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U.S. Onshore Wind Potential

(8,000 GW capacity)

Wwind resource data developed by
AWS Truewind, LLC for windMavigator®

U.S. Installed Wind Capacity

Wind energy generation (MW)

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year

AWEA 2010
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U.S. Existing Capacity

(>60% Great Plains, 27% TX)

Existing Power Capacity (in MW) C10-10 CJ10-100 [ 100- 1000 5 1000 - 1

AWEA 2010

Great Plains Strategy

UP SIDE

Good, stable wind resources

DOWN SIDE
Land consumption

Transport to major load centers
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U.S. Wind Potential

This map shows e wind resourne dats used by e Win0s
model lor the 2% Wird Scenano. 1t 8 comtsnation of

MREL ard har crganinatiors. The data was scresned i
sirminate arass uni ety ko be developed oo de 1o land
O arvironTertal (Bsuss. T many sisies, the wid

DOE 2030 report

NORTHEAST OFFSHORE Wind Potential
(96 GW in <30-m water, 386 GW within 50 nm)
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U.S. Map of Night Lights

National Geographic Society

Bo-Wash
2.2 Trillion Dollars
Human density
Transportation

Land development

Www.cch-wm.org



Wind & Waterbirds -- The Center for Conservation Biology 2010

Wind Turbine Evolution

Figure 2-6. The development path and growth of wind turbines
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Rotor Blade Development

Figure 2-16. Blade growth and startup dates for U.S. blade test facilities
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Adapted from Musial and Butterworth 2004

Bathymetry

(30-m contour)
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Exploitable Winds with Existing Technology

(class 5 winds in <21-m water)

Policy Drivers
(state-level Renewable Portfolio Standards)

Renewable Power & Energy Efficiency Market: Renewable Portiolic Standards

Federal Energy Regulatory Commission - Market Oversight @ FERC.gov

Www.cch-wm.org

30 States including D.C. have Renewable Energy Portfolio Standards (RPS)

ND: 10% by 2015 MN: 25% by 2025: WI- 10% MWhard 1.100 MW by 2015

SD: 10% by 2015 m":’;‘ﬁ':“’;“”mm WI-10% by 2015
Flus IL: 25% by 2025
KS: 20% by 2020 1@ wndguaibyot0 I P
MOw1 by 2021 OH: 12.5% by 2025

WA:15% by 2020
OR: 2% by 2025
CA: 20% by 2010 faw)
33% by 2020 (Exec Orckr)
MT.15% by 2015
NV: 25% by 2025
UT: 20% by 2025
€O: 2% by 2020
AZ: 15% by 2025
NM: 20% by 2020
TX: 5,890 MW by 2015,
plus 500 MW rervind goal
Hid0%by 2080 7, e
e

»

Updakes at: hifp:/iwww.erc.gov/maske toversighlotir-mkisirenew.asp

Abbreviations: EE — Energy Effcisncy; RE — Renewable Energy
Motes: An RPS requires  peroent of an eleckic providr's energy seles (MWh) or instalied capacity (MW i come Fom
renewable resources. Mostspecify sales (MWH). Map percents are finel years' argets. “TVA' gaal is notstate poficy:
it calls for 50% zero- or kow=carbon gereralion by 2020. Alaska has no RPS.

Sources: Derived fom data in: LENL PLICs, State legislafve acking ssriices, Pew Canter, and the Urion of
Gencemed Scienists. Demils, induding fmelnes. are in the Daabase of St Incentives for Renewabies and Energy
Effciency: hip sreusa.org

ME: 40% by 2017. plus
3 GW wind goal by 2020

NH: 23 B% by 2025

VT: 20%, by 2017: all growth

2012 rom RE and EE

WA 15% by 2020 then 1% sach year,
pius 2 GW wind goal by 2020

Rl; 16% by end 2019

CT: 27% by 2020

NY- 25% by 2013

W: 225% by 2020

PA: 16% by 2020

DE: 20R% by 2015.2020

DC: 20% by 2020 ¢

WD: 20% by 2022

VA-15% by 2025: goal with
produchon incentes

WV 259 by 2025 with aliermaive
ard renewabe resources

NC: 12.5% by 2021
TVA: S0by 2020

O wes
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Policy Drivers
(state-level Renewable Portfolio Standards)

