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Introduction

Rationale: This report summarizes the findings from the Offshore Wind Working Group (OWWG)
subcommittee on research and development (R&D). The largest and most energy-intensive area of the
United States, the Northeast and Mid-Atlantic coastal states, is far from large terrestrial wind resources
such as the Great Plains. Fast growing population centers in the southeastern U.S. are also much
farther from terrestrial wind resources than to potential offshore wind resources. The Gulf and West
coasts similarly have large loads closer to the ocean than to large terrestrial wind resources. To reach
20 percent wind integration, as laid out in the Department of Energy’s 20% Wind Energy by 2030
report, the offshore wind potential of the U.S. coasts will be important. Several projects along the East
and Gulf coasts are already designed and moving through the permitting process. Nevertheless,
levelized cost of electricity (LCE) is still higher than market in many areas. The R&D proposed here is
designed to lower LCE, thereby leading to more widespread implementation - making the achievement
of 20% wind integration more widespread regionally and not concentrated primarily in the heartland.

Process followed: In 2007, the OWWG created a document to outline the R&D needs of the offshore
wind industry in the United States. The overall OWWG put forward suggestions for needed R&D and
the subcommittee additionally solicited suggestions from industry experts on offshore wind. The list
was reviewed by the entire OWWG, resulting in edits and revisions. The Subcommittee and experts
then rank ordered this list and combined related topics. The R&D efforts below ranked in the top half
by priority and are roughly listed in priority order. The lower-ranked half is not reported here. Higher
ranks were given each R&D suggestion that:

1.Is essential to begin and develop the offshore wind industry (note: the U.S. today has zero
offshore turbines installed)

2.Will lead to new turbines, other components, or installation methods that are better, cheaper
or more reliable, or bring such components to market more quickly

3.Will lead to lower levelized cost of energy

4.1s uniquely required by offshore wind energy

5.Would lead to commercial development, possibly by multiple firms

6.Will help the U.S. Federal Government, States, or communities make better decisions or



reduce uncertainties regarding offshore wind
7.Begins long-term research that needs to be started now
8.1s unlikely to be done by companies on their own
9.Provides diversity - the entire list includes at least one of each of the following:
a. shallow water
b. transitional depth (25 - 60 m depth)
c. deep water (> 60m)
10. Affects large resource areas

Some of these R&D areas are described in more detail in "A Framework for Offshore Wind Energy
Development in the United States" by the Offshore Wind Collaborative in Massachusetts, and we have
drawn from that document for some R&D recommendations.

In March 2009, the same subcommittee was re-convened to update the list of R&D needs, and to
estimate approximate budget and scheduling for the highest-ranked items on the list. In the fall of
2008, a team of over 80 AWEA members and advisors from industry, government and academic
institutions identified $201 million as the DOE funding level that will be necessary to support the
research and development and related programs needed to provide at least 20% of America’s
electricity from wind by 2030. This funding level includes $108 million for Wind Turbine Technology
(components, reliability and offshore applications), with $15 million annually allocated specifically for
offshore wind. In light of these cost allocations, the OWWG has created cost estimates for each of the
following action items under a “blue sky” scenario.

Research and Development Priorities

The following R&D areas appear in the rank order developed by the committee. R&D areas that were
ranked at the halfway point or below are not shown.

1. Fundamental design evaluation for 5 - 10 MW offshore machines

The currently predominant turbine design has been optimized for land applications. Optimization for
offshore removes or alters many design parameters. There is a need to develop a basic analysis of
fundamentally different designs. For example, one of many possible outcomes could be that a viable 5
— 10 MW offshore machine might be two-bladed, downwind, mostly-passive yaw with a lattice tower.
First phase of this effort would be extensive engineering analysis of fundamentally different design
configurations, with publicly-owned intellectual property. Second phase begins prototyping, possibly
with public-private partnerships and leading to commercial products. Note that there has not yet been a
public commitment from any U.S. manufacturer for serial production of offshore-class turbines. The
first development projects already in the pipeline will probably use marinized versions of land designs
and draw on European experience. But for designs as described in this section, manufacturers may
need support and/or incentives to begin the development of optimized ocean turbines.

