow), and deployed in a wide range of water depths

WindFloat's semi-submersible foundation includes patented water entrapment (heave) plates at the base
of each of three vertical columns. A closed-loop, active water ballast system moves water between the
columns in the semi-submersible foundation in response to changes in wind force and direction. This
allows the mast to remain vertical, thereby optimizing electricity production.

On May 14, 2013, Principle Power submitted an unsolicited commercial lease request to BOEM for the
demonstration project. In April 2014, BOEM issued a Determination of No Competitive Interest for the
area.

1.3 Capital Cost Trends

Overall, offshore wind power project costsmay be stabilizing somewhat compared to their recent long-
term upward trend ; however, data for projects anticipated to reach completion in 2015 and 2016are
somewhat limited . Figure 1-5 shows the reported capital costs over time for both operational pro jects
and those under construction. Note that all such capital cost data are self-reported by project developers
and is not available for all projects globally; therefore, they may not be fully representative of market
trends.
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Figure 1-5. Reported Capital Cost Trends for Global Offshore Wind Projects over Time
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excluded due to a cost overrun of more than 1 billion Euros.

Source: NRE analysig®

As noted in past editions of this report, th e long-term capital

cost increasehas beena function of several trends: a Offshore wind power project cos
movement toward deeper -water sites located farther may be stabilizing somewhat
offshore; increased siting complexity; and higher compared to thierecent long

contingency reserves that result from more limited
operational reserves and greater uncertainty when working
in the offshor e environment (Chapman et al. 2012).As will
be discussed in Sectionl.4, the industry has continued its efforts t via advancements in technology,
installation appr oaches, and project capacity factorst to try to address this cost issue. As noted above,
available capital cost estimates indicatethat this upward trend may in fact be slowing. For those projects
installed in 2013 for which data w ere available, the average reported capital cost was $5,187/kW,
compared to $5,385/kW for projects completed in 2012.

term upward trend.

10 Analysis was based on peerreviewed literature, industry white papers, press releases, developer and contractor
press releases, and industry databases. Most cost estimates are setéported figures from project developers and
could not be independently ve rified.
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Notably, these capital cost estimates from global projects may not capture all of the costs for which a
project in the United States might be responsible. However, until such data become available for
advanced-stage offshore wind projects in the U.S., capital cost projections will have to rely on model s
and assumptions that seek to address those differences The most recent projection of capital costs by
category (e.g., turbine, foundation, installati on, etc.) for a theoretical 500MW project in the U.S. appears
in Section3.3.

1.4  Market Segmentation and Technology Trends

As noted in the October 2013edition of this report, global offshore wind projects have followed several
general trends over time that will influence the developing U.S. market. In particular, wind farm sites
continue to move farther offshore into deeper waters, where more energetic wind resources and
increased annual energy production can contribute to increased project revenues. While this trend helps
reduce visual impacts and public opposition to offshore wind, it also requires advancements in
foundati on technologies and affects the logistics and costs of installation and maintenance. Related
trends in turbine design continue to shift toward higher capacity machines, which combine with
increasing hub heights and rotor diameters to allow projects to take better advantage of higher wind
speeds. Similarly, prototype machines are testing alternative drivetrain configurations that aim to
increase efficiencies, lower turbine weights, and decrease the frequency of costly trips to service and
maintain each turbi ne. The following sections discuss each of these trends in more detail.
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1.4.1 Depth and Distance from Shore

The global trend toward deeper water sites and greater distances from shore continued in 2013, both for
completed projects and those newly under construction. With this trend comes increased costs tied to
more complex installation in deeper waters, longer export cables (and subsequent line losses), and
greater distances for installation and ongoing O&M vessels to travel. Figure 1-6illustrates the average
distance from shore for each global offshore wind project based on the year in which it was installed.

Figure 1-6. Average Distance from Shore for Global Offshore Wind Projects over Time
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Note: Multi -phase projects were combined and are reported at the latest year when turbines were added at the
project site. Expansions or phases of existing projects sites currentlyunder construction were omitted to avoid
skewing the data. Figure includes commercial-scale projects; test and demonstrationscale projects are
excluded.

Source: Navigant analysis of data provided by NREL ldadigant Research

As shown above, more projects under construction in 2014 will be installed in waters greater than 20
miles from shore than in any previous year. Of those projects under construction in waters less than 10
miles from shore, all but two are located in the nascent Asian
markets of China and South Korea. For commercial-scale
projects with capacity additions in 2013, the average water
depth was about 15 meters,and the average distance from
shore was 13 miles.Figure 1-7 shows the relationship between greater than 20 miles from sho
average distance from shore and average water depth for than in any previous year
global offshore wind projects (both operational and under

More projects under consittion
in 2014 will be installed in water
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construction), as well as planned U.S. projects in advanced stages of development.