State Energy from RPS Deadline

Maine 40.0% 2017

New Hampshire 25.0% 2025

Massachusetts 25.0% 2025

Rhode Island 16.0% 2019

Connecticut 27.0% 2020

New York 25.0% 2013

New Jersey 22.5% 2021

Delaware 20.0% 2019

Maryland 20.0% 2022

Virginia 15.0% 2025

North Carolina 12.5% 2021

Source: Pew Center

WIND DEVELOPMENT

Development of US wind industry
Initial focus on midwest
Current focus on offshore resources
Tremendous policy drivers (RPS)
Collective RPS from offshore 54,000 MW
Buildout = 10,000-20,000 turbines

Space required = 10,000-20,000 sq km
Industry incentives

170 billion dollar industry

Favorable policy incentives

Www.cch-wm.org
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World’s Coastal Flyways

Atlantic Flyway

350 bird species
190 land birds
165 water birds

Huge geographic source

Mid-Atlantic funnel

10
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Www.cch-wm.org

Chesapeake Bay

Area of eagle convergence
for the entire Atlantic Coast

Bald Eagle Populations using
Chesapeake Bay

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
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Mid-Atlantic Staging Area

Red Knot

Peregrine Falcon Tracking
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[ 4
1

Association with Atlantic Flyway
(Waterbirds)

Summering | Fall Migration [ Spring Migration

160 species migrating through flyway

Breeding Waterbirds Restricted to Nearshore

13



Wind & Waterbirds -- The Center for Conservation Biology 2010

Northern Gannet Foraging Flock

Primary Productivity

Www.cch-wm.org
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Exploitable Winds with Existing Technology

(class 5 winds in <21-m water)

Number of species

02204 @ i T es

o —— il rsters
03255 100 150 200

Species use Relative to Coastline

Inland Bays/Sounds  Coastline Nearshore Offshore

Category

Pelagic
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Coast-line
Wind Installations

Blythe, UK

Blockstigen, SE

True Pelagics

Bermuda Petrel 30nm SE of Hatteras Inlet July 3, 2008

Global population
30 breeding pairs

Photo Copyright Brian Patteson

Global population
700 breeding pairs

16
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Sea Surface Temperature

-

Warm Core Rings

Www.cch-wm.org
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Hurricane Isabel

Nor’easter

Www.cch-wm.org
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ATLANTIC FLYWAY

Huge movement corridor for birds
Hundreds of millions of individuals
>300 species included

Populations drawn from large area

Ecological role of Atlantic Coast

Complex and species-specific

Distribution relative to coast line
Highest diversity and volume nearshore

Community of species offshore

Wind and Waterbirds

CONTEXT
Offshore wind

Atlantic Flyway

POTENTIAL POPULATION IMPACTS

Exposure

Vulnerability

Priority Species
INFORMATION

Existing Information

Information Needs

Techniques
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Impacts of Offshore Wind Farms to Birds

PHYSICAL HABITAT COLLISION
LOSS/MODIFICATION/GAIN MORTALITY

AVOIDANCE
BEHAVIOR

Barriers to Displacement
Physical movement from
effects: (migration, ideal feeding
feeding flights, Areas

etc.)
+

Ecological “Effective
effects: habitat loss

+

Increased Reduced
Energetic energy energy intake
costs: demand rates and/or
increased
energy
expenditure

Fitness Changes to annual
consequences: breeding output and
annual survival

Population \

impacts:

ted from Fox et al. 2006

Destruction of
feeding habitats
under turbines

¥

“Physical’
habitat loss

CHANGES IN
OVERALL
POPULATION
SIZE

Birds collide with
rotors or other
structures, or

mortally injured by
air turbulence

Creation of novel
habitats on
Turbine
foundations

habitat gain

v

Enhanced
energy intake
rates and/or
increased energy
expenditure

Impacts of Offshore Wind Farms to Birds

PHYSICAL HABITAT COLLISION
LOSS/MODIFICATION/GAIN MORTALITY

AVOIDANCE
BEHAVIOR

Barriers to Displacement
Physical movement from
effects: (migration, ideal feeding
feeding flights, Areas
etc.)