1la. Highly experienced design teams should be commissioned to implement new design requirements
that take into account relaxed constraints in the offshore environment, such as noise and esthetics. A
first-cut design study should be done, including multi-turbine grids, downwind, two bladed rotors,
passive yaw, high speed rotors, direct drive systems, etc, with competition between at least two design
teams. This effort should produce guidance for subsequently building several fundamentally different
prototypes by private firms, or public-private partnerships.

Optimized offshore turbines will likely favor larger sizes than are available today. New size-enabling
technologies will be required to push wind turbines to the 5-10 MW size. These technologies include
lightweight composite materials and composite manufacturing, lightweight drive trains, modular highly
reliable direct drive generators, hybrid space frame towers and integrated gearboxes. Ultra-large



turbines also present new opportunities that are not practical in smaller sizes. For example, control
systems and sensors that monitor and diagnose turbine status and health do not grow in cost as turbine
size increases, so larger turbines will enable a higher level of controls and condition-monitoring
intelligence. Research is needed on control methods using innovative sensor and data processing
technologies to mitigate turbine subsystem loads, to improve energy capture and to improve integration
into the electric grid. New rotor technologies will include advanced materials, improved aero and
structural design, active controls, passive controls, and higher tip speeds. Methods to enlarge the wind
turbine rotor to increase the energy capture in ways that do not increase structural loads, cost, or
electrical power equipment should be employed. Concepts such as active extendable rotors, bend
twist coupled blades or more active control surfaces may become practical. Structural loads due to
turbulence can be limited by using both passive and active controls on the longer blades. However,
since gravity loads grow with the blade length cubed, one must seek technologies that offer higher
material performance as blades grow. New materials and manufacturing processes are used to
simultaneously reduce total blade weight for 10 MW turbine blades. Blade designers will have to
consider the extremes of marine moisture and corrosion and the incidence of storm conditions unlike
those encountered on shore, including extreme tropical weather in the Southeast and Gulf and ice in
the Great Lakes. In addition to these problems, the higher humidity levels offshore create added
problems associated with icing in higher latitudes.

1b. Potentially a separate project would be development of floating wind turbines. These are necessary
to large offshore wind exploitation on the West Coast. The development of optimized floating wind
turbine systems will require additional innovation to reduce the weight of turbine and tower components
as a large portion of the buoyancy structure exists to support the dead weight aloft. The exact
relationship in this weight advantage needs to be analyzed through further studies and will be
dependent on the specific platform architecture. This may be achieved through high-speed rotors,
lightweight drive trains, composite towers or substructures using lightweight aggregates.

1c. A parallel open design competition should be set up, open to university student teams or others
with design expertise but not employed in wind manufacturing. This effort would facilitate interest and
some expertise among American institutions of higher learning, and among newly graduating
engineers, and could possibly be synergistic with 1a and 1b in generating “out of the box” design
concepts. It would be judged by volunteer professional engineers with wind expertise, possibly at the
site of a national wind conference. The program would include five one-year competitions, each judged
and with prizes awarded — budget would be $400,000/year for 5 years.

Budget and Scheduling

Design and development is a long term effort and should be broken down into multiple phases and
technology pathways. For turbines and fixed-platform, bottom-mounted tower designs, we envision an
initial phase for a public private partnership with industry that allows designs, components, or full
systems to be developed at varying levels of funding. First year funding is $10 million but ramps to a
$20 million/year program with expectation of 10 year duration and 50% cost sharing on all major
hardware development.

Floating projects would be done the same way but the hardware phase should not start until conceptual
designs have been proven on desktop studies with full dynamic modeling, so that designs have been
fully validated prior to co-funding prototype builds. The first stage would be a conceptual design
competition for approximately $10 million (about 10 awards) and would lead to the selection of the 5
best designs, which would then submit a detailed design. The next step would be a demonstration
project building phase beginning in about 3 years.

2. Large Scale National Offshore Wind Testing Facilities
A major R&D priority is the need for a large scale national offshore wind testing facility. This would
presumably be done with DOE, working in cooperation with multiple turbine manufacturers. This would




provide testing facilities for the new larger offshore-class machines, which are too large for existing U.S.
facilities. There are two components to this facility, component testing and site testing.

