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Why Renewables? @; ENERGY
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A Carbon reduction and
climate change

A Energy security and
diversifying the domestic
portfolio

A Clean energy and public
health

A Reduction in water use

A Regional economic
development and jobs
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Marine Renewable Energy Sources fﬁ ENERGY
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A Wave energy

A Ocean current

A Tidal currents

A Offshore wind in shallow water

A QOffshore wind energy in
deepwater

A Ocean Thermal Power Conversion
(OTEC)

A Salinity gradient

A Marine biomass
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Electric Potential Estimates

Terawatt-hrs/year
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Offshore Wind
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Why Offshore Wind? 19/ ENERGY
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28 coastal states use 78% of the electricity in US

Many coastal load centers are difficult to serve by land-
based renewable resources

Renewable energy goals cannot be achieved without
offshore contributions

Population Density of the Counterminous United States

US Population Concentration U.S. Wind Resource

J 2 Offshone Wind Resource Estimates
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U.S. Wind Resource Potential at 50 m ‘{_@ ENERGY
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Wind Power Classification

Wind Resource  Wind Power  Wind Speed® Wind Speed® P
Power Potential Densjtyat 50 m at 50 m at50m aalall
Class Wim? mis mph This map shows the wind resource data used by the WinDS B

— o sxdg R model for the 20% Wind Scenario. Itis a combination of

&l ® - L = high resolution and low resclution datasets produced by
4 Oxo . o L - NREL and other organizations. The data was screened to
7 Superb 800 - 1600 8.8-11.1 19.7-24.8 use or environmental issues. In many states, the wind
a based resource on this map is visually enhanced to better show the U.S. Department of Energy

WK apes wy e Welbil kvelow ol 2.0 distribution on ridge crests and other features. National Renewable Energy Laboratory

D0t 1.11]




ﬁn\ U.S. DEPARTMENT OF
|=-"

Offshore Wind Benefits 1@ ENERGY
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A Better wind resources
e Reduced turbulence — steadier wind
e Higher mean wind speed

A Aesthetics — Visual concerns
will be less objectionable at
greater distances.

A Increased transmission options
e Proximity to high value load centers
e Access to less heavily loaded lines

A Avoid constraints on turbine size P R A e

e Larger machines may be more
economical.
e Shipping — onshore roadway limits

e Erection — onshore crane limits




Land-based Shallow Transitional Deepwater

Water Depth Floating
y- %
_,ﬁj--, = i i
,g?f”?é‘%::ﬁ::r. :

Offshore

Technology -




@) ENERGY

A

?.‘-'"-:r"'% U.5. DEPARTMENT OF

Resource is Abundant {
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With no exclusions, the US offshore potential is 2500-GW
One of the largest potential renewable-electric energy sources

Region
Mew England
Mid Atlantic
/'S, Atlantic Bight
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Pacific Morthwest
Great Lakes
Gulf of Mexico
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Potential Electricity Supply from Shallow 0ffshore Wind hy State
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Projects and Initiatives Proposed 1@/ ENERGY
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No U.S. Offshore Wind Projects Installed

US Offshore Wind Initiatives

Project State

Capewind MA 420 ‘\\\\
Hull Municipal
Hull Municipal MA 15 Buzzards Bay
i a \\ Cape Wind Associates

Buzzards Bay MA 300 \\ \\Ffv?r?greg{/s'and

\ New Jersey
Block Island (DeepWater ﬁ
Wmd) RI 400 Cuyahoga County Delaware
Winergy NY 10 Atlantic
New Jersey (BPU) NJ 350 Ocean
Delmarva DE <600 |
Southern Company GA 10 ~
W.E.S.T. X 150 Southern Company
Cuyahoga County OH 20 | Project in Federal

Waters
Gulf of Mexico
Total MW 2275 Project in State Waters
W.E.S.T.LLC
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Presentation Notes
Outlook for US offshore projects is very good

Most projects have are progressing and are awaiting maturity of the regulatory rules and the availability of wind turbine partners willing to manufacture offshore machines for the US market.  
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The 20% Wind Energy Scenario {2 ENERGY
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A U.S. electricity consumption will grow
39% from 2005 to 2030 -- to 5.8 hillion
MWh (Source: EIA)

A No major breakthroughs in technology
needed

A 20% electricity would require 300 GW
(300,000 MW) of wind

A Affordable, accessible wind resources
available across the nation

A Cost to integrate wind modest

A Emissions reductions and water
savings

A Transmission a challenge

A Environmental risks and human
dimensions
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Considerations in the 20% Wind Scenario

Wind resources of varying quality exist across the United States and offshore.

