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EXECUTIVE SUMMARY

For WV1I;
The ohjective of this project was to examine the obstacles and constraints to the deveiopment of
wind encrgy it West Virgimia as well as the obstacles and constraints to the achievement of the

national goal of 20% Wind by 2030

For the portion contracted with WVU, there were four tasks in this exammation of obstacles and
constraints;

Task | involyed the cstablishment of a Wind Resource Council. This task was completed in
May 2010. The Principal fnvestigator was involved in regular communication with the members
of the Wind Resource Council. This communication regarded outreach activities, technical
assistance activities, snd the planning of Wind Working Group meetings in 2010 and in 2011,

Task 2 involved conducting limited research activities. These activities involved an ongotng
revigw of wind encrgy documments including decuments regarding the potential for wind farms
being located on reclaimed surface mining sites as well as other brownfield sites. The Principal
[nvestigator also examined the results of the Marshall University SODAR assessmient of the
poteitial for placing wind farms on reclaimed surface mining sites.

Task 3 invoived the conducting of outreach activitics. These activities involved working with
the members of the Wind Resource Counail, the staff of (he Repmonal Wind Energy Institute, and
the staff of Penn Futere. Tlhis task also involved the examination of the importance of

transmission for wind encrgy development. The Principal Investigator kept informed as to
transmission developiments in Fastern United States. The Principal Investigator coordinated

outreach aciivities with the aclivities at the Center for Business and Economic Research at
Marshall University.

Task 4 involved roviding technical assistance., This task involved the provision of infmmation
to vaneus parties interested in wind energy development, The Prncipal Investigator was
available to answer requests from interested paties regarding information regarding both uttlity
scale as well as small wind development in West Virginta. Most of the information requested
regarded gither the permitting process for wind facilities of various sizes in the state or
information regarding the wind potential in various paris of the state.

For MU:

This report describes four sub-categories of work done by the Center for Business and Economic
Research {CBER}Y at Marshall University under this contract, The four sub-projects are: 1)
research on the impacts of wind turbings on residential properiy values: 2} research on the
interration of wind eneriey i rerional transmission systems; 3) review of state-based wind
legislation in consideratton of model new policy optivns for West Virginia; and, 4) promotion of
wind facilities on tormer surface mine sites through development of a database of potential sites.
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The report titled “FINDINGS ON THE IMPACT OF WIND TURBINES ON RESIDENTIAL
FROPERTY VALUES: A Reference Guide as of 20117 provides 2 summary of information
gleaned from seven studies conducted over the last five years that have attempted to quantify the
effect of wind facilities on property values. Two of the studies included were contracted by a
wind developer, two produced by real estate appraiscrs, one by a US Department of Energy
laboratory, one from en American university and one from a British university. Impacts to
individual propertics were found te be neutral by the wind developer and the laboratory, negative
by the appraisers and the Amencan university, and uncertain by the British wmiversity, This
report was provided to the WV Association of Counties and the County Commissioners’
Association of WY,

The report titled “Integration of Wind and Flectricity Supply: A Review of Recommendations™
summarizes the fundamental issues surrounding the topic of wind integration, and describes what
electricity delivery experts say are ways to address these issues, This eftont focused on PiM, a
large regional transmission operator with many interconnection poiits, making it an important
pattictpant in the supply of electnety 1o muoch of the eastem LLE, The study concluded that
current recommendations to mtegrate wind focus targely on methods of operating the system to
ensie reiiability and to cover the costs of balancing the electicity delivery system to
accommodate varability, This report was provided (o the WVPS(,

The report titled “Wind Siting {ssues and Policies in PIM States™ attempted to address the debate
over whether states should actively promote wind siting by assuming centralized control over the
process. The study concluded that due to signtheant differences in geography, demographics,
wind resources and access to electricity markets that State policy is only one of several
influcncing factors and pre-empting local decisions is not recommended. [t was also made clear
from this rescarch that wind developers are choosing to utilize local siting processes when given
an option to use a pre-empting state process in states such as Washington.

The fourth sub-project was conducted jointly with Marshall’s Center for Environmental,
Geotechnical and Applied Sciences (CEGAS). Using estimated wind speed data purchased from
TrueWind overlawd with GIS data for surface mines in West Virginia CEGAS produced a
database of sites with wind speeds exceeding six m/s. This analysis resulted in a list of 123
surfice mining perinits consudered to have development potential and to be worthy of
assessment. OF those sites, 29 are estimated to have wind speeds of seven mi's or greater. Thig
data was presented at the West Virginia Wind Warking Group Meeting in September 2011 and
was supplied to the WV Divigion of Energy. As a result of this work, a SODAR assessment 13
currently being perfonmed on a surface mine in Fayette County, WV,
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INTRODUCTION & BACKGROUND
For WVU:

The objective of this project was to examine the obstacles and constraints to the deveiopment of
wind enerpy it West Virginia as well as the obstacles and constraints to the achievement of the
national goal of 20% Wind by 2030, The four tasks in achieving this objective were the
establishing of a Wind Resource Couneil, conducting researels activities, conducting outreach
activities, and providing technical assistance to all interested parhes.

For MU-

The four categories of research under this project all relate o energy efficiency of electricity
generation by discussing select issnes refated 1o wind power development. If wand energy is able
to displace fossil-foeled etechicity this would reduce the amount of fossil fiuel required 10
provide electricity to the U.S, The series of reports produced under this project discuss issues
that could potentially affect the ability to develop wind projects, by making it easier or harder to
site facilities, and the availability of evidence to support a decision.

The impact of wind facilities on property values is a consistently raised as a community concem.
This is a legitimate cancern as homes are the primary asset of many households. Some wind
proponems advocate streamlined siting, a component of which is the economic impact on
residential properties and such evaluation muost be done to get a permit, It some parts of the U5,
such as the eastern and Midwestern regions, wind turbines are sited fairly close to homes Jdue
when communities exist in windy arcas. The objective of this research was to provide a
definitive assessment as to the quantitative results of relevant valuation studtes and the
expectation of impact. Unforfunately, the results highlight the difficuities with conducting such
analyses and defining & set of expeoctations for @ homevwner. The studics done to datc do provide
some very useful analysis for an approach to siting that would minimize any negative impact by
paying attention to the proximity of homes and turbines, e.g. viewshed and orientation.

The objective of the integration paper was to sumntarize the fundamental issues surrounding the
topic of wind integration, and describe what electricity delivery experts say are ways to address
these issues. This subject is important because if wind can’t be integrared etTiciently jts
generation will not offset the avoided environmental effects from the mining, deilling, and
hazardous waste storage associated with using fossit fuels at 2 level worthy of subsidizing the
respurce. The research presents evidence, based on experts currently studying the issue that
etficient integration of wind will be chalienging,

State wind siting policy is sometimes looked to as a means to expand wind development faster
than what occurs 1n the absenee of specific State laws with that intent. Faster wind development
is seen by some 10 be important because wind may be the resource most likely to meet the
objectives of renewable portfolio standards, Some alse contend that having a State position on
wind development is important due to the unigue space-occupying charactenstics of wind
facilities. Although State portfolio standards do not require that wind resources be used to
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camply. a future need to use renewabie esergy could make wind development more of a public
necessity, This report iz a qualiative review of state siting policy and other reponts that describe
the siting process, The ohjective of the review was (o formulate an opinion on whether policies
thay aliow for centralized siting decision-making is superior to policies that teave siting decisions
to localitics. If centralized siting 15 move etficient and can altow more projects to be gited sooner,
than such methods sheuld be promoted nationwide. This stady concluded that while siting policy
conld be streamlined and made more efficient. there is little benefit to removing the role of local

decision-malers,

Surface-mined lands are nearly ubiquitous in West Virginia. Many of these properties are remote
and have few developments opportunitics once mining is complete, Some of these sites possess
commercial-svale wind resources that if developed would bring additional income to landowners
and make the land productive. Diesktop analysis of the bocation of surface mines and estimated
wind speeds has produced o sel of propertics that arc candidates for ftare wind assessment and
one site is currently being assessed.

