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Cape Hatteras, North Carolina.). Kempton et al. (2007) used anemometer readings from nine 
regional NOAA weather buoys to extrapolate decades of wind speed data to determine average 
wind speed at the height of modern offshore turbines (80-100m). In their analysis, they also 
include realistic “exclusion fractions” to account for areas that are assumed to be 
undevelopable due to the presence of major bird flyways, shipping lanes, military restricted 
areas, and major tourist beaches, among others. Kempton et al. (2007) estimate an average 
annual wind power resource of 330 GW (1,012 TWh/y) for the Mid-Atlantic Bight. This 
estimate is based on the installation of 166,720 5-MW turbines out to a 100-m water depth, 
spanning an area of more than 50,000 square miles. Whether or not that degree of offshore 
wind power development is feasible, the estimate substantially exceeds the region’s combined 
energy use (~185 GW) from electricity, gasoline, fuel oil, and natural gas sources.  
 
Figure I-16 depicts NREL’s estimate of gross offshore wind power potential along the Atlantic 
coast. The NREL analysis uses Class 5 winds or greater to a distance extending 50 nm offshore, 
and it does not consider any exclusion zones. The light blue areas on the map signify a depth of 
0 to 30 m, which, because of technology constraints, is close to the maximum water depth that 
could be utilized today. In the future it is anticipated that advanced technologies, such as 
floating turbines, will allow access to deeper waters further offshore. The NREL estimates a 
gross offshore wind resource of 1,024 GW (3,140 TWh/y) for the entire Atlantic . Assuming 
that only 40 percent is available because of other ocean uses gives an extractable resource of 
410 GW (1,257 TWh/y). While the majority of this occurs in waters that are too deep for 
development today (due to technological constraints), a substantial gross resource of 253 GW 
(775 TWh/y) does exist in shallow waters (< 30 m). Using the same assumption, that gives an 
extractable shallow-water wind resource of 101 GW (310 TWh/y) which could be developed 
now with current technology.   
 

 
 

Figure I-16.  Atlantic Wind Resource Potential Map in GW by Depth (Source: NREL) 
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Ocean Current:  Florida has the greatest potential for future development of ocean current 
power in the United States, and perhaps even the entire world. The water within the Gulf 
Stream moves at a steady pace of about 1.5 meters per second (m/s), with average velocities 
approaching 2.5 m/s off the coast of Florida. The Gulf Stream never stops, and its flow velocity 
actually increases in the summer, matching well with base-load summer-peaking energy 
demands (FAU, 2009). According to Von Arx et al. (1974), the ocean flow of the Gulf Stream 
has the potential to be more energy-dense than the world’s best wind power-generating sites, 
with a total energy flux of 25 GW. This resource is located close to shore in areas that exhibit 
high coastal populations and high energy demand. For example, the Florida Straits Current 
flows only 8 km offshore in the southern part of Florida, close to Miami, and sustains relatively 
large speeds over significant distances in relatively unchanging patterns.  
 
Early estimates show that the ocean current energy resource in Florida has a potential of 
10 GW annual average power, or 50 TWh/y at full build-out, assuming a 57-percent capacity 
factor (Lissaman and Radkey, 1979).  That is approximately one third of Florida’s average 
electricity consumption.  Recent estimates by Florida Atlantic University range between 4 and 
8 GW annual average power (35 and 70 TWh/y) (FAU, 2009). Better information should 
become available as additional resource work is conducted and advances in technology can 
make extraction estimates more predictable.  
 
Wave:  The EPRI estimates the gross offshore wave energy resource to be 110 TWh/y for the 
Atlantic (New England and Mid-Atlantic) (see Figure I-10). Assuming 15 percent could 
realistically be harnessed results in an energy potential of about 16.5 TWh/y. These estimates are 
preliminary, and they have yet to be validated, but they are the best estimates that exist to date. 
To help fill this information gap, EPRI is under contract with the DOE for a comprehensive 2-
year study to determine the actual available and extractable wave resource estimates. New 
numbers are due to be released in 2009 and 2010. In contrast to the west coast, early estimates 
suggest that wave resources along the eastern coast of the United States likely are not strong 
enough to be suitable for development as a primary energy source, though there may be areas 
where it can be locally important. 
 

b. Gulf of Mexico OCS Region 
Resource Potential in the Gulf of Mexico OCS—Wind Energy 
 
Wind:  Wind speed data from NREL show that the majority of the Gulf’s coastline has only 
Class 3 wind speeds close to shore. Still, there is limited potential for offshore wind 
development, mostly off the southeast coast of Texas.  
 