Although land-based resources are less expensive to capture, they are sometimes far from demand centers.

Typically, wind power must be integrated into the electric grid with other generation sources.

Technology and power market innovations would make it easier to handle a variable energy resource such as wind.

New transmission lines would be required to connect new wind power sources to demand centers.

Transmission costs add to the cost of delivered wind energy costs, but today’s U.S. grid requires significant upgrading and expansion under almost any scenario.

Wind installations will require significant amounts of land, although actual tower footprints are relatively small.

Domestic manufacturing capacity might not be sufficient to accommodate near-term rapid growth in U.S. wind generation capacity; the gap may be filled by other countries. 
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DOE’s 20% Wind Scenario: @,« ENERGY

54 GW Offshore Wind Energy Efficiency &

Renewable Energy

300
250
200
Installed Capacity as of
150 August 2008 = 20,000 MW

100

50

Cumulative Installed Capacity (GW)

2000 2006 2012 2018 2024 2030

m Offshore mLand-based
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Presentation Notes
In total, an addition of 293 GW would need to be added to early 2007 levels to reach 305GW by 2030.  Of that 293 GW, 50GW of offshore wind energy would be needed, mostly along the northeastern and southeastern coasts.
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20% Scenario: Shallow Offshore @j ENERGY
InSta”ed CapaCIty Energy Efficiency &

Renewable Energy

20% Installed
Capacity (GW)

DE 0.66
MA 7.53
MD 1.27
ME 2.01
NC 10.44

State

NN 9.85

NY 2.69

RI 0.97

SC 3.13

7 6.57 | Includes offshore wind.
Total 45.12 GW
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Presentation Notes
The wind turbines required to supply 20% of the nation’s electricity, about 300 GW, would be broadly distributed across the continental U.S. with at least 100 MW installed in 46 states (Hawaii and Alaska were not represented in this study at all, but both states are expected to install over 100 MW of wind capacity.).  The WinDS model uses the best available assessment of local wind resource to expand wind technology capacity.  Limitations of the wind resource input data which could significantly affect the wind technology capacity installed in a given state are discussed in Appendix B.  In addition to wind resource, other factors related to the model logic can influence the amount of wind capacity installed in a given state.  For instance currently existing long-term power purchase agreements are not implemented in WinDS.  The model assumes that local load is met by the generation technologies in a given region.  The lack of wind capacity installed in Ohio is related to the assumption that the existing generation technology in the state provides energy to the local loads, thus reducing the need for additional generation capacity such as wind.  The wind resource in Ohio is sufficient to support wind technology development.  



Other states such as Louisiana, Mississippi, and Alabama have lower quality wind resources than Ohio, but under the right economic circumstances it is conceivable that some wind energy development could occur in those states.  The WinDS model optimizes the installation of wind energy capacity within each of the three, large, interconnect areas.  However, the model does show that broad geographic distribution of wind energy capacity serves to meet the broadly distributed national electricity load.  

Footnote: Based on the perspectives of industry experts and near-term wind development plans, wind capacity in Ohio was modified and offshore wind development in Texas was included. 




Marine Hydrokinetic Energy
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Ocean Wave Energy Distribution 4
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Chmatic Reglons and
Ccean Currents
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U.S. Marine Hydrokinetic Energy 3,@, ENERGY

Resource Production Potential Energy Efficiency &

Renewable Energy

Hydrokinetic Production Potential (TWh/yr)

Tidal Current 17

River
Current
110

QOcean

Current
50
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Two Basic Forms of Marine .2, ENERGY

Hydrokinetic Energy Energy Effiency &

Renewable Energy

CURRENTS

« Activating force flows in same
direction for at least a few hours

e Tidal, river, and ocean variants

o Conversion technology is some
sort of submerged turbine

WAVES

o Activating force reverses
direction every 5 to 20 seconds

o Conversion technology can be
floating or submerged, with a
wide variety of devices still being
iInvented and developed




US Marine Hydrokinetic Energy

Resource Issues

Resource estimates are incomplete
High uncertainty
Extraction limits are preliminary and unproven.

Energy extraction dependent on device type,
environment, and regional demand.

Much work 1s needed to establish contribution
to national energy strategy.

A Maximum potential approximately equal to
conventional hydro (EPRI)

> > >

>
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Wave Energy Devices Are Highly Diverse .