2a. Large offshore turbines will require test facilities for components such as blades, drive trains and
generators. Currently no facilities exist in the U.S. where one can test a 5 MW size blade and none
exist anywhere that can perform the necessary testing for a 10 MW wind turbine blade. Gearbox and
generator testing are also essential to developing low-maintenance components. Testing is essential to
reliability improvements and, in turn, is critical to long-term cost effectiveness. DOE estimated in 2002
that at least $24 million is needed to construct component test facilities.

2b. The site testing would allow DOE and manufacturers to understand the requirements for offshore
wind. This could serve as a site for pilot projects at sea to demonstrate fundamental turbine and
substructure technologies, to measure the true MET Ocean environment and to reveal issues relating
to permitting and potential environmental impacts. New initiatives could be conducted in the public
domain to maximize benefits to a wide industry base, including potential new entries from the offshore
oil and gas industry. The output should yield critical design methods and codes, uniform standards for
structural reliability, design specification guidelines, industry accepted safety margins, and valuable
data to validate design models, codes and assumptions. This could be a North American testing facility
with Canadian partnership to share resources and data for a more cost effective approach. The DOE
should begin scoping the costs and requirements of such a site and solicit feedback from industry.

Budget and Scheduling

Funding is needed for 2a - large component test facilities for blades, gearbox and generators. This is a
near term effort that could start fairly quickly. The test facility could be one site, or blades in one site
and gearbox/generator in another. Total cost could be $25 million to $50 million, for 10 MW component
facilities. For 2b, an in-ocean testing facility should be scoped. It may make sense for Federal lab
management of a few turbines, used for generic testing and development of standards. Due to
mobilization cost of offshore installations as well as O&M costs, in-site installations would likely be
shared with commercial developments and/or turbine manufacturers.

3. Offshore Design Computer Codes and Methods

The development of accurate offshore computer codes to predict the dynamic forces and motions
acting on turbines deployed at sea is essential before the next generation of turbines can reliably be
designed. One of the immediate challenges common to all support structure designs is the ability to
predict loads and resulting dynamic responses of the coupled wind turbine and support structure when
subjected to combined stochastic wave and wind loading. The offshore oil industry must consider only
the wave loading when extrapolating to predict extreme events, but offshore wind turbine designers
must consider wind and wave load spectrums simultaneously.

Hydrodynamic effects need to be included with analysis tools that incorporate combined wave loading
models for regular and irregular waves. Time domain wave loading theories, including free surface
memory effects, are used to relate simulated ambient wave elevation records to loads on the platform.
The complexity of the task to develop accurate offshore modeling tools will increase with the degree of
flexibility and coupling of the turbine and substructure. Usually, greater substructure flexibility results in
greater responses and motions to wave and wind loading. Perhaps the most important and least
understood analysis task is the determination of the extreme load generated by these two different
dominant stochastic load environments. Only recently has research begun on developing this type of
extreme load extrapolation technique.

Additional offshore loads arise from impact of floating debris and ice and from marine growth buildup on
the substructure. Offshore turbine structural analysis must also account for the dynamic coupling
between the translational (surge, sway, and heave) and rotational (roll, pitch, and yaw) platform
motions and turbine motions, as well as the dynamic characterization of mooring lines for compliant
floating systems.



Budget and Scheduling
This requires a sustained effort to get validated models and design tools. Historically a 10 year effort or
more requiring a sustained group of 10 modelers at about $3 million /year.

4. Cost Effective Offshore Wind Foundations

A large cost fraction for offshore wind systems resides in the foundations and substructures. Taking into
account installation costs, long-term maintenance, coupled turbine loads and weight, as well as the cost
of the substructure itself, the optimal turbine/substructure system needs to be established. Due to the
wide range of variables this effort will require extensive trade-off studies and a much better
understanding of what the existing and long-term offshore infrastructure can deliver. Before
considering deeper waters, an earlier goal should be to develop primary support structures that can be
deployed out to nominal depths of 50 meters. A qualified engineering team should evaluate prototyped
designs such as those being used at the Beatrice site, determine the feasibility and cost to do this in the
U.S., and make recommendations for what alternative designs should be considered, if any. For
example, new drop-in foundation designs that avoid costly offshore vessel dependence and work at sea
may provide better alternatives to the current options. Fixed bottom systems comprising rigid
lightweight substructures, automated mass-production fabrication facilities and integrated

mooring/piling deployments systems that minimize dependence on large sea vessels should be
developed as a possible low-cost option.

