Advancing American
Offshore Wind

Research

September 20, 2016

Hyatt Regency Washington on Capitol Hill
Washington, DC

Tufts



Presentations by Key
Agencies

Tufts



Presentations by Key
Agencies

Tufts



U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

. sl

= S
gy 1 ==

: — g |
\‘K (I B
= ‘Nl I 1- o =

Jose Zayas, Director

wid ENERY TebhIdeied\Office

September 20, 2016

5h9Qa hFTFaKz2NB



Wind Energy Program

Energy Efficiency &

Ove rV|eW EN ERGY Renewable Energy

Wind Energy Major Programmatic Goals and Endpoint Targets

The Wind Energy Program aims to accelerate widespread U.S. deployment of clean,
affordable, reliable, and domestic wind power to promote national security, economic gr
and environmental qualityProgram RDD&D activities are applicableitibty -scale landand
offshore windmarkets, as well agistributed turbinest typically interconnected on the
distribution grid at or near the point of endse. Achieving LCOE goals will support
deployment of wind at high penetration levels, sufficient to meet up to 20% of projected Ug
electricity demand in 2030, and up to 35% in 2050, comparedd® of demand in 2015 '

Wind Energy Programmatic Impact

A Optimize wind plant cost of energy reducticthrough complex aerodynamics R&D,
advanced component development, wind plant reliability improvement and
resource characterization

A Establish a competitive U.S. offshore wind industhrough offshore
system development and demonstration

A Optimize grid integration and transmissicfor wind systems through
integration studies and operational forecasting tool development

A Eliminate and reduce market barrietiirough accelerated siting and deployment strategie!

Wind Energy 2017 Targets Towards Programmatic Goals

A Reduce the unsubsidized market LCOEIfitity -scale land wincenergy systems from a
reference wind cost of $.074/kWh in 2012 to $.057/kwWh by 2020 and $.042/kWh by 2030*

A Reduce the unsubsidized market LCOBfimhore fixec-bottom wind energy systems from
a reference of $.20/kWh in 2010 to $.167/kWh by 2020 and $.136/kWh by 2030*

* For Programmatic purposes, all costs are reported at a 7% discount rate.
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Historic Investments in Offshore Wind

DOE Funding since 2009

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Three Major Focus Areas

Technology
Development

World-
Class Tes|
Facilities

FOA 112

(FY09)
Clemson
15 MW
Dynamometer

Massachusetts
Large Blade Tegt
Facility
(to 90m)

$70M

Next
Generation
Drivetrain
R&D

FOA 439

(FY11)

Aggressively
Targets Key
Cost
Components

$7.5M

Developing
Innovative
Technology

FOA 415
(FY11)

Computational
Tools

«

Turbine Design

Marine Systemsg
Engineering

$26.5M

Market Barrier
Removal

Removing
Market
Barriers

FOA 414

(FY11)
Siting and
Permitting

Infrastructure
Studies

Resource
Planning

$16.5M

Advanced
Technology
Demonstration

Partnerships witl

Demo
Projects

FOA 410
(FY1218)

Advanced
Technology
Deployed on
Demonstration
Scale

50% Cost Shar¢

$168M

eere.energy.gov
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Historic Investments In Offshore Wind .. coceweror

Energy Efficiency &

Key Milestones ENERGY | rencwable Energy

R T = A

" OFFSHORE

Wind Strategy:
Creating an
Qttshars

Demonstration

National OSW Strategy Projects Initiated
(2011)

L National Offshore
DOE Lidar Buoys Wind Strategy (2016)

| | | >
. 2015 Tomorrow
Wind Vision
Report

Wind Vision:

A NeWw Era for Wind Power.
5 in the United States

ARRA Funding of
Test Facilities

Technology and
Market Barrier
Funding Opportunities

Deployment of
UMaineVolturnUS
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Cu rre nt ACtiViti eS U.S. DEPARTMENT OF | Energy EﬁlClency &

Renewable Energy

Offshore Wind Demonstration Projects ENERGY

DOE seeks to demonstrate offshore wind
innovations at multimegawatt scale to reduce the
cost of energy and address regional challenges and}|

opportunities, expediting development of the US  §
offshore wind industry ($68M)

