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A hypothetical 80 turbine wind energy facility

e 210 acre physical footprint* (facilities, roads)

e 1,600 acres land area" (200 acres/turbine)

e Potential much larger ecological footprint?

* - 5% of land area of wind farm, following: National Renewable Energy Laboratory. 2008. 20% wind energy by 2030: increasing wind energy’s contribution to U.S. electricity supply.
- Minimum convex polygon bounding an 80 turbine wind facility in Harper County, Oklahoma.

* - Calculated from wind turbine avoidance distance in Horton etal 2010.



PROPOSED WIND DEVELOPMENT IN WYOMING

Current Installed: 1,500 MW (10% of WY electric production)
Proposed: 8,000+ MW (4,000 turbines, 800,000 acres)
NREL Technical Potential: 350,000 MW (110 meter hub height)




Wind energy
spatial footprint

(~200 acres/turbine)

Wyoming

Installed capacity* —1,4'
U.S. rank!ll - 15th

Land areal?! - 492 km?

[1] NREL Q4 2016 installed wind capacity maps (http://energy.gov/eere/wind/windexchange)
[2] calculated; 0.33 km2/MW (Denholm etal 2009)
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Abstract

Energy production in the United States for domestic use and expontis predicted to rise 27%
by 2040. We gquantify projected energy sprawd (new land required for energy production)) in

mmwmmpnmt When spacing requirements are induded, over B00,000
km* of additional land area will be affected by energy development, an ama greater than the

size of Texas. This pace of development in the United States is more than double the his-
todc rate of uban and residential development, which has been he grea st driver of con-
version in the United States since 1970, and is higher than projections for future land use
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i~ thiat had not previously sxpenenced ol and gas development at isk of development for
unconventional ol and gas. Renewable enargy production can be sustined indefiniedy on
the same land base, while extractive energy must continually drill and mine new aneas o
sustain producion. We calculated the number of years requind for fossll energy produc tion
1o axpand to cover the same amnsa as renewables, if both wera to produce the Sames amaunt
of enargy aach year. The land required for coal production would grow 10 equal or axcead
that of wind, solar and geothermal enangy within 2-31 years. In contrast, it would take hun-
dreds of years for oll production 1o have the same enengy sprawl as biofusls. Meating
anagy demands while consaning naturs will requine increassd snengy consanation, in
addition to distributed renewable enargy and appropriate siting and mitigation.

Introduction

By 2040, energy produced in the US for domestic use and export is pradicted to rise 27% to
support both domestic and intern ational demand [1]. The challenge of meeting energy
demands while minimizing damaging climate change is widely recognized [2.3], but there is an
additional d'll.“cl'IF that also warrants attentuon -the land wse i.'ni'ﬂ:lc.ll ety nfsruw.i.rl:s CICTgy
demand. The growing land use footprint of encrgy devdopment, termed ‘energy sprawl” will
likely cawse significant habitat loss and fragmentation with associated impacts to blodiversity
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Energy Sprawlin the United States

Table 2. Range of land use efficiency for each energy source.

I

Land-use Efficiency (km?TWhr)

Energy Product Energy Source Area of Direct footprint (lower-upper Landscape-level Impact*
estimates)
Electricity Nuclear 0.13 (0.02-0.24) 0.13

Natural Gas Shale Gas 0.19 (0.12-0.48) 5.08
Tight Gas 0.24 (0.13-0.89) 4.01
Coalbed Methane 0.63 (0.28-0.81) 8.11
Conventional 0.95 (0.82-0.951) 2.86

Coal Underground 0.64 0.24-1.51 0.64

(4.69-16.42)

Renewables (0.34-1.37)
Solar Photovoltaic 15.01 (12.30-16.97) 15.01
Hydropower 16.86 (6.45-86.95) 16.86
Solar Thermal 19.25 (12.97-27.98) 19.25
Biomass 809.74 (557.93-1254.028) 809.74