Texas—like the west coast of Florida—is unique in that its State waters extend to 9 nm 
offshore (rather than the typical 3-mile boundary), and it has shown interest in building wind 
facilities offshore Galveston Island and Padre Island. The Texas General Land Office, which is 
responsible for leasing the State’s land and mineral resources, recently approved lease 
agreements for two offshore wind farms. In October 2005, Texas became the first state to enter 
a lease agreement with a private developer for testing and construction of an offshore wind 

 
 I-25  



Survey of Available Data on OCS Resources and Identification of Data Gaps 
 

 
 I-26  

facility.21 The 2005 agreement leases some 11,355 acres of State waters to Galveston Offshore 
Wind, LLC, for a planned 150-MW wind facility off Galveston Island. It remains to be seen 
whether or not this venture will prove economically viable.  
 
Figure I-17 depicts NREL’s estimate for offshore wind power along the Gulf coast. The NREL 
analysis uses Class 5 winds or greater to a distance extending 50 nm offshore, and it does not 
consider any exclusion zones. The NREL estimates a gross offshore wind resource of 67 GW 
(205 TWh/y) for the Gulf. Assuming that only 40 percent is available because of other ocean 
uses gives an extractable resource of 27 GW (82 TWh/y). The Gulf’s wind resource occurs in 
relatively deep water (>30 m), and given technological constraints, is not expected to be 
developed in the near future. However, initial development in State waters, like Texas, may 
provide an opportunity for expansion onto the OCS in the future. In the long term it is 
anticipated that advances in technology, such as floating turbines, will allow access to deeper 
waters further offshore. 
 

 
 

Figure I-17.  Gulf Wind Resource Potential Map in GW by Depth (Source: NREL) 
 

c. Pacific OCS Region and Hawaii 
Both the Pacific Northwest and Hawaii show strong potential for offshore renewable energy. 
For both of these areas, wave power is the most likely resource to be developed on the OCS in 
the short term. Although strong wind resources exist offshore California, Oregon, Washington, 
and Hawaii, the majority of this resource lies in deep waters and, thus, is currently challenged 
by technology constraints.  
 
Wave energy resources are best between 30º and 60º latitude in both hemispheres, and the 
potential for more intensive wave energy tends to be the greatest on western coasts due to 

                                                 
 
 
21 See press release at http://www.glo.state.tx.us/news/archive/2005/jpgs/Offshore-FINAL-PR-10-24-05.pdf ; 
accessed November 1, 2006. 

http://www.glo.state.tx.us/news/archive/2005/jpgs/Offshore-FINAL-PR-10-24-05.pdf
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prevailing winds and weather patterns. The wave climate along the west coast of North 
America represents one of the best prospects for development. Deeper waters closer to shore 
also make wave energy more advantageous there—though the same deep waters will hamper 
the development of significant offshore wind power resources in the short term. In addition to 
the relatively consistent and predictable wave energy produced across the long fetch in the 
North Pacific, this region possesses the coastal infrastructure and the demand for electrical 
power generation that could make development economically viable. 
 
In the immediate future, wave energy seems most likely to be deployed off the coasts of 
California, Oregon, and Washington. Developers have shown a high level of interest in this 
area, and numerous projects have been proposed, licensed, or granted preliminary permits, 
mostly in state waters through the FERC licensing process. Although no full-scale wave energy 
projects are operational, several offshore wave energy projects are in the permitting or 
demonstration phases in Oregon, Washington, and Hawaii. Internationally, wave energy 
projects are operating on a small scale or are in development in Portugal, Japan, the United 
Kingdom, and Australia. Offshore wave energy likely would be commercially introduced first 
in Hawaii and northern California because of the combination of strong wave climate and the 
relatively high cost of electricity in the regions. Oregon and Washington also have strong wave 
resources; however, the demand for electricity in those States is lower because they already 
generate alternative power from hydro resources.  
 
 
Resource Potential in the Pacific—Wave and Wind Energy 
 
Wave:  The EPRI estimates the gross offshore wave energy resource to be 440 TWh/y for 
waters of the Pacific Northwest (northern California, Oregon, and Washington). Assuming 
15 percent could realistically be harnessed results in an energy potential of about 66 TWh/y. To 
put this number into perspective, Oregon’s electricity consumption in 2006 was about 53 TWh. 
The Hawaiian Island chain wave energy potential is estimated at 300 TWh/y, or about 45 
TWh/y of electricity generation potential using an extraction rate of 15 percent. Again the 
above estimates are preliminary and they have yet to be validated, but they are the best 
estimates that exist to date. To help fill this information gap, EPRI is under contract with the 
DOE for a comprehensive 2-year study to determine the actual available and extractable wave 
resource estimate. Revised estimates are due to be released in 2009 and 2010.  
 