The three selected projects, are all demonstrating
unique innovationsaimed at lowering the cost of
energy.
ACAEAKSNYSYyQa 9ySNHE o0bSg WSNESEL
T Twisted jacket foundation
T Demonstration ofvake effects and steering

3
=
i
Z.
—_—

Lake Ere Ereryy Developmeat Corparation ‘,
4

A University of Maine
T Floating concrete semisubmersible
A LEEDCo

T Monobucket(monopile with suction bucket) to
resist surface ice conditionsf the Great Lakes

e
5

Potential for Collaboration/Data Sharing
A Highly instrumented platforms ) psmen

foundation

A Project cost data @ Fesno

foundation
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Offshore Wind Energy

Energy Efficiency &

FY 2017 Pr|0r|t|es ENERGY | rencwable Energy

Offshore Wind R&D Consortium

A FOA to jump start the U.S. offshore wind industry by means of a joint industry project (JIP) with industry.
academia, and national laboratories to accelerate fundamental R&D targeted atpg&fic offshore wind
technology barriers, including:
T Advanced substructure technologp address unique U.S. site conditions, e.g. deep water, and operatil

and extreme conditions

Technology to enable reduction pfstallationO2 & 0 | Y R NIELAQ, ali>dzNDHIAI/AS aW Fi-f yAR

Technology that enables less-site O&M intervention, e.g. prognostic health monitoring

Design standards developmeifor the extreme marine conditions unique to U.S. waters

T Technologies to address turbiterbine wake interaction

- -

Offshore Wind Demonstration Projects
A Continue sixth year of FY 2012 Offshore Wind Advanced Technolog
Demonstration Project FOA, to support the establishment of a
competitive U.S. offshore wind industry through the development

and demonstration ofnnovative offshore wind technologies with
the potential to lower the costof offshore wind energy in the U.S.

Offshore Wind Plant Optimizatiolg Atmosphere to electrons (A2e) ==
A Improve the performance and reliability obxt-3 Sy SNJ (A 2 v
g Ay R¢ bylhvestigating systerdsvel interactions influenced
by atmospheric conditions and turbirtarbine wake interactions.

Offshore Wind Market Acceleration and Deployment
A Development of technologies fononitoring wind-wildlife interactionsin the offshore wind space and
iInformation aggregation and disseminatiothrough the Tethys database and international WREN initiative

9 | Energy Efficiency & Renewable Energy eere.energy.gov



National Offshore Wind Strategy
DOEDOI Collabora'“on ENERGY Renewable Energy

Energy Efficiency &

A Five yeadual-agency updateof the 2011
Strategy published in September 2016

A Reflecting on the implementation and s
outcomes of the 2011 Strategy %FIESDHORE

A Building upon thanind Visionroadmap A
and stated benefits of offshore wind o

in the United States

A Utilize and reflect on industry feedback
through DOE Request for Information (July

WmpOX 5hL wSldzSaa ¥F2 e (
WMc T BHR BRAMY & K2 LI 0 aen
A Showcase the value of offshore wind " =
utilizingnew analysis from NREL SR -
A Guide federal investment and regulation Faciitating the Development of the offshore
implementation over the coming five years " M o oo aote e

10 | Energy Efficiency & Renewable Energy eere.energy.gov



National Offshore Wind Strategy

Energy Efficiency &

Key Takeaways ENERGY Renewable Energy

COD 2015

A Offshore Wind Represents a Significant
Opportunity for the Nation

I Technically accessible resource with ample space
available for leas€2,058 GW)

I Electricity demand growth and power plant
retirements create a significant market opportunity
for new generation

I Potential to achieve competitive cost

A Key Challenges Remain
I Reducing technology costs and risks
I Ensuring efficient, effective regulatory construct

I Supporting effective stewardship of the
environment and public space

i LYLINROGAY3I dzy RSNRUGIF YRAY 3
A Robust and Credible Plan for Federal Action

T Over 30 DOE and DOI initiatives address 7 action LevehzedCostofEnergy<$/Mwm

d th trat th 0<=100 @100-125 ®12550 ©150-75 175200
arees A ee st eglc emes 200-225 25250 ©250-275 @275-300 ©5300
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National Offshore Wind Strategy