Figure 1-7. Depth and Distance from Shore for Global Offshore Wind Farms
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Source: Navigant analysis of data provided by NREL Idadigant Research

As shown in Figure 1-6 and Figure 1-7, several projects currently under construction (particularly in
Germany) are pushing the current limits of water depth and distance to shore. While advanced -stage
U.S. projects are generally planned for closer to shore than these newer European projects, some are
planned in BOEM WEA s with relatively deeper waters (e.g., Deepwater ONE). Notably, some of the
WEASs have average depths that exceed those of any currently operating commercial projects. The
Massachusetts WEA, for example, has an average depth of 50 meters and a maximum depth of 64
meters.
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Also of note are several full-scalefloating foundation demonstration projects operating in (or planned
for) waters at depths of more than 50 meters. Details of operating and planned full -scale floating
offshore turbine projects appear in Table 1-4.

Table 1-4. Operating and Planned Global Projects with Floating Foundations

Project Year Location Turbine Water Foundation Type
Installed Capacity  Depth (m)
Statoil Hywind 1 2010 Norway 2.3 MW 220 Floating Spar
Principle Power 2011 Portugal 2 MW 50 Semisubmersible Platform
WindFloat
Kabashima/Goto 2013 Japan 2 MW 91 Floating Spar
Fukushima Phase 2013 Japan 2 MW 120 Semi-submersible Platform
1
Fukushima Phase u/C Japan 2X7 MW 120 One Semisubmersible
2 (Planned) Platform; One Floating Spar
Statoil Hywind 2 Targeted Scotland 5x6 MW 100 Floating Spar
(Planned) for 2016
Principle Power Targeted u.s 6 X 5MW 365 Semi-submersible Platform

WindFloat Pacific for 2017  (Oregon)

Source: Navigant analysis of data provided by NREL ldadigant Research

In the U.S., the University of Maine has previously proposed two floating, 6 MW demonstration turbines
at an approximate depth of 86 meters, as shown inFigure 1-7, while Principle Power has proposed a 30
MW WindFloat Pacific project 15 miles off the Oregon coast in water estimated at 365 meters deep.
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1.4.2 Plant Characteristics

The trend of more distant and deeper plant sites has coincided with a continued shift toward larger and
higher-capacity projects. Figure 1-8 illustrates the increasing trend in plant sizes over time for both
operational projects and those under construction.

Figure 1-8. Glob al Offshore Wind Plant Capacities over Time
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Note: Plant capacities are shown for the year each projectreached completion. Multi -phase projects were
combined to show cumulative project capacity and are reported at the latest year when turbines were added at
the project site. Figure includes commercial-scale projects; test and demonstrationscale projects are excluded.

SourceNavigant analysis of data provided by NREL a¥avigant Research

As shown in Figure 1-8, the cumulative average capacity for projects completed from 2010 through the
end of 2013 is approximately 177 MW. 11 By comparison, the average perproject capacity for installations
currently expected to reach completion in 2014 or 2015is 237 MW, suggesting that the average
developed area for these projects is alsancreasing.

11 This includes the total capacity for multi -phase projects that added turbines at an existing site over the course of
OOUTl wOT EOwWOOT wal EVwepl 6T 80w&1 UOEGazUw! 1#w. 1 UT OUI wEGEWUOT T w
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As developers move further from shore, they also gain access to generally stronger and more consistent
wind resources, particularly at higher hub heights. As a result, new plants have continued to show a
slow but steady increase in reported capacity factors over time, as illustrated in Figure 1-9.

Figure 1-9. Reported Capacity Factors for Global Offshore Wind Plants over Time

Note: Plant capacity factors are shown for the year each projectreached completion. Multi -phase projects were
combined to show a single capacity factor and are reported at the latest year when turbines were added at the
project site. Figure includes commercial-scale projects; test and demonstrationscale projects are excluded.

Source: Navigant analysis of data provided by NREL ldadigant Research

1.4.3 Turbin e Trends

As the offshore wind power market has continued to grow, manufacturers have continued to design
larger and more innovative turbine models to address the specific challenges and design conditions of
the offshore environment. While fewer logistical constraints (relative to onshore projects) have allowed
for larger turbine and blade designs, manufacturers have sought to simultaneously control or reduce
overall project costs through increased reliability and tower top (nacelle plus blades) mass reducti ons, in
part through alternative drivetrain configurations. While the growth in average nameplate capacity of
installed turbines (as well as blade length and turbine height) has slowed in the past two years,
continued announcements of larger turbine and bl ade designs suggest that the upward trend will
continue in the near future. The most recent generation of offshore turbine technology comprises multi -
megawatt machines with several different drivetrain configurations specifically designed for offshore
use.
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