Wind:  Site-specific offshore wind resource estimates have been performed for various parts of 
the United States, including California (see Musial and Butterfield, 2004; Dvorak et al., 2007). 
Researchers at Stanford University recently conducted an in-depth analysis of California’s 
offshore wind energy potential. Dvorak et al. (2007) focused on three geographic areas of 
California—Northern California, the San Francisco Bay area, and Southern California. By 
modeling the offshore resource at high resolution, their analysis found between 78-330 TWh 
offshore wind energy potential developable annually—a significant available resource—though 
the vast majority (86-98%) of California’s wind resource exists in deep waters and, thus, 
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currently is not viable for development.22  Interestingly, the study found that Northern 
California showed the most potential for offshore wind resource, but this region lacks any large 
population centers and any large transmission lines near the coast, making large-scale 
development in that area somewhat problematic. As grid connectivity is a key factor for ocean-
based renewables, inadequate onshore infrastructure could potentially hamper offshore 
development.  
 
Figure I-18 depicts NREL’s estimate for offshore wind speed and gross resource potential 
along the Pacific coast. Figure I-19 shows the wind speed map for Hawaii. The NREL analysis 
for resource potential uses Class 5 winds or greater to a distance extending 50 nm offshore, and 
it does not consider any exclusion zones. The light blue areas on the resource potential maps 
signify a depth of 0-30 m, which, because of technology constraints, is close to the maximum 
water depth that could be utilized today. The NREL estimates a gross offshore wind resource 
potential of 902 GW (2,765 TWh/y) for the Pacific, including Hawaii. Assuming that only 
40 percent is available because of other ocean uses gives an extractable resource of 361 GW 
(1,106 TWh/y). The majority of the resource occurs in deep water, however, and therefore 
cannot be developed today. Even so, the MMS has received Interim Policy nominations and 
other inquiries showing interest for offshore wind power development off the coasts of 
California and Oregon. In the future, it is anticipated that advanced technologies, such as 
floating turbines, will allow access to deeper waters further offshore.  
 

 
Figure I-18.  Pacific Wind Speed Map (left) and Gross Resource Potential Map (right) in GW by Depth (Source: NREL) 
 

                                                 
 
 
22 The study assumed the use of a Repower 5M 5.0 MW turbine, each of which requires an area of 0.44 km2. The 
study also accounted for exclusion zones (shipping lanes, restricted wildlife preservation areas, viewshed 
considerations, etc.) by including a 33% exclusionary factor for all possible turbine areas.  
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Figure I-19.  Hawaii Offshore Wind Speed Map (Source: EPRI) 
 

d. Alaska OCS Region 
Alaska has significant ocean energy resource potential in the form of offshore wind, wave, and 
tidal power. There are several reasons these resources may not be developed on the OCS in the 
near-term, however.  Harsh weather conditions, untested and unproven technologies, significant 
distance from high-energy demand centers, and more readily accessible locations in other parts 
of the country are some of the challenges that developers may face in this area.  
 
Resource Potential in the Alaska OCS—Wave, Tidal, and Wind Energy 
 
Wave:  The EPRI estimates show that Alaska has the best wave energy resource potential in the 
U.S., at 1,250 TWh/y, or some 60 percent of the U.S. resource as estimated to date (see 
Figure I-10). Assuming 15 percent could realistically be harnessed results in an energy 
potential of about 188 TWh/y. While the resource is vast, it is hard to predict the extent of 
development that is likely to occur in Alaska either in the short term or the long term. Weather 
conditions are harsh here; wave power technology is still unproven on a commercial scale, and 
Alaska’s remote location is far from high-energy demand centers in the Pacific Northwest.  
 
Tidal:  The EPRI has conducted extensive analysis on the tidal resource in Alaska, including 
specific site surveys and feasibility studies for building tidal power plants.23  Similar to wave 
power, Alaska holds vast tidal resources that could produce enormous amounts of electricity. 
As highlighted earlier, though, the majority of tidal power potential occurs close to shore, 

                                                 
 
 
23 See the reports at http://oceanenergy.epri.com/default.asp.  

http://oceanenergy.epri.com/default.asp
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typically in state waters. Even if some tidal resources were present in Federal waters, it is much 
more likely that those resources in State waters will be developed first.  
 
Wind:  Validated wind speed maps show that Alaska has wind speeds that could support 
utility-scale production both onshore and offshore (Figure I-20). Offshore of mainland Alaska 
and the Alaskan Panhandle, wind speeds of Class 6 and Class 7 are readily available, often 
close to shore. Although the MMS is not currently aware of any developers that are interested 
in development at this time, the potential does exist given the abundant wind resources. The 
estimated wind power potential for this area of the OCS is unknown at this time.  
 