Energy Efficiency &

The Benefits ENERGY | rencwabie Energy

Offshore Wind Benefits

@ (Cumulative) (2050) (2050)

1.8% reduction in cumulative GHG $2 Billion in avoided mortality, 5% less water consumption and 3%

emissions (1,600 million tonnes morbidity, and economic damages less water withdrawals for the electric
CO,-equivalents), saving $50 billion from cumulatie reductions in emissions | power sector
in avoided global damages of SO,, NO, and fine PM

Energy Diversity Jobs Local Revenues
Increased offshore wind power adds Offshore wind investments could By 2050, $440 million annual
fuel diversity in key regions of the support approximately 160,000 gross lease payments and approximately
country, including populous coastal jobs in coastal regions and around the | $680 million in annual property tax
metropolitan areas, ultimately nation payments

reducing sensitivity to changes in
fossil fuel costs.

Similarly, by reducing demand for
fossil fuels offshore wind can support
fuel cost savings for consumers based
on lower prices outside of the electric
sector.

12 | Energy Efficiency & Renewable Energy eere.energy.gov
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National Science Foundation

Directorate for Engineering

Offshore Wind Workshop
Washington, DC

Barry W. Johnson
Acting Deputy Assistant Director

September 20, 2016




NSF Mission and Vision

Mission Vision
;a2 LINRPY20S (0KS LINe2IRBaaldaxz2y OGKI G
science; to advance the national exploits new concepts in scienct
health, prosperity, and welfare; and engineering and provides
to secure the national defense; global leadership in research an

FYR F2NJ 20KSNJ LIdzNLI2 a SR (A 2y d¢

NSF Strateqic Goals

A Strategic Goal 1: Transform the frontiers of science and engineering.

A Strategic Goal 2: Stimulate innovation and address societal needs
through research and education.

A Strategic Goal 3: Excel as a federal science agency.

=




@; NATIONAL SCIENCE FOUNDATION
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National Science Foundation
4201 Wilson Boulevard
Arlington, Virginia 22230
TEL: 703.292.5111 | FIRS: 800.877.8339 | TDD: 800.281.8749 February 2016
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NSF in Perspective

2015 Total Federal R&D Budget for the United States
(5135.4 billion)

Defense $64.4
(47.6%)

Commerce
$1.6 (1.2%)

NASA
$11.6 (8.6%)

Energy
$12.3 (9.1%)

NSF
$5.8 (4.2%)

% -

lar Amountsin billions $31.1( 23.0%)




Emerging Frontiers and

Multidisciplinary Activities Assistant Director
(EFMA)
Office Head Sohi Rastegar

Program Director for
Evaluation and Assessment

Grace Wang (ACting) Alexandra Medina - Borja

Senior Advisor for Deputy Assistant Director

Science and Engineering
Mihail Roco

Operations Officer
Judy Hayden

Chemical, Civil, Electrical,
Engineering Bioengineering, Mechanical, and | Communications,
Education and Environmental, Manufacturing and Cyber
Centers and Transport Innovation Systems (1IP)
(EEC) Systems (CMMI) (ECCS) DD: Graciela
DD: Mario Rotea (CBET) DD: Deborah DD: Filbert Narcﬁo (Acting)
DD: JoAnn Lighty Goodings Bartoli

Industrial
Innovation and
Partnerships

Industrial Innovatic

o



J: NSF and ENG Initiatives and Priorities

2=-%

1 Innovations at the Nexus of Food, ; Understanding the Brain

Energy, and Water Systems B BRAIN Initiative
} Risk and Resilience ;1 Broadening Participation
; Clean Energy Technology B NSF INCLUDES: Inclusion across
} CyberEnabled Materials, the Nation of Communities of
Manufacturing, and Smart Learners that have been

Underrepresented for Diversity in

Systems | _ .
BAd d Manuf : Engineering and Science
vancec Manulacuring + National Strategic Computing
;  Smart and Connected Initiative

Communities

1 National Nanotechnology
Initiative

} Innovation Corps €Corps)

N
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Clean Energy Funding

Program FY 2014 FY 2015 FY 2016 FY 2017
Actual Actual Estimate Request
CleanEnergy R&D $351.07 $356.02 $371.45 $512.22

Note: Dollars in Millions

A .3&60 Al AAT AT AoOcuUu PTI OOA&AI T ET OODPPI OO0 OA«
renewable and alternative energy sources for electricity (solar, wind, wave,
geothermal) and fuels (chemical and biofuels).