This effort should be extended to deeper waters at a slightly lower priority. Several designs should be
evaluated for bottom-mounted turbines to 100 meter depth and floating foundations beyond 100 meters
of water. Floating systems require anchors to maintain position and stability. The anchor systems
available in the oil and gas industry are expensive and have not been optimized for mass production or
for wind energy. For floating systems, platforms that do not depend on mooring line tension as their
primary means for achieving stability would benefit from the development of new low-cost drag
embedment type anchors or vertical load anchors (VLA). Deployable gravity anchors show promise for
all platform types because of their simplicity. Finally, better models of scour processes are needed in
conjunction with improved design methods for scour protection.

Budget and Scheduling

Similar design team approach as for recommendations 1la and 1b above - we recommend design team
awards for industry professional, possibly drawing on industry experts in offshore foundations (oil and
gas construction). These teams would innovate on what they know and demonstrate new foundation
technologies designed for wind. One or two phases with a total cost of $60 million (4 year effort at $15
million/year at 50/50 cost share) leading to new commercial foundations.

5. Marine Grid, Power Conditioning, and Infrastructure Development

To reach the nation’s 20% wind goal, we will need large turbine arrays, e.g. over 100 turbines installed
in a single array. These are being planned both in large land installations, for example in the Great
Plains, and for offshore wind. But for such arrays, the current distribution of power conditioning may
not be optimum. Also, improved marine power transmission cables are needed.

5a. Currently, each turbine must independently provide all electrical components and controls needed
for grid synchronization and power conditioning. For an array of hundreds of turbines, it may be more
economical to redesign both generator and power conditioning, and to centralize much of the power
conditioning on clusters or trunks of turbines, or for the whole array. The individual machine might have
minimal power conditioning. As one of several examples, each turbine might only produce variable-
voltage, constant current DC for a series DC bus along each row of turbines. The centralized power
electronics would synchronize to grid phase, frequency and voltage. For remote sites, the centralized



array power conditioning might not even produce AC; it might produce high-voltage DC to feed a HVDC
power line, and let the load side of the HVDC transmission produce AC and do the grid matching.

5b. For large scale offshore deployment of multiple projects, there will be substantial advantages in
developing large capacity submarine power cables and associated converter stations. This effort might
begin as technology neutral, including a diversity of approaches including high-voltage direct current
(HVDC) with thyristor valves in the converter stations, smaller HYDC using IGBT valves, and
superconducting cables for example. These would be used to connect to large installations further
offshore and to interconnect multiple offshore wind farms, e.g. along the East Coast. Currently there
are no U.S.-made marine-certified cables for offshore wind. The goal is to develop high capacity, high
efficiency and cost-effective marine cables.

Budget and schedule

5a should identify two teams with high-voltage, high-current, power electronics expertise to develop
alternatives to power conditioning in each turbine. This would take $2 million/year for years 1-3 for

design, review and evaluation. Then develop prototypes of power conditioning (not entire turbine),

cost-shared with industry at $20 million/year for years 4-6. Item 5b will require $10-15 million/year.

6. Certification and Standards Development

Research funding is needed to build confidence that adequate safety is being provided without
excessive caution that will raise costs unnecessarily. The Minerals Management Service (MMS) has
been authorized to set the standards for structural safety for all offshore wind turbine structures. We
have a common goal to create safe structures. The wind industry and MMS should work together to
build a reasonable regulatory system and a set of offshore standards that will promote the safety
needed to instill investor confidence without hindering deployment.

Budget and Scheduling

Research funding should be an ongoing effort to be sustained at $1 million/year. Include supporting
research to address analysis required to understand structural reliability issues working with the
Minerals Management Service.

7. Improved data on the offshore wind resource and development constraints

7a. Conduct a survey of the continental shelf physical resources using existing data bases in the near
term. Using existing data from multiple sources, locate and quantify the practical wind resource of the
U.S. Continental Shelf to 100 meter depth. Combine direct oceanic wind data, geological and
bathymetric data, existing tower designs, and easily-accessible conflicting uses that appear on
navigation charts. This would yield total areas of viable resource and breakdown by state. This could
guide private developers, national and regional planning, technology development and state-level
policies such as state Renewable Portfolio Standards. For wind, document both strength and
autocorrelations across sites in order to determine the value of offshore interconnections; this could
identify areas that would, if connected, reduce intermittency and potential opportunities for marine
interconnections. This is a near term project that should be started immediately. Early priority should
be given to the East Coast.