 
Figure I-20.  Alaska Offshore Wind Speed Map (Source: NREL) 

 

D. Current Developments and Suggestions for Next Steps 

1. State Initiatives 
a. Coastal States’ Renewable Portfolio Standards 

Many coastal States have adopted renewable portfolio standards (RPS) that require electricity 
providers to obtain a minimum percentage of their power from renewable energy resources by a 
certain date.  Due to constraints on onshore energy development, many States, especially those 
on the east coast, must look offshore to develop renewable energy in support of their RPS.  
Figure I-21 shows each coastal state RPS.  Three States on the east coast—Delaware, New 
Jersey, and Rhode Island—have acted formally to encourage the development of offshore wind 
power in support of their RPS and related energy policy goals. 
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State Goal

CA: 33% by 2020

State RPS

OR: 25% by 2025 (large utilities)
5% - 10% by 2025 (smaller utilities)

Source: DSIRE: www.dsireusa.org November 2008

HI: 20% by 2020

WA: 15% by 2020 (large utilities)

TX: 5880MW by 2015

12.5% by 2021NC

12% by 2022VA

20% by 2020DC

20% by 2019DE

20% by 2022MD

22.5% by 2021NJ

24% by 2013NY

23% by 2020CT

16% by 2020RI

15% by 2020 +
1% annual increase

(Class I Renewables)

MA

16% by 2025NH

30% by 2000
10% by 2017 - new RE

ME

Coastal States 
Renewable Portfolio Standards (RPS)

 
 

Figure I-21.  Renewable Portfolio Standards for Coastal States 
 

 (1) Delaware 

The Delaware General Assembly passed a bill directing the State’s largest utility, Delmarva 
Power, to contract with new power resources that will guarantee stable prices for electricity.  
The Delaware legislature also passed an RPS requiring that 20 percent of the State's electricity 
come from renewable sources by the year 2019.  In November 2006, Delmarva Power issued a 
Request for Proposals (RFP) for the construction of a new power plant in Delaware. Bluewater 
Wind submitted the winning proposal, and in June 2008, Bluewater Wind announced that it 
signed a 25-year power purchase agreement with Delmarva Power to sell the utility up to 
200 MW of power from an offshore wind facility proposed on the OCS.  The agreement with 
Delmarva Power was ratified by the Delaware legislature on July 31, 2008.  Under this 
contract, the developer needs to obtain from MMS the permits for construction and operation of 
the project by August 2012.   
 

(2) New Jersey 
The New Jersey Energy Master Plan contains a goal of installing at least 1,000 MW of offshore 
wind energy by 2012 and at least 3,000 MW by 2020.  In April 2006, the New Jersey Blue 
Ribbon Panel recommended that the New Jersey Board of Public Utilities (NJ PBU) proceed 
with an offshore wind pilot project to obtain practical knowledge of benefits and impacts 
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resulting from offshore wind turbine facilities.  The NJ BPU issued a solicitation for proposals 
to develop a capacity of 350 MW of wind power on the OCS and offered a grant of $19 
million.  In October 2008, the State selected Garden State Offshore Energy LLC (GSOE) as the 
winner of the grant solicitation.  New Jersey is currently in negotiations with GSOE for a 
project to come online in 2013. After being selected as the winning bidder, GSOE decided not 
to accept the full grant funding, which the State subsequently has decided to use for a 
meteorological tower rebate program and studies funding.  In October 2008, the NJ BPU 
initiated an application process for the proposed offshore wind rebate program for the 
construction of meteorological towers, with total funding in the amount of $12 million.  The 
program requires applicants to commit to putting a meteorological tower into operation by the 
end of 2009 and to diligently pursue the permitting of a 200-MW commercial generating 
facility to be constructed no later than 2012.   
 

(3) Rhode Island 

In 2006, the Governor of Rhode Island announced a plan to increase the use of renewable 
sources of energy to generate 20 percent of the State’s electricity needs. It is expected that 
approximately 15 percent will be derived from wind energy.  In July 2008, the Rhode Island 
Renewable Energy Fund Board of Trustees approved funding for the development of a Special 
Ocean Area Management Plan (SAMP) for the Rhode Island coast, which would determine 
appropriate areas for siting offshore wind facilities in both State and Federal waters. Rhode 
Island also issued a RFP seeking bids from private companies to construct and operate an 
offshore wind facility, and Deepwater Wind was chosen the winner in September 2008.  The 
project is planned in two phases, the first entailing completion of construction of a facility in 
state waters in 2012, and the second entailing the start of construction of a facility in Federal 
waters in 2015.   
 

b. Other Coastal State Plans and Initiatives 
Several other coastal states are not as far along in offshore renewable energy activity as those 
discussed above, but have to varying degrees acted to encourage development. 
 

(1) Massachusetts 
The Commonwealth of Massachusetts has established a RPS and has enacted the Oceans Act of 
2008, which requires preparation of a comprehensive plan to manage development, including 
renewable energy, in State waters.  In January 2009, the Governor announced a goal of 
producing 2,000 MW of wind power by 2020, citing the abundant offshore resource as an 
important means to achieving this goal. 
 