The principal investigator for this project was Christine Risch. Dr. Calvin Kent served as a
reviewer and advisor, Chnstine has more than 12 years of energy-related work experience and
has worked on wind subjects for six vears, including the property values issue. Dr. Kent has
more than 25 vears of experience in energy work and also has extensive expericnee with Federal,
state and [ocal policy-making througl his work with the U.S. Department of Energy and the
Wast Virginia and South Dakota legislatures. Additional CBER researchers who contributed
were Emily Hagan and Elizabeth Easthan.

The repouts produced under this project were alse reviewed by Dr. Alan Cotlins of West Virginia

Uiniversity, George Catico of Marshall University's Center for Environmental. Geotechmical and
Applied Sciences and Jeff Herholdt of the WY Division of Energy.

RESULTS AND DHSCLUSSION
For WYU:
The results for the WVU portion have been previously addressed within the Executive Summary.
The resnlts include the establishment of 2 Wind Resource Council, the conducting of ontreach
activities, and the provision of technical assistance.
For MLJ:
This section describes the work done to support the conclusions reached for each sub-picce of
the project. Initial project objectives were somewhat different than final outcomes due o the

availability of information in other research projects. The analytical processes used for the
progect are summanized below.
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Property Values

This work comments on the state of analysis, whicl is based on limited available data, The
objective of the rescarch was to identity a quantitative methodology that could explam likely
tmpacts in 2 way that is ransferable o other locations. By reviewing information presented by
other researchers this report was able to conclude that data coliected to date is too dissimilar to
apply to homes near any particular wind factlity. The repott provides a concise set of information
on study results thal can be used as a reference guide.

Primary concluding points are:

. Defined area is very important for this topic, as being five miles from a wind turbing is
very different than being half o mile away.

' Agprepate findings are not usctul for properties located very near a wind turbine,

. Relatively few property transactions have occurred very near (less than one mile} tucbines

and the chspersion of those transactions combined with the complexity of proparty [eatures
makes it ditficult to accurately ohserve trends or correlations,

. Many characteristics of a property create value in combination; without observing all
characteristics acrass comparable properties in similar geographic arcas the contribution of wind
turbines o value can’t be measured.

. Properties in poor condition mav be more negatively impacted by turbines than properties
m good condition. Evaluating wind facility impacts near groups of homes that are below-average
is morc complex duc to a likely teodency for turbines to be located on tower value land in an
area.

. The limpact to an individual property is a function of site-specilic varfables including
existing property features, topography, geographic features between a property and a turbine and
orientation in relation to turbines and prevailing winds,

* Although they do ot move, analysis of high-voltage transmission lines could provide
some indicators of where and when impact tnay be negative,
. To better understand the impact of wind turbines on property values more transactions

data must be collectad and evahuated according to indusiry standards.

System Integration
This work provides a review of broad recommendations made to successfully integrate wind into

the electricity transmission system. An onginal geat of the project was to provide quantified
information on the efficiency of wind that has been inteprated to daie, to be able to report on
whether fossil ptants have been forced to operate less efficiency because of wind, Through this
research it was discovered that such an evaluation has not yet been done for the PIM region,
although considerable research has been done on reliability issues. Another objective of the study
was to pravide a review of technologies being recommended to he depioyed to address the 1ssue,
However, it was discovered that while rechnology selutions do exist, few on-turbine components
or other specific technologies are actually being recommended for immediate deployment.

The report was able to provide a suminary of recommandations necessary to maintain reliability.
whicl are very similar 1o what would be needed for efficient intezraton, Most recommendations
o integrate wind regard modifyving and expanding the existing operating system and the
protacols that povern how and which plants are dispatched and re<hspatched throughout the
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daily electricity domand cycele in response to price signals, transmission constraints and foad
patterns. The challenpes of wind integration exist in multiple time periods, with second-to-
second stability affects that conld be resolved with modifications to on-turbine technolegy,
minute-to-minute balancing affects that could be resolved with 2 combination of on-turbine
technology and very fast-acting reserves, howr-to-howr toad-following affects that could be
resolved with ample supply of flextble generation and responsive load, and longer-term unit
comnmitment affects that can be reduced through meorporation of reliable wind forecasting data.

The report also deseribes markef-based integration recommendations such as FERC-proposed
changes in tarifts paid to owners of transmission and PIM’s lost opportunity cost protocols for
calculation of payments made to generatars that are curtailed due for reliability reasons. To
develop an understanding of such tecommendations as they emerped, the project PI participaied
i the PIM Intermittent Resotirces Task Foice teleconference calls.

The report describes the characteristics of wind that cause the efficiency and potential reliability
issues, An example of data presented to iflustrate the nature of wind include Table 2 from the
report, which shows how aggregate wind output can sometimes be negotive during high Joad
times of day. Figures 3 and 4 shows how wind output and clectricity load often follow differcnt
patierns.

Based on this review the report concludes that reliability has not been compromised due to the
mtegration of wind, however it can’t be coneluded that efliciency has not been compromised.

Wind Sitine Policy

This work reviewed wind-specific power plant siting policy in regional states plus the states of
Waslungton and Oregon, which are considered by some o have hnitable models of effective
siting policy. Statcs with total local autonomy over wine siting can have high levels of installed
wind {Texas) or none {North Carclina). The report concludes that due to sigmficant differences
in geography, demographics, wind resources and access 10 electricity markets it appears that
State policy is only one of several factors influencing levels of installed wind. The resgarch also
concludes that impesition of centralized state wind siting autharity that can override tocal
decisions, particularly when local preferences are alrcody in force or iocalities already have
experience working with wind developers, is likely to encounter opposition and be unproductive.

These conclusions were reached atter comparing data on state-level wind installations with
popriation density figures and estimates of resottrce potential. In spite of the conclusion that
states should not asswme centralized siting authority, this report highlights several 1ssues with
factlity siting that could improve the process. These highlights are not unique to this report but
were gleaned from other studies of the subject and based on interviews with industry. These
highlights are snminarized below.

Many clements of an application to acquire a permit are not well-defined. The report concludes
that reducing uncertainty for developers and for potential mvestors is a positive goal. lmproving
the permiiting process through clarification of requirements, including mitigation and whether
mitigation is sufficient, is a superior strategy to encourage mnvestment compaied o imposing
centralized siting. For some impacts, the ability to produce clarity is dependent on other
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decisions that may be ourside the realm of local government, ¢.g. whether wind twbines threaten
bat populations.

Most wind facililies are already sited using tocal permitting 1ather than state permitting. The
report concludes that even in States such as such as Washington, Oregon and West Virginia
where State authorities offictally overnde local decisions, local input is just as important for
development, Siting requirements are also not the only factor influencing the rate of facility
construction at the state level; proximity to demand centers and transmissica, relative installation
costs and topography are also very important factors. n spite of having relatively small amounts
of developable wind, several PIM states have relatively high shares of that wind developed. This
result is supperied by Table 1 of the report presented as Appendix A, Table [ compares state-by-
staic levels of installed wind capacity with esiimares of porential capacity based on available
windy land ares for states that are at least partially within the PIM service territory. The data
shoyws that Pennsylvania, where siting decisions are made entirely by localities and West
Virginia, where siting decisions are made entirely by central authorities, had similar portions of
their cstimated potential wind developed at the end of 2010,

The report also provides a matrix of regional state siting policy specific to wind compared to
moclel states with centralized sitng policy. This is Table 2 of the report, titled “Comparison of
Wind-Specific Siting Guidelines by State (MM States + WA & OR)” and is presented as
Appendix B,

The permitting process can he improved by developing tocls to evaluate aesthetic impacts. A
primary recommendation of the National Research Council and re-stated in the report is that
policy-makers develop a better understanding of wind projects that have refatively wadespread
aesthetic acceptance relative to those that are less accepted. This s 2 potential follow-up research
projeci.