7b. Survey the outer continental shelf using GIS land-use overlays to characterize marine use activities,
ocean ecology, and other parameters relevant to offshore wind development. This activity should be
conducted in close cooperation with each state’s local and regional stakeholders. These studies need
to take into account a wide range of environmental and land/sea use issues in advance of wind
development prospectors; including sensitive ecosystems, avian flyways, aviation fly zones, shipping
channels, military zones, fisheries, existing easements, and other competing uses. Because this high
level data is not intended for siting decisions, site-level studies will still be necessary for individual



projects. Also, point conflicts such as historical shipwrecks may be better left to developer site-level
surveys. Early priority should be given to the U.S. east coast.

7c. Install a series of meteorological towers of 100 m height, along coastal areas believed to have good
resources, based on 7a and 7b. On-site, hub height met towers would both improve the
characterization of the ocean meteorological environment and provide some of the due diligence data
needed by investors, thus shortening the site study and development cycle. Due to the cost of
mobilization, a series of towers installed, for example, by a consortium, would be far cheaper than
installation of single towers at a time by developers. These platforms could also be used for other
instruments, such as bird radar, SODAR or LIDAR, which require either greater height or stationary
platforms, rather than buoys. Organizational effort here emphasizes Federal agency staff and
university experts to establish and maintain public data access, maintain facilities and build expertise.

7d. Measurements and models are needed to characterize the nature of wind and waves since offshore
wind turbine designs depend on accurate understanding of the physical ocean environment. This must
be done at different geographic locations since offshore structural design requirements will be based on
site specific data. The series of meteorological towers described in 7c would provide additional needed
measurement components, if they were strategically dispersed to 6-7 locations that would include
representative measurements to classify the impacts of warm weather climates (e.g. lightning,
hurricanes, warm water conditions, etc.) as well as cold weather climates (e.g. icing in the Great Lakes,
perhaps in cooperation with Canada). A European Union effort is underway to improve meteorological
predictions of wind power output. By joining this effort, greater gains could be made per unit cost, while
insuring that resulting methods and models are applicable to North America.

Budget and Scheduling

Item 7a is very high priority and can proceed immediately without waiting for item 7b, 7c or 7d. The
cost would be $2 million/year for five years. Use university experts or environmental firms with track
records on ocean-specific wind analysis, expertise on using existing data and models, and proven
ability communicate in a form usable to state policy-makers (e.g. how many MW are practical in this
state). Use known teams and existing data so as to get practical actionable results soon, with later
refinement by items 7b, 7c and 7d.

Item 7b might be able to leverage Interior or National Oceanic and Atmospheric Administration (NOAA)
funds.

Item 7c would require $120 million over 2 years to deploy 30 towers, each 100 meters with multiple
instruments. Also, $5 million/year over 5 years for a team bridging National Buoy Data Center (NBDC)
and university and Federal ocean meteorology experts. This team would initially specify tower
locations, archive and provide open data access (NBDC) and maintain instruments and calibration
(NDBC). Then the team will perform and publish strategic analysis (ocean meteorology experts) and,
once the towers are in place, publish data use guidelines usable by private developers and by state and
Federal energy planners (energy policy experts).

Item 7d would draw on the met towers in 7c and thus, the additional funds for meteorological
characterization would be $1 million/year over 5 years.

8. Offshore Wind Farm Arrays

Offshore wind array performance is very sensitive to atmospheric boundary layer stability which tends
to vary temporally at a given site. Current array models do not adequately represent these stability
effects and need improvement. Better models are needed to predict the impact of turbulence inside the
wind plant. Accurate characterization of the atmospheric boundary layer behavior and more accurate



wake models will be essential to understand and design turbines to withstand wind plant turbulence.
Since turbulence causes wear and tear on the turbines, as the industry grows it will be a high priority to
be able to quantify the degree of turbine generated turbulence under a wide range of conditions and to
develop tools to design wind plants that minimize turbulence at the source.