A NSF funding also addresses the collection, conversion, storage, and distribution of
energy from diverse power sources, including smart grids; the science and
engineering of energy materials; and energy use and efficiency, including for
computing systems.

A Clean energy research addresses our advancement toward reliable and sustainable
energy resources and systems that preserve essential ecosystems and environmental
services, promote positive social and economic outcomes, and prepare society to

responsibly adopt them.
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Translational
Research

\

Resources Invested

Early Stage

Research Proof-of-Concept Technology

Development

Industrial Tnnovation and
Partnerships

evant Translational Programs

Private funds

GOALLE, Grant Opportunities for
Academic Liaison with Industry

IUCRG Industry University
Cooperative Research Centers

PFI:BI@ Partnerships for Innovation:
Building Innovation Capacity

[-Corpsg Innovation Corps

PFI:AIRTT¢ Partnerships for
Innovation: Accelerating Innovation
Researckrechnology Transfer

PFI:AIRT T¢ Partnerships for
Innovation: Accelerating Innovation
ResearckResearch Alliance

SBIR/STT&®Small Business Innovatiot
Research / Small Business Technolog
Transfer

Product Commercial
Development - ization

NN



One Example

Wind-Energy Science, Technology, and Research
Industey/University Cooperative Research Center

Center
Universities Research Topics
B University of Massachusetts at Lowell B Composites and blade manufacturing

vy

Foundations and towers

B Structural health monitoring, nordestructive
inspection, and testing

B Wind farm modeling and measurement campaign
Control systems for turbines and farms

Industrial Innovation and B Energy storage and grid integration
Partnerships

B University of Texas at Dallas

vs]
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Questions and Contact

Barry W. Johnson, Ph.D.
Acting Deputy Assistant Director
Directorate for Engineering
National Science Foundation
Email:bwjohnso@nsf.gov
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Science-Informed Decisions from Use-Inspired Research

Dr. Rodney E. Cluck
Chtef, Environmental Studies Program

BOEM | Office of Environmental Programs September 20, 2016 | www.boem.gov



BOEM MISSION

Manage ocean
energy and mineral
resources on the
Outer Continental
Shelf in a safe and

environmentally
sound manner.



PROGRAM AREAS

PN

5 é« ,I/\ A

Oil & Gas Renewable Marine
Energy Minerals
5-year leasing plan Site identification through Through negotiated
S e e stakeholder input and agreement with state
9 state task forces and local entities

www.boem.gov




ENVIRONMENTAL PROGRAMS MISSION

To study and prevent environmental harm
from energy development and minerals
extraction on the Outer Continental Shelf

016 | www.boem.gov




ENVIRONMENTAL STUDIES PROGRAM PRINCIPLES

Remain
to apply results
towards management
decisions

to leverage funds
and maximize

utility of results

Adhere to the
utmost levels of

and credibility

Engage reqgularly with
stakeholders and public
educational outreach
for quality assurance,
peer-review planning,
and data dissemination

www.boem.gov




SCIENCE/ASSESSMENT INFLUENCE

- - Magnuson-Stevens Fishery
Clean Air Act Clean Water Act Coastal Zone Management Endangered Species Act Conser. & Manag. Act
Marine Mammal Migratory Bird Treaty Act National Historic Tribal Consultation Environmental Justice
Protection Act E.O. 13186 Preservation Act EO. 11593 EO. 12898

