Exploring Offshore Wind Energy:
Why is it important and
what is being done at Rutgers?
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Renewable Energy, Non-fuels

e Obama: 20% renewable by 2030
e Diversified energy solution critical for success
e Renewable energy sources (non-fuel):

— Hydropower

— Geothermal

— Solar (variable)
— Wind (variable)

e Compare to coal, oil, natural gas, and nuclear
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Installed U.S. Wind Capacity
(as of end 2011)
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Current US Status and Future Needs

e To achieve 20% renewable by 2030, expansion
is obvious and needed (currently, 14.6%)

e Northern Europe has over 50 offshore wind
farms, while U.S. h
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Why will offshore wind be an area
of growth for US?

e More wind power potential offshore than
onshore
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U.S. Wind Resource Potential

NREL Updated Maps:

Arizona (2003)
California (2002)
Colorado (2004)
Connecticut (2001)
Delaware (2002)
Hawaii (2004)
Idaho (2002)
lllinois (2001)
Indiana (2004)
Maine (2001)
Maryland (2002)

Missouri (2005)
Montana (2002)
Nebraska (2005)
Nevada (2003)

New Jersey (2002)
New Hampshire (2001)
New Mexico (2003)
North Carolina (2002)
North Dakota (2000)
Ohio (2004)

Oregon (2002)
Pennsylvania (2002)
Rhode Island (2001)
South Dakota (2001)
Texas mesas (2000)
Utah (2003)
Vermont (2001)
Virginia (2002)
Washington (2002)
West Virginia (2002)
Wyoming (2002)
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The remaining states use data from the 1987
"Wind Energy Atlas of the United States".

Wind Resources and Transmission Lines
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Wind Power Classification

Wind Power Wind Speed ®  Wind Speed ?

Density at 50 m at50 m at50m

Wim? mis mph

200- 300 56- 6.4 125-14.3

300- 400 6.4- 7.0 143-157

400 - 500 70- 75 15.7-16.8

500 - 600 75- 8.0 16.8-17.9

600 - 800 80- 88 17.9-19.7

800 - 1600 88-11.1 19.7-248
®Wind speeds are based on a Weibull k value of 2.0

o
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Transmission Lines
Voltage (kV)

U.S. Department of Energy
National Renewable Energy Laboratory

19-APR-2007 1.59
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Why will offshore wind be an area
of growth for US?

e More wind power potential offshore than
onshore

e Closer to population centers (coastal cities)
— Less transmission needed

e US energy security

e Growth esp. along East Coast because:

— Proximity to 195 corridor
— Shallow waters
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National Renewable Energy Lab (NREL)

e Map of Transformation of the Electric Sector:

http://rom.nrel.esov/refhighre/expansion/
expansion.html
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Why New Jersey?

e State government support

— Offshore Wind Economic Development Act (2010),
ORECS

e Continental shelf (shallow waters)

e Good wind resource

© 2012 Cnes/Spot Image
Image © 2012 TerraMetrics

Google earth
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United States - Land-Based and Offshore Annual Average Wind Speed at 80 m

Wind Speed
m/s

Source: Wind resource estimates developed by AWS Truepower,
LLC. Web: http://www.awstruepower.com. Map developed by
NREL. Spatial resolution of wind resource data: 2.0 km.
Projection: Albers Equal Area WGS84.

aws Truepover- 5.6 NIRE L

Where science delivers performance. NATIONAL RENEWABLE ENERGY LABORATORY
09-JAN-20123.3.1
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Wind Variability

e Wind (and solar) are variable renewable
energy (VRE) sources

— Non-fuel, no storing (still in research phase)

e Critical to understand, characterize, and
quantify major sources of variability

e Scarce oceanic observations limit efforts
toward this goal
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Coastal/Offshore Monitoring

Meteorological Tower Meteorological Buoy Offshore vertical LIDAR

Infrared Satellite Coastal Radar (CODAR)

Complex Correlation (Stratified Filtered)
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Overview, Summary,
and Application

Prepared by:

Geo-Marine, Inc.