Massachusetts is also the site of the proposed Cape Wind Energy Project.  Cape Wind proposes 
to construct and operate a commercial-scale wind energy facility offshore Massachusetts, on 
Federal submerged lands in Nantucket Sound.  The proposed project would occupy 
approximately 24 square miles of the OCS and consist of 130, 3.6 MW wind turbine generators 
mounted on monopole foundations. Cape Wind was proposed by Cape Wind Associates, LLC 
in November 2001. Following the passage of EPAct in 2005, the MMS assumed lead federal 
responsibility and initiated its own independent environmental review pursuant to the NEPA.  
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Cape Wind must obtain a lease from the MMS prior to commencing construction and operation 
of the project.  The MMS published the Cape Wind draft Environmental Impact Statement 
(EIS) in January 2008 and the final EIS on January 16, 2009.   
 

(2) New York 
The State of New York has established an RPS.  The Long Island Power Authority (LIPA) 
proposed a 140-MW wind generating facility off Long Island in 2005, but suspended work in 
2007 due to concerns about escalating costs.  In recognition of the great demand for electricity 
in the area of New York City and the State’s RPS, LIPA and Consolidated Edison announced 
in September 2008 their intention to study the potential for wind development 10 miles off 
Rockaway.  Similarly, in November 2008, the New York Power Authority announced 
preparation of a 10-year plan that includes an offshore wind farm off Long Island with a 
capacity of up to 500 MW.  Consolidated Edison Inc., owner of New York’s electric utility, and 
the State-owned Long Island Power Authority will solicit proposals by year-end for an offshore 
wind farm capable of powering 25,000 homes.  The project would be 13 miles (21 kilometers) 
off Rockaway Peninsula in the Atlantic Ocean. 
 

(3) Maryland, Virginia, and North Carolina 
Maryland and North Carolina have established RPS’s, and Virginia has set a nonbinding goal 
for renewable energy generation.  All three States have engaged in stakeholder outreach and 
preliminary research activities to explore the feasibility of offshore renewable energy 
development. 
 

(4) South Carolina and Georgia 
Neither State has established an RPS, but both have taken preliminary steps to consider 
offshore wind development.  Following several years of joint research involving Southern 
Company and the Georgia Institute of Technology, Southern Company has applied for limited 
leases to construct site assessment facilities on the OCS off Georgia under the MMS Interim 
Policy, and the MMS lease issuance process is underway.  Areas off South Carolina also were 
nominated but not selected for processing by MMS.  Santee Cooper, Coastal Carolina 
University, and the South Carolina Energy Office plan to launch weather buoys that will 
measure wind off the coast of Georgetown and Little River in South Carolina. 
 

(5) Florida 
The State has not established an RPS.  Its main interest in offshore renewable energy at this 
time relates to ocean current resources off its southeastern coast.  Efforts to investigate these 
resources have been led by the FAU COET, which is pursuing partnerships to establish a South 
Florida Testing Facility range for research, design, and implementation relating to commercial 
development.  Also, MMS is processing limited lease requests under its Interim Policy for four 
proposed lease areas off the southeastern coast. 
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(6) Texas 

Texas has shown interest in building offshore wind facilities in State waters off Galveston and 
Padre Island. The Texas General Land Office, which is responsible for leasing the State’s land 
and mineral resources, recently approved lease agreements for two offshore wind farms. In 
October 2005, Texas became the first State to enter a lease agreement with a private developer 
for testing and construction of an offshore wind facility.24 The 2005 agreement leased some 
11,355 acres of State waters for a planned 150-MW wind facility off of Galveston Island. It 
remains to be seen whether or not this venture will prove economically viable. 
 

(7) California, Oregon, and Washington 
The Governors of California, Oregon, and Washington have joined the West Coast Governors’ 
Agreement on Ocean Health, which was announced on September 18, 2006. The Agreement 
launched a new, proactive regional collaboration to protect and manage the ocean and coastal 
resources along the entire west coast, as called for in the recommendations of the United States 
Commission on Ocean Policy and the Pew Oceans Commission. One element of the action plan 
developed under the Agreement concerns new, environmentally sustainable energy production. 
While offshore renewable energy could provide new, reliable sources of energy for the west 
coast, the feasibility and environmental impacts of these technologies are not yet fully 
understood. The west coast States have agreed to collaborate with the MMS, DOE, FERC, 
NOAA, and other Agencies, organizations, and industry, to evaluate the potential benefits and 
impacts of renewable ocean energy projects off the west coast, as well as develop the long term 
regulatory structure for removal or expansion of activities. The MMS and the State of Oregon 
are co-leads for the West Coast Governors’ Agreement on Ocean Health Renewable Ocean 
Energy action coordination team. 
 
All of these States have established RPSs, and all have substantial wind and wave resources off 
their coasts.  Currently, there are seven wave projects proposed off California, six wave 
projects proposed off Oregon, and two wave projects off Washington (one already licensed by 
FERC and the other proposed).  The State of Oregon has entered into a Memorandum of 
Agreement (MOA) with FERC to coordinate procedures and schedules for review of wave 
energy projects in State waters, and the State of Washington is in the process of developing a 
similar MOA with FERC.  Off Oregon, there are plans for phased development of a 150-MW 
floating offshore wind facility on the OCS to provide power to the Tillamook People’s Utility 
District. 
 