Wind Resource Opporiunities on Surface-Mined Lands

This work was conducied jointly with CEGAS, who provided GIS services for the project,
CEGAS collected estimates of potential wind speed from TruePower and overlaid that data with
locational data for current and former surface mines in West Virginia, CBER collected
ntornnation 1o wanslate wind speeds o capacity factors, which was then used o rank the sites
that arc potentially developable. Sites with estimated annual average wind speeds of at least six
meters per second were included, which resulred in a set of 122 <ligible permits located
throughout the state. The database of sites was supplied to the WV Division of Energy.

A vomphmentary co-project Is also curently assessing wind on an active surface mine using
CEGAS s SODAR (5Oinic Detection And Ranging) equipment. This site was identified using the
GIS data overlays from this project combined with industry contacts maintained by CEGAS and
the WVDOE. Assessment began in Mareh 2011,
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ACCOMPLISHMENTS

The following accomplishmients were made by WYL

Attended the Wind Powering America Summif in Dallas. Texas in May 2010, At thal meeting.
the Principal Investipator reported on wind energy development in West Virmma,

Autended the Star Symposium [sponsorad by the West Yirginia Higher Education Conunission)
at Marshall University in September 2010, At that meeting, the Prineipal Investigator served on
a panel on the Future of Energy.

The Principal Investigalor planned and coordinated the Wind Working Group meeting at the
Canaan Valley Resort and Contarence Center in October 2010, There were 55 attendees at the

Wind Working Group meeting,

Attended the Wind Powering America Summit in Anaheim. California inin May 2001, At that
inecting. the Principal Investigator reportect on wind energy development in West Virginia,

Attended the West Virginiz Brownfields conference in Morgantown, West Virginia on
September 2011,

The Principal [nvestigator planned and coordinated the Wind Working Group meeting at the
Caaan Valley Resort and Conference Center in September 201 1. There were 50 attendees at the
Wind Working Greup meeting,

Attended the the Regional Wingd Energy Institute meeting in Washington, DC in October 2007,

The Principal Investigator made a repost on the status of wind energy in West Virgima,

The following accomplishments were made by MU

The primary objectives of this project were to define and present the facts of the debate
sorrounding the efficiency of wind generation in the electric gnd and the technical
recommendations made to optimize that integrabion and disseminate that information 1o
beneficial parties, Other objectives were to maintain current knowledge of permitting
requirements and events related to residential property valuces near wind facilities in the Eastern
U, 5. and to share that information with concerned partics, These objectives were accomplished.
The Pl has completed three reports discussing the current state of these issues, The reports have
been posted to the CBER website and have been shared with potentially interested organizations.

A database of surface mines that could have wind resources that are strong enough for
development was created and supplicd to the WWVDORE, thus taking the first step necessary to
promoie this resouree on what 15 otherwise largely idle lands. The wind assessment work, while
not directly tied to this project, was a significant complimentary effort that benefited from work
urder this project.
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During the course of this project the CBER also made three prescntations on the rescarch topics.
Two presentations were given at the WY Wind Warking Group meeting and one at the Southern
Alhance for Clean Energy/Appalachian Regional Comimission fall meeting in Washington, DC.
The project Pi was also interviewed for two State Joumnal arhicles on the integration topic and
one West Virginia Exeentive article on geperal wind tssues.

All research reporis and presentations are available on CBERs websige:
ktipofweww marshall edw/cber/rescarchfindex htm

CONCLUSIONS

For WVL:

There still exist barriers to the development of wind énergy in West Virginia, However, these
barriers seem to be lessening based on the fact that the total MW in wind energy capacity
mereased fiom 330 MW to approximately 600 MW during the life of this research project.

1t 1s reasonable to presume that West Virginia will attain 1,000 MW of wind energy capacity by
2015, However, given the recent [2010] estimate of available wind capacity of 1,880 MW, i1 is
also reasonable to presume that it will take another decade [2025] tor West Virginia to attain
L5000 MW of wind energy capacity.

Despite the exisience of barricrs [e.g.. the relatively higl cost of constructing wind farms in
mountainous termain], West Virginia has several advantages:

+ The existence of a specific protocol for acquiring a siting permit. This protocol ts under
the jumsdichion of the Public Service Comnission.

« Counties and local jurisdictions do not have the power to enact elevation ordinances.

s  The nuisance litigation which was prevalent in the first three wind farm projects virtually
disappeared in the last hwo wind farm projects,

For MI:

Below are summary sentenees from each sub-project that the P has detenmined best reflect the
overall conclusions for each issue studted.

The impact of wind furbines on property valucs: Many characteristics of a property create value
1 commbination: without observing all characteristics across comparable properties in similar
geographic areas the contribution of wingd turhines 1o value can’t be measured. Relatvely few
property transactions have oceurred kess than one mile from turbines, and the dispersion of those
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transactions combined with the complexity of property features makes it difficult to accurately
observe trends or correlations,

The ahilitv to efficiently integrate wind energy into the regional transmission systein: Curent
recommendations to integrate wind focus largely on methods of operating the system to ensure
reliability and to cover the costs of balancing the electricity delivery system to aecconunodate
varizbilily. The challenges of wind integration exist in multiple time periods, with second-to-
second stability atfecrs thar could be resolved with modifications to on-turbine teciinology,
minute-to-minute balaneing affects that could be resolved with a combination of on-turbine
technology and very fast-acting reserves, hour-to-hour load-following affects that conld be
resclved with ample supply of flegible generation and responsive load, and longer-term unit
commitment affects that can be reduced through incorpotation of reliable wind forecasting data.

Review of state-based wind legisiation in constderation of model new policy options: Significant
differences in geography, demographics, wind resources and access to electricity markets makes
it clear that State policy is only one of several factors influencing levels of instalied wind.
hopositon of centralized state wind siting authorily that can overnide local decisions, paricnlarly
when local preferences are already in force or localites already have experience working with
wind devetapers, is likely to encounter appaosition and be unproductive. The farge majority of
wind pemmits arc sought utilizing local inpul even whenr given a centralized choice.

RECOMMENDATIONS

For WL,
MNone

For MU:

The impact of wind turbines on property values: Because not enough quantitative research has
been conducted to date to provide definitive answers to homeowners regarding potential impacts
of wind tuirbines to property values, no stataments regarding the direction of expected impacts
should be presented to homeownes that reside near a turhine, Additional data on proparty
transactions near turbines should be collected and analyzed in order to provide better
informatzan.

The ahility to efficiency inteprate wind energy into the regional transmission system: As much
work on the topic is ongoing, staying current on information as it is released and the decisions
made by system operators and FERC is necessary to provide future commentary and advice. The
project PLintends o devote at much time as possible to this issue aver the next vear.

Review of state-based wind legislation in consideration of model new policy options: Ettorts
focused on increasing clarzty for developers in terms of penmit requiremenis and land use options
wonld be a better use of resonrces than imposing centraitzed siting. Providing policy-malkers
with information on which wind projects have relatively widespread aesthetic acceptance relative
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to those that are less accepled is a potential follow-up research project that would promote best
practices for siting.