NEPA (National Environmental Policy Act)

v

Science-Informed Decision

6 | Office of Environmental Programs September 20, 2016 | www.boem.gov



STUDY DEVELOPMENT PLAN

v

e

A

Allows ideas to flow
with a look toward the future




ESP RESEARCH AREAS

avian biology
marine mammals
sea turtles

fish
invertebrates

corals

benthic ecology

chemical and physical oceanography
marine and coastal ecology

marine acoustics

marine archaeology

data management

meteorology, air quality

economics

sociology and anthropology

016 | www.boem.gov



ARCHAEOLOGY

Inventory and analysis of

on the Atlantic Outer
Continental Shelf

Surveys off Massachusetts,
North and South Carolina,
Virginia, Rhode Island,

and Maryland

Steven Sellers

016 | www.boem.gov



Compendium of Avian Occurrence Information
for the Continental Shelf Waters along the Atlantic Coast

Partnership with and
to compile existing survey data

from federal and state sources
and developers. Continually updated

£
x
=
Y
E
8
g
o -

Data standardized into common format for
regional analyses

Informs siting decisions and consultations

Projected longitude (10 km)

10 | Office of Environmental Programs September 20, 2016 | www.boem.gov



Integrative Statistical Modeling and Predictive Mapping

of Seabird Distribution & Abundance on the Atlantic OCS

Partnership with
Over
Seasonal maps of

Informs siting decisions and consultations

Maps available on and
Northeast Regional Ocean Council’'s website

016 | www.boem.gov




TELEMETRY - Tagging & Tracking

Understanding
of birds, turtles,
and marine mammals

BOEM, ONR, MMC, and
NOAA/IOOS initiated the
evolving

long-term monitoring —

ecosystem-based

management

12 | Office of Environmental Programs September 20, 2016 | www.boem.gov



ATLANTIC MARINE ASSESSMENT PROGRAM
for Protected Species

Partnership with NOAA and USFWS to collect data on distribution
and abundance of marine mammals, sea turtles, and seabirds

13 | Office of Environmental Programs September 20, 2016 | www.boem.gov



Renewable Energy in situ Power Cable Observation

Determine attraction or
repulsion of
' to EMF

Shallow &

i = Measured EMF along both

energized and unenergized
power cables from offshore
oil platforms

from fish or
macroinvertebrates to EMF

14 | Office of | 2ntal Prc : 2016 | www.boem.gov



Real-time Opportunity for Development Environmental

Observations (RODEO)

Collecting sound measurements, Block Island Wind Farm, September 2015

Collect real-time
measurements of the
construction and operation
activities
to allow

for more accurate
assessments of the

and
inform development of
appropriate mitigation
measures.

6 | www.boem.gov




Real-time Opportunity for Development Environmental

Observations (RODEO)

with HDR Engineering

Initial project at
off Rhode Island

Potential projects could be Virginia,
New Jersey, or Massachusetts,
depending when steel is in the water

Air Quality Sound Seafloor Disturbance Visual
Testing of Monitoring Equipment Evaluating Mitigation Equipment

www.boem.gov




BENTHIC HABITAT

Fishery Physical Habitat and Epibenthic Invertebrate Baseline Data Collection

17 | Office of Environmental Programs September 20, 2016 | www.boem.gov



Environmental Studies Program Information System
(ESPIS)

‘ ESPIS AL renewable energy P2 SHARE ? HILP

BUROPY ; ' Nok
| \ - AMER(CA

ATRICA ! » \ ASRICA

1976 - 2019 FOUND 108 RESULTS MATCHING YOUR SEARCH SORT BY BEST MATCH

identification of Outer Continental Shell Renewable Energy Space-Use
Conflicts and Analysis of Potential Maigation Measures

P Nasonal  $32000- 2012 © Sockeeconemics

SHOW ALL
Three components of the SCenbAc research included 3 M ature review 3 Lospatiyl

databane and ethnegraphi resedrch. The lerature review wwrveyed the
POt sional Lrey and Deer reviewed Meratwr ¢ on spatial ConBicts in the maree

REGION SHOW ALL

envircament

Developing Ervironmental Protocols and Modeling Tools to Support
Ocean Renewable Energy and Stewardship

A PIrtAeIIND Detween . PNatonal (32010 2011 © Other
wM - The objectives of this study were to deweiop and andarded protocoty for
b S Daseine udes and MONRONNg for the Colh N D COMPIran Of sOeatifcaly
valks and comparabie date 1or 1pecric OMIhore renewabie energy (ORL) issues. Also