Liquid Fuel Oil Tight Oil 0.38 (0.23-0.88) 8.19

Conventional 0.56 (0.48-0.66) 2.86

Biofuel Corn 236.59 (192.69-259.00) 236.59
Sugarcane 274.49 (229.24-342.05) 274.49
Soybean 295.91 (235.54-313.33) 295.91
Cellulose 565.39 (125.67-826.49) 565.39

* Energy sources without spacing requirement have the same value for direct and landscape-level impacts.

doi:10.1371/journal.pone.0162269.1002



Species impacts:

Between 368,000 birds are killed annually by wind
development or 3.35 small passerine birds/MW/Year
(Erickson et al. 2014)

e ~5,000 passerine birds/year in WY

Displaces 7 of 9 grassland bird species within 300
meters of towers (Shaffer and Buhl 2015)

Sage-grouse — selection impacts on summer, brood-
rearing within 1.2 km (LeBeau et al. 2017)

Eagles -85 reported eagle deaths from wind turbine
collisions 1997-2012 (Patel et al. 2013)

Bats: 6 bat deaths per MW /year (Arnett et al. 2013)

e ~9000 bats/year in WY
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FIGURE 1: THE MITIGATION HIERARCHY

AC The three-step process of the mitigation hierarchy - avoid >Nt
impacts, minimize impacts (including restoration on-site and
other actions), and provide offsets for remaining unavoidable
o impacts (also often referred to as compensatory mitigation) -
- may be applied to achieve policy goals for biodiversity, '
ecosystem services, or other resources and values.

April 2015



Mitigation Measures Classification

Planning & Siting

Macro Siting

[> Use Areas of Low Spatial Resistance
[> Avoid Sensitive Areas

Micro Siting

Facility Characteristics

Noise Reduction

> Turbine Arrangement & Placement

> Facility Design & Size
> Increased Visibility

[> Sound Barriers

[> Restrictions During Specific Periods

Construction Absence of Animals ©> Physical Barriers
[> Deterrence
. . [> Temporal & Spatial Land Management
Avoid Attraction D Lighting Intensity
. [> Habitat Enhancement
Lurlng [> Habitat Replacement
Operation Deterrence I> Acoustic, Visual & Electromagnetic
. . > During High Abundance
Curtailment & Cut-in Speed [> During High Risk of Collision
Decommissioning [> Dismantling & Restoration
Decommissioning I> Dismantling & Relocation

Repowering

[> Phased Development

Gartman et al. 2016 Journal of Environmental Assessment and Policy
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Abstract

Wind energy offers the potential to reduce carbon em|
economic development. However, wind energy has a lar
energy production, making appropriate siting and nj
unfragmented habitats and those known to avoid verti
Developing energy on disturbed lands rather than placing
cumulative impacts to wildlife. The U.S. Department of En|
development on approximately 5 million hectares to rea
there are ~7,700 GW of potential wind energy available a
disturbance-focused development strategy would avert t|
while generating the same amount of energy as developn
targeted at favoring low-impact developments and creatin
projects impacting sensitive lands could improve public
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Introduction

Within the United States, the world’s largest cumulative
producer of greenhouse gases, societal concerns have shapes
energy policy supporting a dramatic increase in wind energy
generation. The Department of Energy’s (DOE) envisions the U.S
producing 20% of its electricity from wind by 2030, as outlined i
their report “20% Wind Energy by 2030, hereafter “20% vision’
[1]. However, wind energy has, per unit energy, a larger terrestrial
footprint than most other forms of energy production [2,3] an
has known and predicted adverse impacts on wildlife [4 7)
Meeting the DOE 20% vision (~241 Gigawatts of on-shore win
with an additional 64 Gigawatts of off-shore wind) would result i
5 million hectares of impacted land, an area roughly the size o
Florida, with an additional 18,000 kilometers of new transmission
lines [1). While wind generation remains small as a percentage o
electrical output in the United States, it is one of the fastest
growing renewable energy sectors, with more than 356 GW of
installed capacity as of March 2010 [3]. This growth is manifeste
in arrays of turbines that cover large areas, as each turbin
generates relatively little power compared to conventional source:
Wind “farms” have a broad footprint and thus are highls