Wind Resource Opooctunities on Surface-Mined Lands: The results of the assessment work on
surface mues should be publically released.
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Appendix A
—____ Tabte 1: Contparison of Installed Wind Capaciry and Potential viz AvaHable Land Area, Seleeted States
Population Instatled  Potential  Windy Land % Windy Ratio Installed Instafled KW /km2
State (2009} MW MW Area {km2} Aren Instaled KW per ¥W/sgmi  windy area
e {2010) . _gigﬂahle Potential Capita _ _ L

West Virginia 1,319,777 431 1,283 1,495 25.2% 22.9% 0.24 17.90 288.26
Pennsylvania 12,604,767 743 3,307 2124 31.1% 22.6% Q.06 16,70 352.36
Delaware 867,934 2 10 37 S.1% 20.0% 0.00 1.02 54.05
Washingten 6,664,195 2,206 18,479 11,533 31.0% 11.9% 0.3 2315 18487
Tennessee 6,296,254 29 ain 360 17.2% 94% 0.00 .70 80.52
Oregon 3,825,657 2,104 27,100 17,110 31.7% 7.8% Q.55 21.92 12297
New lersey 8,791,894 8 132 281 G 4% 6.1% 0.00 1.08 28.47
Maryland 5,773,552 70 1,483 558 52 2% 4.7% 0.01 7.16 123.24
Minois 12,830,632 2047 249 282 70,764 70.64% 0.8% .14 36.83 28.53
Indiana 6,433,802 1,335 148,228 46,255 64 1% 0.5% 0.21 37.33 23.95
Michigan 9,583,640 164 58,042 19,761 50, 8% 0.3% 0.02 2.88 8.30
Ohio 11,542,645 11 54,920 17,150 63.9% 0.0% .00 0.27 0.64
Virginla 7,882,590 a 1,793 1,567 22.9% 0.0% .00 0.40 0.00
Neorth Carolina 9,380,884 g 808 1,156 14.0% 0.0% .00 ALY 0.00
Kentucky 4,314,113 )] 61 49 24,004 C.0%6 0.04) 0.00 .00

SOURCE: AWS TruePower and MREL estimates of windy land area and wind energy potential for areas with »= 30% capacity factor at S0m.
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Tabie 2: Comparison uf Wind- Speclfm Sltlng Guudehnes by State {PJM States + WA & OR)

State ﬁuthmit-,r for Si Siting

Delaware Departiment of Natural
Resources and Environmental
Control regulates offshore wind

Format Land Use Guidelines at Local | Mandatuw Wind-Specific State-lmposed |

Level

Elements of Development Process

| Local regulation of onshore SiGing; reming

applies,

Law prohints unreactonable restrictlons on the
installation of wind facifities that qualify for
support under the state Green Energy Fund the

Delaware development but daes not contral State Energy Office, Low defines a et of
onshore siting restrictions that are permitted to be used Including
o sethacks, noise, and appearance.”
The lndiana Utility Regulatary Local regulation only, MHone,
tndiana Commission approves construction
. | of all power plants.” - )
None. Lacal regulation anly, Wind facilities are Law has set maximum setback limits for turhines
linois aften considered a “special use” in areas installed for an-site end users.”
| zoned for agriculture.
The Kentucky State Beard on Electric | Local regulation for prajects smaller than 10 | Mome,
Kentucky Geneta.tjnn and Transmissign Siting | MW,
and Siting Board for powar planis
with & capacity of 10 MW or more, B
Maryland Public Service Commission | Onshore wind facilities are permitted locally | Facilities are exempt from the MD PSC process only |
Marvland far facdities of 70 MW and greater if smaller thaa 70 MW, Lacal zoning includes | if publlc hearngs are held.®
arylan mlnimum setback restrletions in at least one
munt\r
Michigan More. Lol regulatmn anly. "u"aTIDl.IS- lesgind Mohne. -

ordinances apply.

LINC state Urnverslty 2011)

*{U.5. Fish & Wildlife Service; Association of Fish & Wildlife Agencies 2007)
* {Graat Lakes Wind Collaborative 2010}

*{MC State University 2011)

* {Fanning & Zontng Commissian of Allegany County 2008)
® {Public Service Commission of Maryland 2008)
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New Jersey

Mew Jersay Dgp_artment of
Ervvirarimeital Protection

Morth Carcling

The North Carolina Wtilities
Commission

Ohio

The Ohic Power S|tmg Baard for
facilitias & MW or karger

Local regutation of onshora sitirg.

[ tocal regulation of on nshore siting. Vartious
local ordinances apphy.

[ Local regilation for pr prﬂjects cts smaller than
R,

Oregon

The Qrggon Energy Facility Sitng

Council (EFSC) for projects greater
thar 105 MW. Developers have the
oplion of seeking local approval or |
having the Council make the [
deter mination, 10 E
i
§

Law prevents placement of unreasanable mts on
small wind energy systems related 1o height
restrictions, sethacks and naise limis and allows
wind pgropects 1o get vartances from local

ﬂrdlnances due to considerathon lhat v hind
LA ;f

Law Iirits 1 rldge!lne u:le".reloprn ent of structures
taller than 40 feet. Although the |aw lists
“windmilis* as being exempt thees s disagreement
| aste whether thls applies t¢ modern turbines, 5

i

State sinng law includes mandatory sethack
requirgments. i addilion 1o providing infarmatlan
raquired of alt electricity generators the applicant
must provide informatlon on the impacts of: ke
l;hmw bBlade shn’:err_I shadow flicker 9 .

[ Although the Council's decislon presmpis

lpeal authorty most projects are penmitted
locally. Local ssning neludes various county-
level setback requirements, flicker
regulations, and noise standards. Local

b permitting trigeers mandatory State

ervirpnmental and wildlife Impack studles,

Sltlng standards Include requlremen[s to prove the
prublic is protected from turbine blade and
glectrical harards, that the need for new access
roads has besn minimized, that artificial raptor
hatritat will not be created and that public access is
restricted, Faciflties up to 300 MW are elighble for
grpedited review.

Pennsylvania

MWange. Power pla;t developtnent i
considered a land use decision and
siting approval lies primarike with
local povernments.

. Local 2oning varies by county and

mdtitipality. Sorme ecunties hayve ao 20ming.

Wore. State law enables local authorities o
regulate development, 11

1 ..

Virginia

The Yirginia State Corporation
Camemissian {SCC) The WA

Department of Environrmental
Ciusality {DECY has authority aver PER |

| applications.

Lacal zoning applies, mchudlbg masimle
heght restrictions i at least one county.
Local government cerkification of

compliance with land-use ardinances |5 a

j_pre-req uiﬁiﬂur pecimt by rule coverage.

Prl:aj.e-:ts with capagity of 100 MW or l245 that a;apl',r
via permit by rule (PER] are exempt from SCC
authorlty. PER applications can receive expedited
approval, Law requires submission of the results of
year-lang taptot Cmigration and bat seoustic

" {MEC State University 2011}
T {Kirnrey 2002)
* [Great Lakes Cotmmission 2009}
¥ (Oregon Department of Energy, Energy Facility Siting Council n,d.)

" [Fermsylvania Department of Conservation and Matural Resources)
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Washingtaon

surveys. Local ordinances must be consistent with
state energy policy. 12

The Energy Facility Site Evaluation
Coundcil (EF3EC) 15 a centralized siting
agency for all pawer planis over 350
megaw atis.

T Most wirtd facilities are permitted lacally.
Lecal permitting triggers an automati state-
level envircnmental review.

Wind projects smaller than 250 MW are exempt
fromm EFSEC jurisdletion unless they opt into the
process 13

West Virginia

The Wesk Yirginia Public Service
Crmimission approves development
of all electriaity generation fagjlities.