Increased Reduced
Energetic energy energy intake
costs: demand rates and/or
increased
energy
expenditure

Ecological Increased “Effective’ ‘Physical’ ‘Physical’
effects: flight distance habitat loss habitat loss habitat gain
+ ¥ / v

Fitness Changes to annual
consequences: breeding output and
annual survival

Population
impacts:

Destruction of
feeding habitats
under turbines

CHANGES IN
OVERALL
POPULATION
SIZE

Birds collide with
rotors or other
structures, or

mortally injured by
air turbulence

Creation of novel
habitats on
Turbine
foundations

Enhanced
energy intake
rates and/or
increased energy
expenditure
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Wind Farms Consume Space/Habitat

Available Surface Area by State
(sq km)

State Waters State Waters Federal Waters
State Bays and Sounds (0-3 miles) (3-200 miles)

Maine 11.7 2,758.0 15.9
New Hampshire 122.9 159.9 0.4
Connecticut 1,319.1 0.5 0.0
Massachusetts 2,429.6 2,283.5 5,989.7
Rhode Island 318.9 349.3 152.6
New York 2,563.4 1,250.8 2,296.5
New Jersey 1,460.7 1,199.0 6,306.1
Delaware 762.7 244.7 973.1
Maryland 5,186.1 258.7 1,339.4
Virginia 4,491.7 1,053.8 8,591.3
North Carolina 6,362.6 2,807.8 18,132.8

Total 25,029.4 12,366.1 43,797.8

Www.cch-wm.org
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Habitat Loss
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Underwater Structures
Create Habitat
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Impacts of Offshore Wind Farms to Birds

AVOIDANCE PHYSICAL HABITAT COLLISION
BEHAVIOR LOSS/MODIFICATION/GAIN MORTALITY

Barriers to Displacement
Physical movement from Destruction of
effects: (migration, ideal feeding feeding habitats
feeding flights, Areas under turbines
etc.)

Ecological “Effective’ “Physical’ “Physical’
effects: habitat loss habitat loss habitat gain
+ +

Increased Reduced Enhanced
Energetic energy energy intake energy intake
costs: demand rates and/or rates and/or
increased increased energy
energy expenditure
expenditure

B
Fitness bChag_ges totanlrwail Reduced
consequences: reeding output an survival
annual survival

Population CHANGES IN
impacts: OVERALL
POPULATION
SIZE

Birds collide with
rotors or other
structures, or

mortally injured by
air turbulence

Creation of novel
habitats on
Turbine
foundations

Wind Farm Avoidance

Desholm 2006
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Impacts of Offshore Wind Farms to Birds

AVOIDANCE PHYSICAL HABITAT COLLISION
BEHAVIOR LOSS/MODIFICATION/GAIN MORTALITY

Barriers to Displacement
Physical movement from Destruction of
effects: (migration, ideal feeding feeding habitats Turbine structures, or
feeding flights, Areas under turbines foundations mortally injured by
etc.) air turbulence

Ecological “Effective’ “Physical’ “Physical’
effects: habitat loss habitat loss habitat gain
+ +

Increased Reduced Enhanced
Energetic energy energy intake energy intake
costs: demand rates and/or rates and/or
increased increased energy
energy expenditure
expenditure