The configuration and spacing of wind turbines within an array has been shown to a have a marked
effect on power production from the aggregate wind plant as well as for each individual turbine. Typical
offshore wind farms lose 10% of their energy to array effects. Improvements in array layout may allow
some recovery. Uncertainties in power production represent a large risk factor for offshore
development. Today’s wake codes attempt to model performance but empirical data show inadequate
representation of individual turbine output. Large cost reduction opportunities exist in improving wind
farm performance models.

The impact of one wind plant on another is likely to be a larger problem than for land-based systems
because the open ocean contains continuous tracks of unobstructed windy territory. Wind plants
introduce downstream turbulence that regenerates over some distance but analytical models to predict
optimum spacing between arrays are very immature. Wind plants installed upstream must take into
account their effect on downstream wind plants in terms of energy capture predictions as well as
structural loads due to modifications of the wind characteristics. The understanding and managing of
“wind rights” and set backs will be important.

Budget and Schedule
This effort will require a sustained team of 3-4 people over a 5 year effort at $1.5 million/year.

9. Potential Effect of Offshore Wind Development on Coastal Tourism

Tourism and recreation-related development is one of the major factors shaping development patterns
in coastal zones and can affect coastal lands, near-shore waters and beaches. The coastal zone is a
limited resource being used by many different stakeholders, including local residents, foreign and
domestic tourists, and industry. Data from the U.S. Census Bureau indicate of those who were
surveyed in 2003, over fifty million had visited a beach within the past twelve months. Although it is
often alleged that an offshore wind farm in the United States will have a specified effect on tourism, the
impacts (negative or positive), if any exist, have not been empirically studied. A survey should thus be
conducted to collect data on beachgoer selection trends, beachgoer preferences, and demographics to
examine the link between beach selection and the presence of offshore wind farms.

Budget and Schedule

Initial prospective surveys in 6 states with near-term development plans will cost $400,000 over 2
years. Coastal tourism data combined with on-beach surveys at two development sites, before, during
construction and 2 years after project completion, will cost $1 million/year over 4 years.

10. Advanced Deployment and Maintenance Strategies

The largest components of higher offshore LCE cost is the higher cost of construction and maintenance
in offshore environments, including installation and logistics. A database of offshore equipment and
cost is needed so that costs can be accurately represented and cost reduction efforts can be assessed.
Lifting systems should be developed that will enable the use of alternative towers, turbines and rotors to
reduce or eliminate the need for specialized heavy-lift ships. For example, the development of a
streamline system for installation to float out turbine and towers assembled in dry dock to a project area
would reduce cost and cost over-runs due to bad weather conditions. European wind farms have
incurred up to 30% cost overruns because of bad weather on some projects.

The reliability of wind turbines must be improved for offshore systems. Fewer repairs would further
eliminate the need for expensive vessels. New offshore strategies must be developed that minimize



work done at sea. It is essential that new turbine designs, starting with the preliminary concepts,
rigorously place a higher premium on reliability and in-situ repair methods. Materials must be selected
for durability and environmental tolerance. The design basis must be continuously refined to minimize
uncertainty in the offshore design load envelope. There must be an emphasis on the avoidance of
large maintenance events that require the deployment of expensive and specialized equipment. Much
of this should be done at the design stage through ruggedized components, improved quality control
and inspection, and increased testing at all stages of development. Offshore machines must be proven
on land first before they are deployed in numbers and the industry must establish guidelines to
determine when a machine is ready for deployment at sea.

Potential developments of new manufacturing processes and improvements of existing processes that
will reduce labor, reduce material usage, and improve part quality, is an area of great potential for
offshore cost reductions. Offshore installations may allow for manufacturing and assembly to occur in
close proximity to well developed industrial facilities as well as the offshore site. The use of large
barges for transport then allows the full turbine to be transported from the manufacturing and assembly
facility to the final point of installation.

To further reduce offshore maintenance, coatings that would last the life of the project for the primary
structure, tower and blades should be developed. Materials to protect secondary structures (platforms,
j-tubes, etc.) should also be developed. Current European offshore wind shows that deposits of insects
and salt spray, and pitting, cost 2-3% of electrical output. New methods for cleaning, and/or recoating
blades at sea should be developed and tested.