&g,

Law requires applicant to file copies of the results
of 5pring and Fall avian migration studles Including
ighting sludies and rlsk assessments 14

Y (0.5, Fish & wildlife Service; Association of Fish & wildlife Agencies 2007)
LS. Fish & Wildlife Service: Association of Fish & Wiidlife Agencies 2007)
Y [west Virginia Public Service Commissian |
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Tabde T Some Recent Key PR KTS Wind Satistics
i . | H_ Time of
MW Date of Event Event As of Date |
Wind Capacity | 4,711 . - June 2011
Max Hourly Wind (2011} : 3,774 © Febtuary 13, 2011 7-&pm Aungust 31, 2011

Min Hourly Wind (2611} | -10.0 August 29, 2011 &-Tpm August 31, 2011 |

Max 2011 RTOQ Load | 157.803 July 21, 2011 4-3pm Juby 21,2011

Min 2011 RTO Load ;| 50,650 Aprl 24, 201§ 4-5am July 27, 20] 1
Max Hourly Wind (2010) ! 3,387 Detober 28, 2010 | 1lam-12pm _
Min Hourly Wind (2013} -1.0 August 1%, 2010 I]am-12pm J
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Wind Siting Issues and Policies in PJM States

hotivation

The U.S. Department of Energy (USDOE]} bas stated that increasing the uniformity of reaulatory
requirements across regions would greatly facilitate the increased deployment ol wind projects
necessary to reach its national goal of 20 percent wind generation by 2030 (USDOE: EERE
2008). 1f this zoal is to be met, wind development must occur quite rapidly in the next few years.
Implementing increased uniformity of facility siting would fall to federal and Stale entities. The
states of Washington and Gregon are considerad by scme to have induced greater levels of
installed wind capacity due to their centralized siting policy cotnpared to states with siting
approaches with heavy local decision making {Bohn and Lant 2009}, However, duc to significant
differences in genoraphy, demographics, wind resources and access to electrieity markets it
appears that State policy is enly one of several influencing factors.

State palicy may accomplish goals faster than local policy.

State wind siting policy 15 somectimes fooked W as 2 means to expand wingd development laster
than what occurs in the absence of specific State laws with that intent. Faster wind development
is seen by some 1o be important because wind may be the resonrce most likely 10 meet the
objectives of renewable portfolio standards. Although State portfolio siendards do not reguire
that wind resources be used to comply, 2 future need to use renewable energy could make wind
development more of a public necessity.

It i3 110t gasy Lo site 2 wind facility. A recent report completed by TeleNomic Research for the
LS. Chamber of Commerce states that it is just as difficult (o site a wind factiity as it is w site
conventional power planis. The report lists the threc primary reasons for siting difficulry as “Not
in My Back Yard™ (NIMBY) activism, a broken permitting process, and a system that allows
limitless challenges by oppanents of development (TeleNomic Research, LEC 2011

Most wind siting decisions are made by the localtties where the facilities wifl be placed. This is
fogical as it is contended that localities recejve a large share of the impacts of a wind facility,
both positive and negative, and should have the dominant role in a siting process. However, in
30me cases states may feel that policy goals may be usurped by communities with wind
resources ihat do not want to host wind. States may then consider using policy that bypasses
local decision-making to allow greater and quicker facility siting. Such policy may not produce
the most desirable resulis. For one, it is clear that even in states such as Washington wind
developers are choosing to utilize local siting processes when given an option to use a pre-
emjing state process. One of the primary concens regarding wind facility siting is aesthetic
impacts, which are unique to each project and locality and are frequently inadequately addresssd
by rezulatory review processes (National Ressarch Counci! of the Matonal Academics 2007,
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Few states have an official position on wind siting, Maine is one exceprion. The State of Maine's
wind energy act stafes that “it s in the public intercst o reduce the potential (or controversy
regarding siting of grid-scale wind energy development by expediting development in places
whers it is most compatible with existing pattemns of development and resource values when
considered broadly atthe landscape level”™ (OLR Research Report 2011},

Wind developmen can be promoted by cstablishing renewabie energy zones where developmernt
is “pre-approved.” e.g. in parts of the Columbia Gorge, or by disallowing passape of local
ordinances that restrict development, e.g. Delaware (NC State University 201 1), States and
localities can also discourage wind development by passing urdinances that indircctly disallow
turliine ercction, such as height restrictions ot sethack distances that remove large quantities of
windy land from developer access. Most often, when localitics pass wind ordinances it is to
discourzge wind {Environmental Law Institute 201 1),

Several states have developed model siting ordinances that provide volunlary recommendations
for wind siting. Such ordinances are typically developed by s collaborative process involving
both industry and government. Having an ordinance doesn’t hecessarily mean any wind
development occurs. The North Carolina Wind Working Group created a model ordinance. but
ihe siate has not vet developed any commercial wind capacity due to local ordinances that
restrict ridge-top development.

A 'wind overlay zong” such as the Columbia Gorge Bi-Siate Renewable Energy Zone
({CCBREZ) seeks to attract wind development to a specific area determined to be ideally suited
{o host turbines. The CCBREZ is a local cifort that markets itself to wind developers and wind
compoenent manafaciurers and oflers agsistance in Weatifying potential locatton incentives.

It is believed by somc that having a formal Suate position on local wind siling authority is
postant because of the quantily of fand that wind facilities ocetpy compared to conventionai
powee plants {ELT 2011). As stated by the Environmentdal Law fnstitile “m the absence of state
fegisiation defiring local wovernment powers and setiing stavudards, wing siing may fobor wider
o handieap as each locality independently works ot its own approaches {(ELT 201117 However,
same counties with heavily developed wind have no zonmg at all, e.g. Somerset County, PA and
Grant County, WV. In West Virginia most counties do not have zoning authority.

Many elements of an jcation ir ertnit are not well-defined.
Permitting 5 an mpoertani step in the wind development process that is directly correlated with

ahility to get project financing, A site permit must be acquired betore a project will be financed
(Reilly 201 1),
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Most of the process of acquiring a permit to site a2 wind facility is no differgnt than what is
required for other types of power plants. Elements of a permit application requare the following
issues 1o be addressed in some combinalion: economic pnpact, environimental impact, wildlife
impacts {may be voluntary), viewshed inpacts, cultural impact, noise impact, shadow flicker,
historical preservation, construction impacts, public health, e.g. setbacks from roads, homes or
property lines (state or local}, electromagnetic interference. Some elements such as shadow
flicker, setbacless and cenlain wildlife impact assessments are specific w0 wind rbines but the
majority of requirements apply to all eleciric generators,

Many application requirements, particularly those relaed v wildlife and viewshed. do not
specify what impacis are acceptable and what will lead to permit denjal, and may frustrate permit
seekers. Viewshed impact is an evaluation element that can involve sehjectivity because il must
often be done on 2 case-by-case basis. Especially tor the initial wind facilivy applications, fow
staies and developers had experience with viewshed evaluation and no standards were in place.
The National Academy ol Sciences states that many project reviewing boards possess a “lack of
understanding of visual methods for landscape analysis and a tack ol clear puidelines for
decizion making (National Research Council of the National Academies 2007)."

In Oregon, a state known for having wind-friendly siting policy, law was crealed to protect
seenic values that loca) or federal land use plans have identified as impartant {Orcgon
Department of Energy, Energy Facility Siting Council n.d.). Because the standard only considers
applicable land use plans, such plans mast be formally in place to be determined to be affected or
not, When plans are not in place, evaluation may become more subjective and difficult to
ascertain whethor a developer has submitted enouph inlormation with which o make a decision.

Some of the most controverstal aspects of wind urbing siting are setbacks from houses. Few
homeaowmers would choose 1o reside within a quarter mile of a turbing 1F given the choice, but
sefbacks of more than & quarter-mile olten make projects impossible to build due to the greatly
restricted fand area. This is an especially true in the East and Midwest as rural commimities are
more prevalent in windy argas, contrary te the Northwest where windy areas are [ess populated.