1@: PLoS ONE | www.plosone.org

OPEN a ACCESS Freely available online

"PLOS One

Wind and Wildlife in the N
Identifying Low-Impact Are
Joseph Fargione', Joseph Kiesecker?, M. Jan Sla

1 The Nature Conservancy, Minneapolis, Minnesota, United States of America, 21
Fund, Bozeman, Montana, United States of America

OPEN a ACCESS Freely available online

Abstract

Wind energy offers the potential to reduce carbon em
economic development. However, wind energy has a lar
energy production and has known and predicted adverse
to some of the world’s best wind resources and to remaini
ecological system on the planet. Thus, appropriate siting
this region. Steering energy development to disturbed lan:
within large and intact habitats would reduce impacts t|
roughly 30 GW of nameplate capacity by 2030. Our

development would likely have few additional impacts of
energy available across the NGP on areas likely to have lo
policies and approaches will be required to guide wind €|
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Abstract

Wind energy, if improperly sited, can impact wildlife through direct mortality and habitat loss and fragmentation, in contrast
to its environmental benefits in the areas of greenhouse gas, air quality, and water quality. Fortunately, risks to wildlife from
wind energy may be alleviated through proper siting and mitigation offsets. Here we identify areas in Kansas where wind
development is incompatible with conservation, areas where wind development may proceed but with compensatory
mitigation for impacts, and areas where development could proceed without the need for compensatory mitigation. We
demonstrate that approximately 10.3 million ha in Kansas (48 percent of the state) has the potential to provide 478 GW of
installed capacity while still meeting conservation goals. Of this total, approximately 2.7 million ha would require no
compensatory mitigation and could produce up to 125 GW of installed capacity. This is 1,648 percent higher than the level
of wind development needed in Kansas by 2030 if the United States is to get 20 percent of its electricity from wind. Projects
that avoid and offset impacts consistent with this analysis could be awarded “Green Certification.” Certification may help to
expand and sustain the wind industry by facilitating the completion of individual projects sited to avoid sensitive areas and

Introduction

The winds on the Northern Great Plains (NGP) are strong anc
consistent, making this one of the most desirable areas for wine
development (Fig. 1). As of January 2012, 5.2 GW of wind energ]
(all GW numbers refer to nameplate capacity) was in operation ir
the NGP (including the southern portions of Alberta anc
Saskatchewan and all of five states: Montana, Nebraska, Nortl
Dakota, South Dakota, and Wyoming), and there were 32 GW
proposed wind energy development [1]. The U.S. Department
Energy (DOE) set a goal of producing 20% of U.S. electricity fron
wind energy by the year 2030 [2]. Nationwide, DOE estimate
that this would require 241 GW of on-shore (terrestrial) win
development. In the NGP states, DOE estimates that this wouls
require 25 GW of wind energy. Similar goals in Canada ad(
another 5 GW, for a total of 30 GW of expected development

Per unit energy, wind energy production requires a much large
area than fossil energy, such that expected wind development i
likely to cover large areas of the NGP. The DOE estimates tha
with expected continued substantial increases in efficiency
additional capacity will require about 1 km® of land to sit
5 MW of wind energy, depending on the quality of the win
resource. Thus, wind energy development is expected to grow t
require approximately 5,000 km® across the five United States th:
compose the NGP. Analogous goals in Alberta and Saskatcheway
would require at least 1,000 km® to be developed for wind. It i
important to note that the ecological footprint of wind def
velopment is likely to be even larger, because many species
wildlife tend to avoid human infrastructure such as wind turbine:

PLoS ONE | www.plosone.org
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protecting the industry’s reputation as an ecologically friendly source of electricity.
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Introduction

Concerns over fossil fuel dependence and climate change have
accelerated the development and deployment of renewable energy
technelogies in the United States. The U.S. Department of Energy
(DOE) predicts that 20 percent of the nation’s electricity could be
generated from wind by 2030 [1]. Although wind energy is a
relatively low-carbon source of energy, wind turbines have, per
unit of energy produced, a larger terrestrial footprint than most
other forms of electricity production [2]. Modern wind energy
development requires approximately 20 28 ha per megawatt
(MW) of installed capacity [1], and the ecological footprint of
wind energy development can be even larger.

Depending on siting, wind energy may cause adverse impacts
on wildlife, resulting in direct mortality to birds and bats, as well as
habitat loss and fragmentation [3,4,5]. Although direct habitat
losses from turbine footings and roads typically entail less than five
percent of a wind energy project area, the habitat values of
adjacent lands may be signi dy diminished. Fr ion is
widely acknowledged to be detrimental to both the integrity of
ecological systems and the long-term viability of associated wildlife
[6,7], and may act synergistically with climate change and other
factors to magnify deleterious effects to species and ecosystems by
limiting the ability of species to adapt or migrate [8,9]

built across native tallgrass prairie to service the facility (Figure 1)
Roads effectively fragment the habitat, restricting movement for
many animals, possibly leading to population level impacts and
genetic effects [10]. Edges of habitat caused by roads may also
create an avenue for predators and invasive weeds and may affect
fire behavior [11,12]. While some bird species seem minimally
affected by the presence of wind turbines [13], certain waterfowl,
shorebird, and songbird species are known to avoid them.
Grassland and shrubland-nesting birds are of particular concern,
because these species are sensitive to human infrastructure and
activity and may be evolutionarily disposed to avoid nesting and
brood-rearing activities near vertical structures such as wind
turbines [4]. Ongoing population declines for greater and lesser
prairie-chickens and the intersection of their remaining distribu-
tion with some of the continent’s prime wind generation regions
compound the concern.

The DOE estimates that it will require about 5 million ha of
land and nearly 18,000 km of new transmission lines in order for
the U.S. to generate 20 percent of its electricity from wind [1].
Given the distribution of wind resources across the continental
United States, certain states, such as Kansas, are likely to
experience a disproportionate amount of development. According
to DOE, however, wind energy production will require only about
3 percent of the land area with commercially viable wind resources

Wind development projects may also result in fr ion on
a more local scale. At the 150-MW Elk River Wind Project near
Beaumont, Kansas, nearly 30 km of new, improved roads were

. PLoS ONE | www.plosone.org

in the conti 1'U.S. This should allow ample opportunity to site
wind energy development away from important and sensitive
habitats

October 2011 | Volume 6 | Issue 10 | e26698
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Human Disturbance (WGFD/TNC 2010)
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Abstract

Conservation of migratory birds requires understanding the distribution of and potential threats to thelr migmtory habitats.

owever, although ry birds are protected under intemational weaties, few maps have been available to represent
migration at a I.mkﬂp! ﬂemﬁlmmmﬁmeﬂrﬂalﬂmﬂnsﬂmnfﬂrﬂwﬂmmﬂm
may affect migratory birds. To fill this we developed models that predict where four groups of birds concentrate o
mmduthmgrdmm;:’lemﬁme USA: raptors, wetland, riparian and sparse grassland birds.
The modek were based on edsting Iterature and expent knowledge concerning bird migration behavior and ecology and
validated using expent ratings and kmown occurrences There was significant age between mig Y OCCurmence
data and migration modes for all groups except raptors, and all models mnked well with experts. We measured the overlap
between the migration concentration models and a predictive model of wind energy development to assess the potential
exposure of migratory birds to wind development and illustrate the utility of migrtory concentration models for landscape-
scale planning Wind development patential is high across 15% of Wyoming. and 73% of this high potential area intersects
important migration concentration areas. From 5.2% to 188% of each group’s important migration areas was represented
within this high wind potential area, with the exposures for sparse grassland birds and the lowest for riparian birds.
Owr approach could be replicated elsewhere to fill critkal data gaps and better inform conservation priorities and
landscape-scale planning for migratory birds.