Budget and schedule

The R&D subcommittee does not have a firm basis for estimating the cost of this effort. We estimate
$5 million for vessel-based research and $5 million for O&M focused research, the latter would be cost-
shared with industry.

11. Integration of large offshore power into Eastern grid

Because the offshore wind resource of the coastal Eastern states is estimated to be substantially
greater than the load of these states, practical use of this resource will require advances in the
integration of large fluctuating resources into the grid. A comprehensive set of integration options
might include at least the following two.

11a. Transmission strategies for coastal areas need to be understood, and may be different from mid-
continental areas. For example, transmission inland may be used to absorb power when offshore wind
power exceeds 100% of load in coastal electric systems. Another strategy is to build transmission
along the coast, offshore (like the European so-called SuperGrid); this would connect offshore wind
facilities and use meteorological diversity to level output fluctuations.

11b. Devices and methods for management of wind fluctuations should be tested and modeled. These
include planning of greater loads during winter when the offshore wind resource is greatest (e.g. electric
heat displacing combustion furnaces in buildings), management of centralized storage and active
management of storage inherent in loads (e.g. heat storage added to building heating systems). Two
methods for storage include centralized purpose-built electrical storage, and use of plug-in vehicles for
electrical storage during excess wind and release during insufficient wind.

Budget and schedule
11a. This effort would require $2 million/year for a three-year transmission study, including use of
existing Eastern grid, and alternative designs for offshore Atlantic connector.

11b. This effort would require $2 million/year for 4 years and would include two parallel efforts: first,
field experiments using managed loads, storage heaters, and plug-in vehicles to level wind output;
second, a modeling effort combining site storage techniques, centralized storage, and transmission.



12. Avian and Marine Ecology Research

Extensive avian research has been conducted in European wind farms without finding a major problem
associated with mortality due to wind turbine collisions. However, concerns still exist and European
experience is insufficient to fully demonstrate the impact of wind turbines on birds in the United States.

12a. Prospectively and area-wide, a single ornithological study should be conducted over the entire
Eastern United States flyway. More detailed research should focus on areas most suitable for wind
energy deployment.

Many species of fish and other marine life are more abundant in shallow waters favored also by current
offshore wind projects. These species may include both resident and migratory seabirds (including
gulls, terns, gannets, cormorants, storm-petrels, shearwaters and others) which come to these banks
for food year round. Because the U.S. continental shelf is less shallow than in Europe, there may be a
greater concentration of marine life in these shallow areas than similar areas in Europe. The feeding
ecology of seabirds and other water fowl needs to be studied on offshore banks and over submerged
ledges.

12b. Before and after construction studies should be conducted at early wind farms in the United
States with public disclosure of the findings. Estimating post construction mortality of birds at terrestrial
projects is a matter of physically searching the area around turbines and correcting for misses and
scavenging. Offshore, new remote sensing methods to detect bird strikes need to be designed and
field tested. Careful studies are needed to determine the effects of offshore turbines on various avian
species, building on extensive work conducted in Europe and in the U.S. onshore wind turbine market.

Budget and Schedule

For the prospective area-wide study mentioned in 12a, the cost is estimated by extrapolation from a
New Jersey comprehensive study, underway in 2009, extrapolated by area to cover Virginia through
Maine out to 30 nautical miles. On this basis, flyway survey cost over two seasons would be $132
million - however, a more refined cost estimate is needed.

12b. This effort requires two site studies (pre- and post-construction) managed by Federal agencies
and not by developer, with results publically available. $7 million per study, synchronized to timing of
early two developments in diverse ecological zones.

13. Recommended methods for evaluating costs and benefits of projects

During both the Long Island offshore wind process and the Delaware power purchase agreement
process, there was considerable debate over the cost and benefit analyses of each project.
Development of recommended criteria and methods for evaluating the costs and benefits of offshore
wind projects, including guidelines for evaluating direct, indirect and induced job impacts, would help to
eliminate debate on this issue. These criteria and methods could optionally be used by states,
developers, or non-governmental groups to evaluate specific offshore wind proposals.

Budget and Schedule
This effort would require $400,000 over 2 years.