2. Federal Agency Initiatives 
Federal agencies must comply with EPAct mandates for increased reliance on renewable 
energy sources for their needs.  The United States Navy has expressed to MMS an interest in 
setting aside an area off the coast of Virginia for a potential wind energy facility, and 

                                                 
 
 
24 See press release at http://www.glo.state.tx.us/news/archive/2005/jpgs/Offshore-FINAL-PR-10-24-05.pdf ; 
accessed November 1, 2006. 

http://www.glo.state.tx.us/news/archive/2005/jpgs/Offshore-FINAL-PR-10-24-05.pdf
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Vandenberg Air Force Base has informally discussed plans to receive power from a wave 
facility associated with an existing OCS oil and gas platform located off southern California.    
The MMS intends to move forward with its mission regarding development of renewable 
energy resources in association with various stakeholder groups, new state and federal task 
forces, and other established working groups, including the U.S. Offshore Wind Collaborative. 
On March 11, 2009, Interior Secretary Ken Salazar issued an order for the Department to 
increase its focus on the production, development, and transmission of electricity created from 
renewable sources.  The directive also creates an energy and climate change task force that will 
identify specific zones on public land where the DOI can facilitate large-scale renewable 
energy projects quickly. 

E. Filling Information Gaps with Additional Studies and Research 

1. Efforts to Identify Information Needs 
Early steps in developing an environmental studies program to support OCS renewable energy, 
in 2006 the MMS sponsored a Worldwide Synthesis and Analysis of Existing Information 
Regarding Environmental Effects of Alternative Energy Uses on the Outer Continental Shelf 
(Michel et al., 2007) and a Workshop to Identify Alternative Environmental Information Needs 
(Michel and Burkhard, 2007). The MMS also cosponsored a workshop in Oregon, Ecological 
Effects of Wave Energy Development in the Pacific Northwest (Oregon State University, 
2007),25 in October 2007, and a workshop at the National Conservation Training Center on 
Birds and Offshore Wind Development in the Northeast/Mid-Atlantic in 2008.26  
 
The objectives of the worldwide synthesis—the first MMS renewable energy study—were to 
identify, collect, evaluate, and synthesize existing information on offshore renewable energy 
activities for the following topics: 
 

• Current offshore energy technologies and future trends; 

• How public acceptance of existing projects was or was not achieved; 

• Potential direct, indirect, and cumulative environmental impacts of offshore energy 
technologies; 

• Previously used mitigation measures that could avoid, minimize, rectify, eliminate, or 
compensate for environmental impacts; 

• Current physical and numerical models designed to determine environmental impacts; 
and 

• Information needs to address gaps in our current understanding of environmental 
impacts. 

                                                 
 
 
25 See http://hmsc.oregonstate.edu/waveenergy/  
26 See http://www.mms.gov/offshore/AlternativeEnergy/WorkshopBirdsOffshoreWindDevelopment.htm  

http://hmsc.oregonstate.edu/waveenergy/
http://www.mms.gov/offshore/AlternativeEnergy/WorkshopBirdsOffshoreWindDevelopment.htm
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The identified information needs for each resource (wind, wave, and current power) are 
comprehensive, and they covered a wide range of types of studies and priorities which can be 
divided into the following five general categories: 
 

• Detailed data on the distribution and life history for key species in each regional 
ecosystem; environmental assessments for specific projects need more detailed data on 
benthic habitats, and multiyear studies of seasonal abundance and distribution of key 
species. 

• Development of uniform field data collection methods for baseline studies and post-
construction monitoring surveys to improve the confidence of impact detection; study 
of highly mobile species in offshore areas is particularly difficult, requiring new 
approaches and technologies. 

• Focused laboratory studies to determine thresholds for potential effects resulting from 
exposure to the types and levels of sound and electromagnetic fields (EMFs) likely to be 
generated by different types of renewable energy devices in full-scale installations. 

• Development of protocols for field studies on potential effects from exposure to sound, 
EMFs, and obstructions on the behavior and survival of key species of each resource of 
concern. 

• Development of guidelines to set acceptable limits of direct, indirect, and cumulative 
impacts resulting from the installation and operation of offshore renewable energy 
projects; guidelines are needed for all types of potential impacts such as changes to the 
hydrodynamic climate, erosion of adjacent shorelines, habitat loss and alteration, 
avoidance and attraction behavior, mortality, aesthetics, and lost use. 