In a recent nattonwide study of the effects of 1,345 wind turbines on property values. 70 of 125
observed properly transactions within one mile of a wind twrbine were in PA and NY (Hoen, e
a, 2009). The study concluded that there is no evidence of wind facilities causing & nogative
impact on residential property values. The study tliustrates some of the differences in siting
conditions between the East and the West as none ol the observed transactions within one mile of
a turhine were in Washington or Oregon, and only four were in Texas. For transactions between
one and three miles from a wind turbine only 20 of 2,019 transactions were in Oregon and
Washington. Of the 1,345 rbines evaluated in total, 582 were in Qregon and Waszhington but
very few were actually ¢close enough to hames to be a nuisance. While this study is aot a
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compicte picture of geographic diversity and the proximity of turbines and homes, it illustrates
the importance of geography in creating different conditions between states, speciticalty the
differences that exist between wind development options in the Eastern vs, Western U5, and
shows thal it is not appropriate o compare these areas in terms of the siting process.

Some developers have stated that the biggest obstacte the wind industry is facing when it cames
to developing renewable energy projects. specifically on public lands, is uncertainty relating to
permitting created by the ULS. Fish & Wildlifc Sarvice™s 201 [ “Eagle Guidance™ language
{Reilly 20113 Due Lo the expertise required w accuraely evaluate wildlife impacts this is an area
of decision-making that determimation should be made by State and tederal entities that
specialize in biclogy. Until final decisions are made thiy issue will contintue to cause vncertzinty
{or development.

Reducing uneermainty for developers and for potential investors is a positive goal. Developers in
generai desire clearly specifted requirements and waiting periods that define a clear path that if

fotlowed will lead to the approvals necessary for deveiopment. This is the objective behind iaws
such as Virginia's Permit by Rule (PBR) (Virpinia General Azsembly 2009%,

The Virginia PBR is an expedited permitting process used by its Deparmment of Environmental
Quahity (DEQ) onigimally for certain solid waste facilitics that now applies (o wind and other
renewable power generation facilities up 10 108 MW. The rule lists the eriteria that an applicant
must meet and submit i order for a permit application to be evalvated, Other than the DEQ, ne
other state agencies need be directly involved, reducing ihe complexity of the process, althongh
development must still comply with [ocal ordinances {Wampler 2011). As al'late 201, the PBER
process had not yet been utilized (o site a wind project in Virginia.

A PBR-style “onc-stop shopping™ application via & central siting entity is a simpler process than
tnany but does not mean a developer can by-pass local approval 1o get a siting permit. The
original intent of many central energy facility siting boards is to serve all power generation
factlities, 50 the need is based on the broader industry, The decision ta have central siting is tied
(o state developmem histories and the relationships that evolved between state and [ocal
governments.

host wind facilities are sited using local peemitiing rather than state permitting.

In most states, local authorities approve siling decisions. State permitting decistons officially
override local decisions in 4 few states such as Washington, Oregon and West Virginia. Even in
states with central authority local decisions are just as important {or development. Ultimately,
wind developers must work closely with [ocal juorisdictions in ali stages of developmend and
more ofter than not choose o pursue local siting when given a choice. Local is important
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because the presence of wind facilities primnarily impacts the immediate arca, contrasted with
fossii plants with emissions and water consumption that impact a much larger area,

States with wotal local autonomy over wind siting can have high levels of installed wind {Texas)
or none (North Carolina). States that want to encourage wind development generally do not
allow [ocal autonomy and instead define the scope of local siting decisions (Environmenta) Law
Institute 2011). But even among states such as Washington ithat have state permitting noi all
development is approved by the state; in Washington most facilities are approved by county
grovernments rather than via the central siling process {Environmentil Law Institute 207 1)

Siting requirements are also not the only factor influencing the rate of facility construction at the
state level: proximity to demand centers and transmission, refative installation costs and
topography are also very important fctors, In spite ol having relatively small amounts of
developable wind, several PEM states have relatively high shares of that wind developad.

Table | compares statc-by-state levels of installed wind capacity with estimates of potential
capacity based on available windy land area for states that are at [cast partially within the PJM
service territory. The data shows thal Pennsylvania, where siting decisions are made entirely by
iocalities and West Virginja, where siting decisions are made entirely by central authorities, had
similar portions of their estimated potential wind developed at the end of 2010. Federal lands are
not included as part of wind potential. This comparison focuses on states in the PIM region
because PIM is one of the primary entities chatged with implementing integration of wind
energy into the regional electricity system. In 2011, additional wind facilities cane onling in
Yirginiz, West Yirgimia and several other states, New projects were announced in several states
including Morth Carolina.
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Table 1: Camparison of Installed Wind Caparity and Potential via Available Land Area, Selected States

Population  Installed Potential  Windy Land %% Windy Ratio instalied Installed KWikm2
State (2009] I A Area (km2) Area Installedf KW per KW/ sqmi windyarea
R {2010q) Available Potantial Capita
West Virzinia 1,819,777 431 1,883 1,405 36300 22.9% o.2a 1790 288.26
Pennsyhrania 12,604,767 748 3,207 2,124 31.1% 22.6% 0.08 16.70 35236
Delaware 897,034 2 10 37 5.1% 20.0% .00 1.02 54.05
Washington 6,664,195 2,206 18,479 11,933 2105 11.9% 0.33 33,15 184 27
Tennessee 6,206,754 29 310 250 17.2% 9.4% 0.00 0.70 8052
Oregon 3,825,657 2,104 27,100 17,110 3. 7% 7.8% 0.5% 7192 12297
MNew Jersay 8,791,804 3 132 281 9.4% 1% o.ch 1.08 28.47
Maryland 5,773,563 70 1,483 c58 52 29 4.7% 001 7.16 173.24
lilinois 12,830,632 2,047 248,882 70754 70.6% 0.8% 0.16 36.83 28,93
Indiana b.433.802 1,339 148,228 45,255 63.1% 0.9% 021 37.33 28.95
Michigan 9,823,640 14 54042 19761 O RO 0.3% o002 2.89 2320
Ohip 11,542,645 il 54,020 17,190 &3.00f 0.0% Q.00 0.z7 0.5t
Virginia 7,882,590 qQ 1,703 1,B&7 22 0%, 0.0 Q.00 0.40 .00
MNorth Carolina 9,330,854 0 508 1,156 14,08 0.0% 0.09 0.00 0.00
Kentucky 4,314,113 0 61 49 24.99% 0.0% 0.00 0.00 0.00

SOURCE: AWS TruePower and NREL estimates of windy 1and area and wind energy potential for areas with >= 30% capacity factor at BOm,
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Table 2 compares wind-specific elemernts of permitting processes in PIM states with Washington
and Oregon and indicates which states utilize 1ocal control of the process, These irems exclude
enviroumental compliance associated with construction, e.g. storm water runofl, [l placement,
etc. and other clements of siting applicable to all power plants required by state public service or
utility commissions. Washington and Qregon are included to compare the mandaiory state
requirements,

The permitting process can be improved by developing tools to evaluate aesthetic impacts.

Compared o even five years ago, wind developers now have pood experience with oblaining
permils and have suceessfully recoived permits in most PIM states, Localitics that don't wam
wind are seiting ordinancas that effectively prevent development, [n Eastern states, much of the
undeveloped windy areas are [ocated on Federal lands with uncertain appraval processes,

L.ocal is what matters most in wind siting. Counties and towns greatly influence the ability to site
facilities. The poal of reducing uncertainty for developers behind the concepl of “permit by rule™
applies to many states and types of power plants, Assessing the visual impact of wind facilities
must be done on a case by case basis, but processes exist that can reduce subjectivity. Tha
National Research Council in a publication chapter litled “Tmpacts of Wind-Ensrgy
Development on Humans™ has developed a site of questions that if asiced could help cvaiuate the
potential for nepative acsthetic impacts, Examples of hese questions are: “Are projects at scales
appropriate to the Tandscape context?” and “How great s the offsite visibility ol infrastructure?”