L

Evaluating Acoustic Techaologies to Monitor AQuatic Organisms at
Renewable Energy Sites

Praconal (920102013 © Other
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www.boem.gov/Studies

“Sctence for Informed Decisions”

Dr. Rodney Cluck rodney.cluck@boem.gov
Chief, Environmental Studies Program

BOEM

| Office of Environmental Programs







Welcome

WIND . ASSURING CONFIDENCE
THROUGH COMPETENCE

Andreas Reuter

\

~ Fraunhofer
IWES



Short profile of Fraunhofer IWES North-West

Managing Director
Research spectrum
Operational budget 2015
Staff

Located in

Investments to date in the
establishment of infrastructure

Research Alliance Q‘/
Wind Energy

Prof. Dr.-Ing. Andreas Reuter
Wind energy from material development to grid connection

a 15 million
150 employees
Bremerhaven, Oldenburg, Bremen, Hanover

Ug 60 million

Strategic Alliance with ForWind and the German
Aerospace Center (DLR)

\

~ Fraunhofer

IWES



Fr aunh dolseness mmodel:
Focus on industry as a factor for success

67 Fraunhofer institutes in Germany

More than 24,000 employees, mainly with an academic background

In natural or engineering sciences

a 2.1 billion annual research budget

P T

-~

Type of research

Technical prototypes, Industry
pilot installation

Development base public-sector
funding revenue

Applied research
. Fraunhofer company
Application-oriented
basic research

Basic research . ..
(0" Universities

100% public

100% private

Financing

~ Fraunhofer
IWES



Accelerated time to market through realistic testing

Rotor blade test hall up to 90 meters

~{ Testing of design prototypes prior to series production
-{ Max. static bending moment 115,000 kNm; max. dynamic bending moment: +/- 30,000 kNm

DyNaLab with 10 MW drive performance / peak 15 MW

- Nominal torque: > 8.6 MNm
-( Rotor load application unit for dynamic bending moments, thrust and radial forces
- Atrtificial grid: 44 MVA installed inverter power

Support structure test center

~( Testing of fatigue behavior of foundations and support structures
- Scale 1:10to 1:3.5

~ Fraunhofer
IWES



Research with added value

Rotor

Drive train . 1
and grid connection |

foundations and assessment ‘I_ I _I_

of soil conditions

= Fraunhofer

IWES



Support structures, foundations and
assessment of soil conditions

Support structures & foundations

~( Experimental model testing on foundation elements and substructures 6

-{ Numerical calculation and simulations _ Jk\\

-( Development and testing of environmentally friendly construction methods

< Simul ation of the structureds dyntarmi ¢ and f at
cyclic influence in fAitime | apseo

Geotechnical measurement and consulting service

-( Evaluation of the subsoil with multi-channel seismic for improved dimensioning
of support structures

-( Drilling campaigns, in-situ soil exploration and geotechnical laboratory testing
of seabed samples

\

~ Fraunhofer
IWES



Rotor

Aerodynamic modeling
-{ Optimization of aerodynamic characteristics, e.g., adjustable flaps, trailing

edge \
- Numerical simulation of flow effects with OpenFOAM /
~{ Wind field generator based on the continuous time random walk model

Qualification of composite materials and components
-{ 70- and 90-meter testing facility certification approval
-{ Accredited testing of specimens and components

Industrialized manufacturing

< Experi ment alBlateMaker8 demohet ARati on cent| |r
-{ Validation testing of manufacturing processes and materials

-{ CNC-controlled production cell with 2 cooperating 6-axis gantries

~ Fraunhofer
IWES



Drive trains and grid connection

~( Technical reliability of mechatronical systems
/

Identification and certification of the electrical characteristics of
wind turbines as generating units in the laboratory and high resolution,
electrical measurements of generator converter interfaces

/
A
- Planning and implementation of system tests, accelerated lifetime tests
{ Model validation

Pitch bearings and drives for fAcontinuous

~ Fraunhofer
IWES

n