Chatlon: Pocewicr A, Estes-Tumpd Wik, Andersen MD, Copeland HE, Keinath DA, & & (2013) Modsling the Distritution of Migratory Bied Siopovers 1o infonm
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Introduction

Conservation of migratory birds requires an understanding of
hahitat, behavior and threats faced by birds during breeding,
wintering, and migration, Migration is the most poorly understood
of these anmual aaivities, and of particular imporance B
understanding the distribution of stopovers and pathways used
by migrating birds [1]. Recem techndogical advances, including
telemetry devices, radar, siable Botope analysis, and genetic
markers, permit the wacking of birds during migration [2).
Gengraphic Information System (GIS) modeling s also heing used
mercasingly across huge regions 1o cvaluate conscrvation stracgics
and amess risks to migrating birds [34].

One rik to migrating birds is wind energy development, which
& cxpected to meorease substantially in the United States in the
coming decades due 10 cvolving policies aimed at increasing
renewable energy production [5-7). Wind development can
negatively impact birds through direct mortality from nrbine
collisions, avoidance hehavior, and indirect effects of habitat
fragmentation [B 12], The US. Fish and Wikdlife Service,
Parmers in Flight, The Wildlife Sociery, and the Amenican Bird
Comervancy, among athers, have mised concerna about the long-
term impacts of wind energy on bird popolations [9,13]. Moralin

PLOS ONE | www plosoneong

related o wind wrbines could have especially grear effecs on
declining species and long-bved species with bw fecundity, such a
rapaors [14].

Wind development impacts to migratory birds may be reduced
il facilities avoid major migration stopovers and flyways or if
turbine operations are reduced in these aress durmg peak
migration [13,15]. However, the lack of information on the
distribution of migrasory concentration aress, and their overlap
with wind energy resources, impedes consrvation and proactive
develapment planning [16]. Several smdies have examined bird
migration patterns and modeled sopovers and pathways in the
eastern US, [34], but much less s known abmt migration
patterns in the western US. [17], cspecially in the Rocky
Mountains, Limged regional information exits as incidental
sightings [18], migration counts [19,20], local or species specific
rescarch reports, eg. [21-23), and expert knowledge, bui has not
been gynthesized.

We developed a deductive modeling approach based on a
synthesis of literature and expert kmowlkedge concerning bird
migration, and repeesenied through IS datasets, o map
migratory concentraton areas across the state of Wyoming, We
produced deductive madels due to concerns regarding the qualiy
and quantity of mailkhble cccurrence data needed o generaie

Oaober 2013 | Volume B | Bsue 10 | ef5363



Migration mapping objectives

¢ Developed models predicting migratory
concentration for 4 functional bird groups

*» Raptors, riparian, wetland & sparse grassland birds

“* How much exposure to future wind development?
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Exposure to wind development

Highest 40% of wind potential has 73% overlap
with highest 40% of migratory concentration
(27% - no overlap)
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New wildlife data are emerging daily
from GPS technology
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WIND ENERGY & WILDLIFE:

Site it Right
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Key wildlife areas

- Whooping crane
- Bald eagle

- Lesser prairie-chicken
- Greater prairie-chicken

- Bat caves

:l American burying beetle

DAY s

- Other T&E species
- Playa clusters
- Important wetlands

- Protected areas

- Intact grasslands / forests




Potential restrictions

B ~irfields
|:| Special use airspace
[ ] NEXRAD stations

- Existing wind facilities
- Developed areas
- Excessive slope

- Water and wetlands
- Poor wind resource
- Negative relative elevation
- OK Wind Energy Development Act setbacks
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Results

190 GW of add’l capacity*

>20x DOE study figures

* Kansas and Oklahoma
calculated nameplate at 3 MW/km?