Fitness ; b o tand Reduced
consequences: reeding output an survival

Population CHANGES IN /
impacts: OVERALL

POPULATION
SIZE

Birds collide with

Creation of novel
rotors or other

habitats on

Direct Mortality
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Figure 5-2. Anthropogenic causes of bird mortality
(per 10,000 avian deaths)

6,000.00 -
5,500.00
5,000.00 4
4,000.00

3,000.00 4

Avian Deaths

2,000.00 4

1.000.00 4 1,000 1,000

Source: Erickson et al. (2002)

Offshore Mortality Rates

(Range 0.34-3.4 birds/turbinelyear)
(Percival 2001)

Very few estimates
& None from Atlantic Flyway
| None from large turbines
Collisions underestimate
Impacts
Absolute rates inadequate
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Population
Impact

Population Exposure Population Vulnerability

Susceptibility of a
population to perturbations in
demographic rates.

Extent to which a population
is expected to interact with
and be impacted by a hazard

Population Exposure

‘ No exposure

‘ Low exposure
‘ Moderate exposure

‘ High exposure
‘ Complete exposure

Hazard

Www.cch-wm.org
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Www.cch-wm.org

Mid-Atlantic Staging Area

Garthe and Huppop 2004

Red Knot

Waterbird Exposure Index

Summer

WSi-value
° 020
* 21-50
* 51-100
® 101-200
® =200
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Habitat Availability

Winter

Conditions Physiological

Stressors

Predation _ RES: / Food

Availability

Competition Contaminants

Integrated Responses

RN

Reproductive

Survivorship e
uccess

N

Population Response

Capacity

Population Size (n)

Time (t)

Vital Rates births-deaths

Www.cch-wm.org
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Avian Life History Strategies

Most vulnerable to
elevated mortality

Passerines

Waterfowl

Reproductive rates

MORTALITY LIMITS

Sustainable Mortality Limit

Absorb additional mortality

Mortality Rate

29
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MORTALITY LIMITS

Sustainable Mortality Limit

Mortality Sources

Www.cch-wm.org
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Adult mortality

MORTALITY LIMITS

Sustainable Mortality Limit

Over fishing

Fisheries bycatch

MORTALITY LIMITS

Sustainable Mortality Limit

Fisheries bycatch

31
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Mortality is cumulative

Need integration across
network

Assess collective impact

Www.cch-wm.org

Wind Farm
Applications

32
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HARVEST THEORY

LOGISTIC GROWTH YIELD CURVE

Population size
Sustainable annual harvest

Time (yr) Equilibrium population size (N)

PBR
(Potential Biological Removal)

Wade 1998 Uses precautionary principle to estimate limits
Minimum population estimate
60% CI of estimate
Recovery factor

Application to wind industry
Provides upper mortality bound
Provides population framework
for species prioritization

Www.cch-wm.org
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PBR Estimates

Table of demographic parameters, population estimates, and PBR estimates.

Species/Subspecies/population

Common Name

1st
Breeding

Recovery
Factor

Population
Estimate

60%ClI

Limosa fedoa fedoa (Hudson Bay)

Marbled Godwit

3

0.2

2,20

1,511

Charadrius melodus melodus

Piping Plover

0.1

2,920]

2,006

Sterna dougallii dougallii

Roseate Tern

0.1

7,000

4,809

Gavia immer

Common Loon

0.4

7,400

5,084

Haematopus palliatus

American Oystercatcher

0.2

10,700)

7,351

Calidris canutus rufa

Red Knot

0.1

20,000)

13,740

Pterodroma cahow

Bermuda Petrel

Pterodroma feae

Fea's Petrel

Pterodroma arminjoniana

Herald Petrel

Gelochelidon nilotica aranea

Gull-billed Tern

Puffinus Iherminieri Iherminieri

Audubon'’s Shearwater

Charadrius wilsonia

\Wilson's Plover

Calidris maritima belcheri

Purple Sandpiper

POTENTIAL POPULATION IMPACTS

Types of impacts
Avoidance behavior

Habitat loss

Collision mortality

Turbines as over-water hazards

Exposure

Vulnerability

Population framework for prioritization

Atlantic-Flyway dependents highest concern

34
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Osprey Populatio

o

=

& e

Watts et al. 2004 £

Www.cch-wm.org

n (1996)