Energy Efficiency &
Renewable Energy

Floating Floating
Point Absorber Attenuator

&= (AquaBuOY) (Pelamis)

Oscillating Water Column
Terminator (Oceanlinx)

Floating Overtopping
Terminator (Wave Dragon)
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Presentation Notes
It is important to understand the technology and its footprint


FERC Hydrokinetic Projects and MMS Alternative Energy Projects in the U.S.

FERC Hydrokinetic Projects
Braen = lesvad Lizensss (1)
Walleny = lssuad Prelminary Permis (113)
Red — Pending Preliminary Permite (§1)

MMS Alternative Energy Projects
Cape Wind Energy Project

e 7 MMS Proposed Lease Areas for Wind
dd Yormms Proposed Lease Areas for Ocean Current
'ﬂ{MMS Proposed Lease Areas for Ocean Wave

U.S. Exclusive Economic Zone

4 Southeast: 125 Project

,'_ Countrywde 205 Projects

Produced by NOAA Fisheries Office of Habitat Conservation, Information accurate as of August 14, 2008, For referance purposes only.



Coastal Zone Impacts
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Selected Offshore Wind Energy {_@} ENERGY
Environmental Documents from the U.S. Energy Efficiency &

Project Name Organization  Environmental Documentation

Cape Wind Draft EIS

Cape Wind MMS
P ! January 2008

Notice of Intent to Prepare
Long Island Power Authority MMS June 2006
Never completed

Blue Ribbon Panel on Development of Wind

New Jersey NJBPU Turbine Facilities in Coastal Waters Final
Report
Proposed Rule: Alternative Energy Environmental Assessment of Proposed
and Alternate Use of Existing Facilities on MMS Rule
the Outer Continental Shelf July 2008
Programmatic Environmental Impact
Statement
National Program MMS November 2007

Record of Decision
January 2008
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Selected Marine Hydrokinetic Energy @} ENERGY

I Energy Effici &
Environmental Documents from U.S. Energy Efiiency
Project Name Organization  Environmental Documentation
Qe Environmental Assessment
Kaneohe, Hi Department of the Navy
: January 2003
Ocean Power Technologies
Makah Bay, WA Draft EA
Finavera FERC October 2006
Studies ongoing during test phase;
Verdant Power Verdant g ¢ .g i .
To be released in FERC license application
Proposed Rule: Alternative Energy and Environmental Assessment of Proposed
Alternate Use of Existing Facilities on the MMS Rule
Outer Continental Shelf July 2008
Programmatic Environmental Impact
Statement
National Program MMS November 2007
Record of Decision
January 2008
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HI: 

No sig. impacts on marine biota

No sig. impacts on public safety or l& use

No cumulative impacts

Growth of benthic organisms



WA: 

Growth of benthic organisms

Minor impacts to marine life (when proper mitigation)



National: 

Ocean currents & movements: Could be observed in larger facilities

Noise: during construction & operation- minor impacts overall

Marine Mammals & some diving birds: moderate to major

Sea Turtles- minor to moderate

Fisheries- possible moderate

Non-routine conditions: possible major




Potential Environmental Risks

A Seabed sediments

A Marine and coastal processes
A Seabed contamination

A Water quality

Y o Y

Source: 11, 12 Photo Courtesy: NOAA
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Potential Environmental Risks {2) ENERGY
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A Protected sites and species
A Benthic ecology

A Fish and shellfish/ Fisheries
A Marine birds

A Marine mammals

Source: 11, 12



??"-?1"'% U.5. DEPARTMENT OF

Potential Project Risks 1@/ ENERGY

Energy Efficiency &
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F
ower 5 MW

A Cables and pipelines Bl scomntonsea
A Military activities & B
A Radar security screening
A Disposal areas

A Electronic and magnetic
fields

A Onshore grid connection #/£ =il
A Noise and vibrations
A Decommissioning

Source: 11, 12



Source: 11, 12
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Community and Human Dimensions .2, ENERGY

Energy Efficiency &
Renewable Energy

Worker health and safety

Integrity of coastal
communities

Tourism and recreation
Aesthetics
Cultural/historic views
Property values
Fisheries

Shipping and navigation

Local community and
Involvement



Visual Effects {®) ENERGY
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Pre-visualization of the
Horns Rev wind farm
from Blavands Huk
(above) and actual
post-construction
photograph from
Blavands Huk (below)

(Credit: DONG Energy)
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DOE State and Regional Activities @; ENERGY
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A Core funding for initiation of the Offshore Wind
Collaborative