 
As a follow-up to the report, the MMS held a workshop, “Workshop to Identify Alternative 
Energy Environmental Information Needs,” in June 2007 (see Michel and Burkhard, 2007). 
The workshop was an important step for the MMS to communicate and develop a collaborative 
relationship with other Federal Agencies, affected State and local groups, and industry. 
National and international experts in the field of offshore renewable energy development and 
marine environmental resources (i.e., academia or representatives from countries or States 
where development is already occurring) were invited to share their expertise, to identify data 
needs, and to outline potential studies for the MMS Environmental Studies Program and its 
partners. The workshop began with ten technical presentations by national and international 
experts covering the state of wind and wave technologies, future trends, environmental 
concerns, and lessons learned. Four breakout groups were formed (Aquatic Resources; Flying 
Animals; Physical Oceanography /Air Quality; Social Sciences and Economics) to develop a 
list of critical information needs and provide supporting detailed information for the most 
important research priorities.  To see a complete summary of the synthesis report and 
workshop, please see http://www.mms.gov/eppd/sciences/mmsaeworkshop.htm.  
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2. Filling Information Gaps 
a.  Collaborative Efforts 

Recently, the MMS joined efforts with the DOE and the FERC on a 3-year collaborative 
international study to identify the environmental impacts of marine hydrokinetic devices (ocean 
wave, ocean current, and tidal). The collaborative effort is part of the International Energy 
Agency’s (IEA) Ocean Energy Systems (OES) Implementing Agreement,27 which aims to 
facilitate and coordinate ocean energy research, development and demonstration through 
international cooperation and information exchange. This effort will culminate in a publicly 
accessible and searchable database and a comprehensive summary report that will be published 
by the IEA-OES.  The report will provide critical analysis on monitoring efforts and mitigation, 
and provide guidance to international ocean energy stakeholders including policymakers, 
developers, regulators, agencies, academic institutions, and research organizations.  Greater 
understanding of the environmental effects and monitoring methods related to ocean energy 
will enable better decision making and help to advance ocean energy technology. 
 
As the MMS moves forward with commercial leasing for renewable energy projects on the 
OCS, MMS will continue its outreach efforts and utilize the close partnerships and 
collaborative opportunities that exist among the Federal, State, and local government entities. 
These opportunities could include government research programs and initiatives, interagency 
groups or committees, regional and local task forces, and partnerships with universities or 
industry. As additional data is collected over the next few years, site-specific surveys and 
research are completed, and projects are approved, construction and operations will begin to 
commence. Collaborative efforts with the NOAA, U.S. Fish and Wildlife Service, United 
States Geological Survey, U.S. National Park Service, DOE, and others offer an opportunity to 
share critical information, and agency expertise, and to foster better communication between 
different arms of the Federal Government as these new and exciting opportunities are realized.  
 

b.  MMS Agency Research Programs 
The MMS uses two primary mechanisms for filling critical information needs with regard to 
offshore renewable energy development and its affect on the marine and human environment—
the MMS Environmental Studies Program (ESP) and the Technology Assessment and Research 
Studies (TA&R) Branch. The history and objectives of each are discussed in Section III. Each 
program’s renewable energy initiatives and efforts are highlighted briefly below. 
 

(1) Environmental Studies Program 
Over the years, the scope of the ESP has broadened to support non-energy mineral 
development on the OCS, and most recently, renewable energy development on the OCS.  To 
date the ESP has funded over $840 million in research on a variety of topics. With the passage 
of the Energy Policy Act of 2005, the ESP has begun to initiate studies specifically to help fill 
information gaps regarding the offshore renewables (Figure I-22).   
                                                 
 
 
27 See http://www.iea-oceans.org/  
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Figure I-22.  MMS Environmental Studies Program —Offshore Research Serves Many Customers 
 
In the next few years, the MMS anticipates regulating a number of activities related to offshore 
renewable energy development, including site characterization, facility construction, operation, 
monitoring, and decommissioning.  Prior to approval of any of these activities, the MMS needs 
baseline environmental information about the lease areas to evaluate the potential impacts of 
these activities on the marine and human environment.  The timely acquisition of 
environmental information is crucial to issuing leases on the Atlantic, Pacific and Gulf of 
Mexico coasts.  Given that these areas are considered frontier areas for renewable energy 
development, numerous baseline and issue-specific studies are required and will take a 
substantial amount of time (2-3 years) to complete.  Without sound science for decision-
making, opportunities for renewable energy development could be hindered or delayed.   
 