2201 K Avenue, Suite A2
Plano,Texas 75074

Phone: 972.423.5480

Fax: 972.422.2736

Web: www.geo-marine.com

Ocean/Wind Power
Ecological Baseline Studies

January 2008 — December 2009
o = o L,’.
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NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION
OFFICE OF SCIENCE

July 2010
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NJ Board of Public Utilities (NJBPU):
a current RUCOOL project

e NJBPU asked RUCOOL to evaluate wind
resource as a sort of “consultant”

e Use modeling to achieve these goals,
complement ecological baseline study

Coastal Ocean
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% State of New Jersey
Clean Energy New Jersey Board of Public Utilities (NJBPU)

An Advanced Atmosphere/Ocean Assessment Program:
Reducing the Risks Associated with Offshore Wind Energy Development

As Defined by The NJ Energy Master Plan and
The NJ Offshore Wind Energy Economic Development Act

WTGERS Principal Investigators: Dr. Scott Glenn and Dr. Rich Dunk, CCM
vaton L Team Members: Dr. Josh Kohut, Dr. Hugh Roarty, Louis Bowers, Greg Seroka,
r\ \\ ) ) John Kerfoot, Laura Palamara, Mike Crowley, Ethan Handel, Colin Evans
~ New Ocean Data Hi-Res Weather Model Spatial Validation Data Wind Power Statistics
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New Rutgers Satellite Product

Sea Surface Temperature (

RTG HR SST (C) 08/27
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We can now resolve upwelling
using satellites...

Cloud Masking *Cloud Masking® MODIS 7-day

(old method) (new method, unique to (old method)
Rutgers)
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...and SST for hurricane simulations:

e.g. Hurricane Irene
SPORT + RTG
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© 2011 Google
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* 3 km horizontal resolution
over NY Bight
0.75 km horizontal
resolution over study area
By comparison, North
American Mesoscale
(NAM) Model from NOAA
is 12 km horizontal
resolution

Model is being run in real-time,
for precise comparison to onsite
met towers

Data is currently being
extracted from the model at a
selected array of grid points
within the study domain
producing several “Virtual”

M@ Meteorological Towers.

Coastal Ocean
Observation Lab



Sea breeze animation:
RU-WRF 3km run with RUSST

Wind Speed at 80m [m/s]
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RU Coastal Ocean Observation Lab: RUWRF-ARW 3 KM Model Initialized 09731MAY2012
http://marine.rutgers.edu/cool /weather Valid 10Z31MAY2012 (Thu) | Forecast Hour 1
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RU-WRF omains

T i S * 3 km horizontal resolution
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© 2011 Google
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Virtual Met
Tower Examples

iitual Met Tower C1 39.29821073,-74.47812573

Onshore (KACY) Offshore
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Model Validation

Meteorological Tower Meteorological Buoy Offshore vertical LIDAR

{

Infrared Satellite Coastal Radar (CODAR)

Complex Correlation (Stratified Filtered)
T T T
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Model Validation

Relative Backscattering Coefficient (dB)
T
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Coastal/Offshore Scanning LIDAR

WTGERS JERSEY ROOTS, GLOBAL REACH Oﬁfjjft'igffjg



25hr Surface Current Field (5SMHz): 2012-Jun-03 23:00 (+/- 12 hours)

Enhanced High Resolution Coverage
( 13 MHz CODAR

0.6
25h5rface Current Field (13MHz): 2012-Jun-03 23:00 (+/- 12 hours)
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CODAR seabreeze animation

Hourly Surface Current Field (13MHz): 2012-May-31 00:00
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HF Radar Derived Linear Wind Model
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* Rotate wind vectors according to complex correlation
* Calculate the slope and intercept of best fit line

U'(x,y,t) = slope(x,y)*W'(t)
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Atmosphere-Ocean-Wave Coupling

Atmosphere
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Future Possibilities

e This work can be used as a basis for a
representative forecasting/predicting program

e Show economic viability of offshore wind
e Most efficient integration into grid
e Day ahead bidding of energy by utilities

e Construction, operation, maintenance
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Rutgers University - Coastal Ocean Observation Lab
Operations, Research & Education Center

CODAR Network

Satellite Data Acquisition Stations Glider Fleet 3-D Forecasts

}QJTGE RS JERSEY ROOTS, GLOBAL REACH Coastal Ocean

Observation Lab