- Low-risk development areas

0 50 100

Lt 1 11 1t 1 1 1 miles




Wind resource

Low-risk development areas
wind speed at 80 m AGL

6.5

m/s

9.0 -Existingwindfacilities Lt 11 1 41 1 | miles




f (&) Central Plains Low-Risk Wind x\+

NOAA € Mesonet

*revised 8/25/2017*

6 ‘@' tnc.maps.arcgis.com/apps/webappviewer/index.htm|?id=789aa65256b744ad9ccd54fb90130ba8
<

c Q Search

nature.org/sitewindright

Q Central Plains Low-Risk Wind

North Contisz
[v|\>: ' pace, t N IQ] Platte
Grand Island
Lincoln
Kearney
L Hastings
Legend X
Study boundary UNITED
| AT £F
D Std@seph
Low-risk development areas (generalized)
Category Manhattan sas
D Low-risk areas TOPEkf dty
AWrence.
Hays, Salina
Gdrden
City
Dtige
Gity Wichita
= liberal Joplin
Enid Ro
Stilly atér Tulsa S|
Fayet
Santa Fe
Oklahotna
Gi Flart
oy Srith

Amarill
Albuquerque

Wichita
Falls

nature.org/sitewindright

Denton

Plano

100km
—
60mi

- -107.512 32.875 Degrees Carlshad

Fort
Worth

1an
Abilene Esri, HERE, Clva‘rr:win, NGA, USGS,
£

About A X

Power purchasers acquiring wind-generated
electricity from the central Great Plains may
meet their renewable energy objectives
while protecting sensitive ecosystems by
selecting projects sited in defined low-risk
wind energy development areas.

This analysis identifies locations in Kansas,
Oklahoma and a portion of Texas where
conflicts between wind energy and wildlife
are likely to be minimal. Importantly, the
assessment factors engineering and land use
constraints so that sites with low
development potential are excluded.

The results indicate that over é million
hectares of viable wind resource in Kansas
and Oklahoma may be developed without
significant negative impacts to wildlife.
Collectively, this area is capable of yielding
over 190 GW of electrical capacity,
approximately 20 times greater than the
combined state figures detailed in the U.S.
Department of Energy's 20% by 2030 Wind
Vision Study Scenario.

Visit nature.org/sitewindright for additional
information.
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Mitigation Measures Classification

Planning & Siting

Macro Siting

[> Use Areas of Low Spatial Resistance
[> Avoid Sensitive Areas

Micro Siting

Facility Characteristics

Noise Reduction

> Turbine Arrangement & Placement

> Facility Design & Size
> Increased Visibility

[> Sound Barriers

[> Restrictions During Specific Periods

Construction Absence of Animals ©> Physical Barriers
[> Deterrence
. . [> Temporal & Spatial Land Management
Avoid Attraction D Lighting Intensity
. [> Habitat Enhancement
Lurlng [> Habitat Replacement
Operation Deterrence I> Acoustic, Visual & Electromagnetic
. . > During High Abundance
Curtailment & Cut-in Speed [> During High Risk of Collision
Decommissioning [> Dismantling & Restoration
Decommissioning I> Dismantling & Relocation

Repowering

[> Phased Development

Gartman et al. 2016 Journal of Environmental Assessment and Policy
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Summary

 Energy sprawl is a concern and footprint of wind
development is high

* Analyses support development on existing disturbance

 Wyoming has world-class wildlife resources and open
spaces. Maps for “smart siting” exist. New wildlife
data are available and emerging to develop updated
“lower risk” maps

 QUESTION: What, if any, opportunity exists to
influence siting of future development, including
proposed projects?