In support of the MMS Offshore Renewable Energy Program, the ESP prepared a “studies 
development plan” that identifies environmental information gaps based on projected renewable 
energy activities on the OCS.  This plan builds on information collected through earlier work, 
including consideration of recommendations from the “Worldwide Synthesis and Analysis of 
Existing Information Regarding Environmental Effects of Alternative Energy Uses on the Outer 
Continental Shelf” (Michel et al., 2007) and the “Workshop to Identify Alternative Environmental 
Information Needs” (Michel and Burkhard, 2007). Importantly, the MMS Environmental Studies 
Program planning process utilizes an integrated approach for identifying research to address the 
environmental consequences of the many possible energy and mineral development activities on 
the OCS.  This broad multi-use planning process serves the needs of many while conducting 
applied research to address specific resource management questions.  For a detailed list of 
anticipated studies through FY2011, please see the Alternative Energy Studies Development Plan, 
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http://www.mms.gov/offshore/AlternativeEnergy/Assets/PDFs/AE_SDP_2009_2011_FINAL.pdf. 
Currently, funds are being used to undertake research to address diverse environmental issues in 
the areas where renewable energy activities are initially expected to occur. The following lists 
MMS ESP ongoing research in support of renewable energy on the OCS: 
 

1. Meteorological and Wave Measurements for Improving Meteorological and Air Quality 
Modeling  

2. Evaluation of Visual Impacts on Historic Properties  
3. Energy Market and Infrastructure Information for Evaluating Alternative Energy 

Projects for OCS Atlantic and Pacific Regions 
4. Update of Summary of Knowledge: Selected Areas of the Pacific Coast  
5. Compendium of Avian Information and Comprehensive GIS Geodatabase  
6. Effects of Pile Driving Sounds on Auditory and Non-auditory Tissues of Fish  
7. Potential for Interactions between Endangered and Candidate Bird Species with Wind 

Facility Operations on the Atlantic OCS 
8. North and Central Atlantic Information Resources:  Data Search and Literature 

Synthesis  
9. Workshop on the Status of Passive Acoustic Monitoring  
10. Effects of EMF From Transmission Lines on Elasmobranchs and other Marine Species 
11. Surveying for Marine Birds in the Northwest Atlantic 

   

(2) Technology Assessment and Research Studies 

In addition to conducting environmental studies, technology-specific research efforts will help 
to identify the most critical knowledge gaps and help to find ways to overcome existing 
technical challenges. These are especially needed as the offshore renewable energy industries 
continue to mature. Funds dedicated to the TA&R Program are used for technological and 
engineering studies to ensure safety of operations and protection of the environment. Current 
TA&R Program efforts that focus on renewable energy can be viewed at 
http://www.mms.gov/tarprojectcategories/AlternativeEnergy.htm.  They include: 
 

1. Comparative Study of Offshore Wind Turbine Generators Standards  
2. Assess/Develop Inspection Methodologies for Offshore Wind Turbine Facilities  
3. Assess the Design/Inspection Criteria/Standards for Wave and/or Current Energy 

Generating Devices  
4. Assess the Design and Inspection Criteria and Standards for Wave and Current 

Energy Generating Devices  
5. Wind Farm/Turbine Accidents and the Applicability to Risks to Personnel and 

Property on the OCS, and Design Standards to Ensure Structural 
Safety/Reliability/Survivability of Offshore Wind Farms on the OCS 

 
Recently, the TA&R Program completed an initial review of various structural design standards 
for offshore wind facilities to determine their applicability to operations on the OCS.  The 
TA&R Program is continuing this effort by studying the adverse operational incidents that have 
occurred on worldwide wind facilities in an attempt to determine general trends and potential 
mitigation methods.  The TA&R Program also is in the process of awarding a project that will 
study the potential mitigation of underwater noise during pile-driving activities.  This is 
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important because the most common structural support for the wind turbines, a monopile, 
requires extensive use of pile driving equipment.  The TA&R Program is collaborating with 
research institutions and industry on testing wave and current energy systems as well at the 
MMS Ohmsett testing facility in New Jersey.28 Ohmsett is the world’s largest tow/wave tank 
and is designed to evaluate the performance of meso-scale sized equipment under realistic but 
safe environmental conditions. Results are being utilized to establish basic design standards to 
ensure the safety of wave, current, and tidal energy conversion devices. 
 
Branching further into renewable energy, the TA&R Program began initial work in determining 
the state of the art in ocean wave and current energy conversion technology, identifying 
existing design standards that might be applicable, and determining whether information gaps 
exist that will require new standards or inspection methodologies to be developed.  For 
example, Free Flow Energy, Inc, under contract to MMS, recently completed a survey of 
recommended practices and standards for the design and inspection of wave and current energy 
conversion devices.  As part of their research, they reviewed U.S. patents and found that 
although there has been an attempt to harness marine hydrokinetic power since the mid-1800’s, 
the industry is still "nascent" with uncertainties in technological development and large-scale 
feasibility.  The study also contrasts “site developers” to “technology developers,” noting that 
while technology developers may be pursuing site development as a means of marketing their 
technology, some site developers with little or no technological know-how often boast 
unproven technologies as a means of gaining public interest in their site proposals.  The study 
outlines a need for industry-specific standards with an established industry consensus, as 
significant gaps do exist in the various components, materials, and/or functions of these 
potential devices.  
 

                                                 
 
 
28 See http://www.ohmsett.com/  