It has been recommended that policy-makers develop a better understanding of wind projects
that have relatively widespread aesthettc acceptance relative to those that are kess accepted. This
type of understanding applies to historical and recreational sites as welt as landscapes and would
require zuidance lrom experts in these areas (Mational Research Council of the Nationat
Academies 2007).

Imposition of centralized state wind siting authority that can override local decisions, particolarly
when local preferences are already in force or localities already have experience working with
wind developers is likely 10 encounter opposition and be unproduetive. Improving the permitting
process through clarification of requirements, including mitigation and whether mitigation is
sulficient, is & superior strategy 1o cncourage investment. For some impacts, the ability to
produce clarity is dependent on other decisions that may be outside the realm of local
goverament, e.g. whether wind furbines threaten hat populations.
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Table 2: Camparison of Wind-Specific Siting Guidellnes by State (PIM States + WA & OR)
| State Authority for Siting | Formal Land Use Guidelines at Local | Mandatory Wind-Specific State-impased
Level Elements of Development Process
Delaware Department of Matural Local regulation of cnshore sig, ooning Lawr prohibats unreasonabile restrictions on the
fesources and Emanonmental apphes instaliateen of wine faciliees that qualdy for
Cantrgl regulates offshore wind support under the state Green Energy Fund the
Delaware
development but does not Sontno State Energy Office Law defines a set of
orzhore siting restrictians that are permitted to be used Including
1. o sethagks, nose, and appearance
The indiana Bty Fegulat ey Local regulation only Mane
lndiana COMmMISSIon approvas Construcign
of allﬂg_wer plants 1
Mone Lecal regulation only Wind facilities are Law has set masimum satback muts for turbines
Hlinois often considered 3 Vspecial use” m areas installed for on-site end users *
. zoned for agriculture
The Kentueky State Board on Electric | Lacat regulation for projects emaller than 10 ] None
Generation and Transmusson Siting KW
Kentucky
and Siting Board for power plants
with acapacity of 10 MW or more
Maryland Publc Service Commssion | Onshere wing facibiies are pernmitted lacally | Facehbies are exenpt from the MD PSC process only
Maryland For Facihities of 7 MW and greater iIEzmaligr than 70 W Local somng ineludes | of public heanngs are held k
minemum setback restrctions moat least ane
county ®
Michigan Mane Lecal regulation only Yarmus local Hone
ordinances apphy
Mew lersey Department of Local regulatwon of onshore siting Law prevents placemeant of unrezsonable himils on
Enviranmetal Protection small wind epergy systems related to heght
restrctiong, sethacke and nalse imits and allows
New lersey wrnd projects te get vanances from Yocal
ordinanggs due to considerstian that wind
generatian 15 an “mhergntly beneficial vse © !
Morth Caroiina The Marth Caraling Utilities Local regulziion of crishore sling Yaroers Lawy [imits ridgelme development of structures

! {NC State University 2011
? {5 Fish & Wildlife Sernce, Association of Fish & wWldife Agenties 2007)
i {Great Lakes Wind Collabarative 2010)
* [N State University 2011}
: (Planning & Fonwng Commussion of Allegany Caunry 3089)
& {FPubic Service Commmssion of Maryland 2002)
d {WC State Unmversity 20011}
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Commissoa.

local ordinances apply

taller than 40 feet Although the faw hsts
Twindmls" as being exempl there 15 disagreemeant
as to whether this applies to modern turhines ®

Chio

The Dhio Power Siting Board for
facilities 5 MWW o larger

Local regulation for projects smaller than §
IR

State sting law includes mandatory setback
requrements n addittion bo providing infermation
requited of &l &lectnety generators the appheant
mieest provade infarmation an the impacts of e
throw, ade shear, shadow fhcker *

Oregon

The Qregon Energy Fagility Sing
Councl (EFSCH for progects greater
than 105 MW Developers have the
option of seeking local appioval or
hawving the Caunal make the
determination 1

Although the Council's decisigon preempls
lacal authorty most projects are pernitted
locally Local zonme ncludes varales colntys
level setback reguirements, fhcker
regilanions, and noise standards Local
permitting trggars mandatory State
envircnmental and wild| e rmpact studies

Sitng skandards include reqlirements ko prove the
public 15 protected from turbine blade and
electrical hazards, that the need for new aceess
rpads has beer eminimized, that actificlal raptor
habitat wall not be created and that public access 15
restricted Facthties up to 300 MW are elipible for
expedited review

Pennsylvania

Mone Power plant development 13
considered a land use decrson and
siting approval hes pramanly with
lacal gavernments

{ocal zomng vanes by covnty and
mumicipality Sorme counties have no tening

Hone 3tate law enables [ocal authonbes ta
regulate development u

Virginia

The Virginia State Corporation
Cammmssion [SCC] The va
Departrment of Envircnmental
Qualy (DEQY has sutharity over PER
anplicabwns

Lewzal zoming apphes, including maximum
helght restnctions in at least gne founty
Local government certification of
cormpliance vwith land-use oednances 1sa
prerequisite for per it by rule Coverage

Propects with capacity of 100 MW or lets that apply
wvia permat by rule [PBR) are exempt foom SCC
authortty PBR applicatons can receve expedited
appraval Law reqeres submission of the results of
year-long rapgtor migration and bat acoustic
surveys Local ardinances must be consistent wath

! state enerpy p.;"ﬂl B

Washington

The Energy Facility 5ite Evaluation
Council (EFSEC) 15 a centralized sibing
agency for all pewer plants over 350
megawatls

| Most wind fanlities are permutted locakhy

Local perritting triggers an autamatic state-
lewel erviranmantal review

¢ Wind projects zmnaller than 350 MW are gxernpt
frown EFSEC junisdichon unless they apt into the
process ™

West Virginia

The West Yargmia Public Service
Corimisien approves develéprment
of all electncity generation faciltes

Mone

Law requires applcant to file copies of the results
of Spnng and Fall awian migration studees including
Iig htng stisdies and risk: 3ssEs5Meants b

E lamrey 2008

? {Grest Lakes Commission 2009)
Y [Cregon Bepartrient of Energy, Energy Facilty Siting Councid n d §

M I Pennsylvania Department of Conservabien and Matural Resources]

(U5 Fish & Wildlife Sernice. Association of Fish & Wildlfe Apencies 20074
13 (U § Fith & Wildlife Sarvice, Aszociation of Fish & widlife Agenties 2007)
- [West Wirgimia Pubiic Sgrusge Cormrmssmrn}
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Integration of Wind and Electricity Supply: A Review of Recommendations

Latraductinn

This paper seeks 10 summarize the fundamental issues surrounding the topie of wind integration,
and describe what electricity delivery experts say are ways to address these issues. This effort
facuses on PIV, a larpe regional transmission operator With many interconnection peints,
malking il an important participant in the supply of electricity in much of the eastern U5, PJM iz
curcently conducting its Nirst system-wide variable generation integration study.