N

A

= Osprey Nest Site

5% 8

£ i
L
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Great Blue Heron

Great Blue
# Heron Colonies

Kilometers
0102 40 60 80

Watts and Byrd 2004 3 '_ SR s

American
Oystercatcher

American Oyster
& Catcher Nests
2003

N

£l

Wilke et al. 2007 & 2 __

Www.ccb-wm.org
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Flight Lines )
Dec. 14, 1992 to Mar. 3, 1993 +(§ ¢
Every fourth minute of latitude,_ ™ -
was flown each month
March tract in yellow

D. Forsell

Red-throated Loons

D. Forsell

Www.cch-wm.org
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All Scoters 1992-93

D. Forsell

120 Meter Wide Survey Lines Flown
From 21 Dec. 2001 To 8 Mar. 2003

6.7 % of area surveyed

Www.cch-wm.org

D. Forsell
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All Birds
Largest Circle = 600 birds

(PER U [ S G G S
O O =lLh d = 0 =] Lh 2
DT U R T S T

i
£
3

Scoters Observed on Three
Coastal Aerial Surveys in 1998

Largest Circles = 4,000 Birds
Smallest Circles = 1 Bird

4 Mar. 5

Ry
X il
i Fe

b.1

D. Forsell g)ﬁ

Www.cch-wm.org

D. Forsell
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Distribution of Birds in Relation to Depth in Mid-Atlantic Offshore Waters

|||!|.....

DEPTHS™® 17.1
U %ﬁﬁ %IDI Uﬁoﬁaﬁ oY o e0. ", SCOTERS? 114
8L e o DIVING DUCKS? 10.6
cod, NORTHERN GANNET 16.8
LOONS 14.6
LARGE GULLS 187
SMALL GULLS 16.8

Depth in Meters

D. Forsell

Virginia SeaWatch  rall 2003: 75,138 birds of 57 species
Spring 2004: 42,231 birds of 24 species

Wllllams et al. 2004 2005

Www.cch-wm.org
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Www.cch-wm.org

Seabird occurrence data:

= >400,000 observations have been accumulated
- from 70 datasets

* >30 years of data covers the region between
Florida and Maine

= Data collected using a mix of scientific and non-
scientific methods
] iy

PWRC Project

Information Needs

Objective 1 — Minimize exposure (particularly for priority species)

Distribution and abundance
Species composition
Seasonality of use

Behavior

Objective 2 — Mortality monitoring

Species/age composition
Distribution
Seasonality

41
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Information Needs

Objective 1 — Minimize exposure (particularly for priority species)

Remote sensing
Radar
Acoustic monitoring
Imaging — photo/thermal

Direct observation

Watts et al. 2007

Www.cch-wm.org
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Marine Radar

FE XA ATy
Pl M et T
R P e

-
PP O D DD

“

Desholm 2006

Www.cch-wm.org
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Thermal Imaging and Acoustic Monitoring

Aerial Transect Surveys

count zone count zone

=60 Meters ™ ~=60 Meters ==

D. Forsell

Www.cch-wm.org
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Information

Transect Surveys

Monitoring Techniques
(capabilities)

Thermal

Acoustic

Observation

Distribution

Abundance

Seasonality

Species Composition

Behavior

Www.cch-wm.org
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Information Needs

Objective 2 — Mortality monitoring

Remote sensing
W-T Bird
TADS

Thermal Animal Detection System (TADS)

Www.cch-wm.org
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Www.cch-wm.org

W-T Bird System

Acoustic triggered photo system

acoustic signal
sensors  Processing

trigger

W microphane

Ethemeti

Wind and Waterbirds
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