A Proposal review in competitive solicitations (Rl and NJ)
A IEA Wind and Ocean Energy Annexes

A Marine Hydrokinetic R&D funding:

e Verdant Power Inc. (New York, N.Y.) Improved structure and
fabrication of large, high-power kinetic hydropower systems
rotors for tidal turbines.

e Concepts ETI, Inc (White River Junction, Vt.) Development

and demonstration of an Ocean Wave Converter (OWC) Power
System.

e Lockheed Martin Corporation (Manassas, Va.) Advanced
Composite Ocean Thermal Energy Conversion (OTEC) cold
water pipe project.

e PCCI, Inc. (Alexandria, Va.) Identification of potential
navigational impacts and mitigation measures to provide
Improved guidance to help developers understand how marine
and hydrokinetic devices can be sited to minimize navigational
Impact and to expedite the U.S. Coast Guard review process.
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Thank you! x@; ENERGY

Ene ngﬁmer cy B
Renewable Energy

Questions?

Steve Lindenberg
Department of Energy
steve.lindenberg@ee.doe.gov
202-586-2783
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Resource References {@; ENERGY

Energy Efficiency &
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Wave Energy Resources

Available at www.epri.com/oceanenergy/

1. EPRIWP- 001, 003 and 006 reports

2. New England — “Southern New England Wave Energy resource Potential” March 2001, George Hagerman

3.  North Carolina: “Wave Energy Resource and Technology Assessment for Coastal North Carolina” 1988, George
Hagerman

4. Hawaii: “Wave Energy Resource and Economic Assessment for the State of Hawaii” June 1992, George Hagerman

5. California: California Small Hydropower and Ocean Wave Energy Resources” May 2005, Mike Kane, Asfaw
Beyenne, Mirko Previsic

Tidal Current Energy Resources

Available at www.epri.com/oceanenergy/

6. EPRITP- 001 Resource Estimation Methodology Report
7. EPRI TP- 003 Site Survey Reports

8. EPRI TP- 006 Feasibility Study Reports

Ocean Current

9. Coriolis Program: A Review of the Status of the Ocean Turbine Energy System” Lissaman & Rackey,
AeroVironment, 1979

River Current

10. “Allocation of Kinetic Hydro Energy Conversion Systems (KHECS) in USA Drainage Basins”, Miller et al. NYU,
NYUDAS 86-151, Aug 1986

Offshore Wind

11. Faber Maunsell and Metoc PLC. 2007. Scottish Marine Renewables. Strategic Environmental Assessment:
Environmental Report. http://www.seaenergyscotland.co.uk

12. EMEC. 2005. Environmental Impact Assessment (EIA): Guidance for Developers at the European Marine Energy
Centre. http://www.emec.org.uk.

13. DOE. 2008. 20% Wind Energy by 2030: Increasing Wind Energy’s Contribution to U.S. Electricity Supply.
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Reference Continued

Slide 4: Assumptions

U.S. electric consumption based on 2005 EIA
statistics.

Class 5 wind or better; depths between 30-m
and 900-m included; 60% exclusions; HI and
AK not included; 0-50nm from shore; 45%
Cap factor; Source: NREL.

Class 5 wind or better; depths between 0-m
and 30-m; included; 60% exclusions; HIl and
AK not included; 0-50nm from shore; 45%
cap factor; Source NREL.

15% of incident wave energy; 20% conversion
losses; AK and HI Included; Wave climate
10kW/m or better; Source EPRI.

Estimated from aggregate siting studies; 15%
extraction permitted; In stream river kinetic
estimated by EPRI.

Estimated from Coriolis Study, Aquantis, and
FAU; Miami/Gulf Stream region only, 57%
capacity factor; 10-GW rated capacity.

OTEC, salinity gradient, marine biomass not
evaluated.

# % U.5. DEPARTMENT OF

{2/ ENERGY

Energy Efficiency &
Renewable Energy

Slide 19: Assumptions

Ocean Wave - 15% of incident wave energy;
20% conversion losses; AK and HI Included:;
Wave climate 10kW/m or better.

Tidal Current estimated from aggregate siting
studies; 15% extraction permitted; Incomplete.

River Current estimated in 1986 NYU study;
EPRI has estimated a few specific sites.

Ocean Current estimated from Coriolis Study
and by Aquantis; Miami/Gulf Stream region
only, 57% capacity factor; 10 GW rated capacity.
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