Delivering electricity that includes wind power 15 more complicated than delivering if without
wind. From an enginecring standpoint it is more ol a challenge. Mote resources have to be
committed to maintaining stability. which reduces overall efficiency, depending on the type of
resource committed. Managing stability has implications tor both short and long-term, With
variable resources such as wind, the system must prepare for more real-time fluctuation in both
supply and dernand while without variable resources supply is morg controlled. LUtilizing wind
also complicates planning for future power adegquacy as wind paiterns vary from year to yeat,

What is successful wind integration? Successiul integration allows elesiricity consumers 1o 1ake
ndvartage of wind's most desirable attributes, primary that its marginal production kas near-zeio
CO%15. enissions or water consumption, Successiud integration also does not waste fossil
resources to accommodate wind, As the amounit of installed wind has increased, it has been
observed that the marginal costs of wind (0 the system are greater than the marginal cost of
iurbine operation due to the variable nature of wind and the resulting dependence on other
generators in the systewn for balance (FERC 2011). Power plant dispatch decisions are based on
margiial cost, which does nol include the indirect costs of maintaining system reliability at other
plants, a portion of which can at times be attributed o wind. 1f coal plants, especially older coal
plants, are used to balance wind’s variabiliry then integration will be more costly {Puga 2010).

Much of the literature of wind integration studies argues that successtil integration is not a
quastion of reliability, but a question of cost and efficiency (DeCesaro, Parter and Milligan
2009, The North Amcrican Electricity Reliability Corporation (NERC) has studied balancing
authorities with high wind penetration levels and state that variable gencration “has notl
appreciably affecied the reliability of the bulk power system” (NERC 20180}, Delivery of
electricity can be managed with wind, provided that total supply is maintained regardless of what
power wind is contributing. Others argue that the overscheduling of non-wind rescurces required
1o cnse reliability with higher wind penetration creates a less reliable system because of the
increase in dispatch instructions (Forbes, Stampini and Zamphbelli 20103,

So why tiy to integrate wind when using fossil resour¢es is easier? It I easier to engineer a
reliable elecrricity delivery system with stored fuel, But fossil resources arg finite, not
sustainable and underpriced relative to the externalities that they generate. Fossil and nuclear
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energy reguire [arge quantities of watcr to operate and fossil fuels release emissions into the
aimosphere. Many are concerned that the price of fossil fuels, and thus the price of electricity are
tot high enough to reflect the external ities created by extraction and eniissions and that plysical
veliance on these resources is excessive relative to the eventual necd o replace them with
sustamable resources. Ghiven the societal tevel of these issues, and the benefits of sustaining
electricily consumplion choices, it is appropriate for povernment to support alternatives.

Wind energy is available in large quantities and can be converted inte electricity with
conventional lechnology. 1T is thus ong of the best prospects for widespread installation of
renewable energy production capacity. However, the inflexible rature of much of the incombent
electricity infrastructure and the variable nature of wind (remendously complicaie the ability to
efficiently wtilize wind energy. These feawures complicate system operations in many time
periods: real-tinse, near-term (hour-to-hour), sheri-term (day-ahead} and long-term {years).

TFhere arc many studies and reports published on wind integration {Campbell 2000) (GE Energy
2010) (NERC 2008) (NREEL 20103, This paper {ocuses on effounts in the PIM [nterconnecton as
West Virginia and its electric utilities are part of the PIM and West Virginia is located centrally
in the region as presently defined. As PIM operates a very large systenm., its success with
integrating wind will itpact the destiny of the resource. PIM is also clesely connected with ather
large systems focused on infegrating wind, including others that also use five minute markeis
sirch as the Midwest Indspendent System Operator (MIS0) and the New York (SO {NY1S0).
Strong connactions (o other large ulilities such as TV A in ihe scuth arc also maintained. Figure !
shows the PIM dispatch territory,

Miegre b OSWnsd Facthibies 10 TREYD T evetais

REOTE Lachiree feanscl not vopreeernt
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I SEeAeTEer S 1 IR regeit
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Froow Wind Impacts the Systesn

The variable rature of wind impacts ihe way elzetricity is controbled on the system. Increased
variability is experienced by the systern in multiple time periods and affects system operations at
the local level, the balancing area leve] and the inferconnection level, Because it is
asynchronous’ wind decreases the inertia on the svstem and contributes o imbalance of both
voltage and frequetcy, rva key elements of the electricity system that are managed
instantancously with automatic controls {NERC 201104,

The population of studies that assess the impact of wind on systems are typically divided into
three (ime periods: regulalion” (very short-ferm; up to 10 minutes), load-following (10 minutes to
several hours) and unit commitmend {lenger than an hour but up to a day or more in the future}
{DeCesaro, Porter and MilTigan 20090 B ig important (o acknowledge that wind, amd ather
variable resources, are net the only lype of plamis that have such system inpacts. Some types of
fossil plants, including coal plants, may also ereanz a nead for regulation due w an inability 10
respond to an antomatic generation control signal (Milligan 20113,

Wind in the system looks like negative load to the system operator (PIN 201 1), The quantity of
load needed fo be served by non-wind resources is referred 1o as “net load™ to illistrate the
changed shape of whal must be supplied. A system with integrated wind needs the ability 1o
more actively deploy load-tollowing generation or mare load-management capability {UISDOE:
EERE 20083, As a system operator manages avallable sencration on its svstem to balance load H
is optimizing the mix of resources based on both economic and reltability crileria. The process is
termed “sccurity-constrained ceonomic dispatch™ referring to the dispatch of the generators in
merii-cost order as long as reliability is not compromised. Tie optimizalion process considers the
level of power likely to be available m the near-term from all plants. Coal oF natural gas
resatrees are often econcemically curtailed because of wind but they are curtailed or re-
dispatched because of other coal and gas plants as well, depending on relative margtnal cost and
transmission ¢onsirainis.

Itegration includes the ability 1o prepare for up and down wind ramping and to contrel wind
generation via dispatch instructions, including the ability to curtail it when avaltability of other
generators may be reduced i they are cuntailed o acconumodate wind. To achieve reliahility
most ¢ffectively the dispatch process must have the option to curtail wind. Although wind
curtgilment reduces the eHectiveness of renewable mandates, plaining for some wind
curtailment as opposed 1o 2ero is more efficient for the systom as a whele (NREL 20109,

Overall, integrating wind means more changes in owtpui by conventional generators to balance
the demand and supply of electricity (MREL 2009, This induced cycling by conventional

! Asynchrencus geneators ofien opcrate with a rolationat speed that is slower than the spead of the uiiliey grid to
which they are connecied, thus reducing system inertia and frequency response,

P PIM describes “regulation” as the capability of 2 specific rzsource with teak-tinte conriol g response sapabibily to
metease of decraase its output in espanise o & control signal to contred for frequency deviations.
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Zencrators causes increased fuel consumption per unit af generation, likened w the difference in
fuel economy achieved by automobiles in city stop-and-go driving vs. highway driving {Inhaher
201400, City driving is much less etficient than highway driving and a frequently cycling fossil
nower plant ts less efficient than one producing a stable output. However, i is very difficult to
atiribite how much system-wide cveling is due to wind when it ts the interaction between all
types of zenerators (that deterntines actual dispatch,

For example, a report on the interaction between wind and coal generalion in Colorado tlustrates
that on few days in 2008 wind generation caused coal plants to cycle to the point that they
emitted mora than they would have if they had nod been curtailed (Bentelk Energy 2010). That
interaction may have been substantially different if matural gas prices bad not been high on
September 28-29, possibly causing less gas penetation o be on-ling and thus Teaving the cycling
to coal planis, Nominal Celovado industrial natural gas prices were $15.93/mef in September of
2008, the second highest monthly price of the decade; Cetober 0l 2008 had the highest price of
the decade {ET1A 2011).

The Colorado incident is a good example of what can bappen with wind, bul it is a very short-
term example and is not representative of daily events (Prager 2010}, [t illustrates well the
iinporiance of the tolal peneration portfolio. the gecgraphy of that poitfolio, the size of the
balancing area. the relative prices of fossil firels, and the timeframe being evaluated. A
comparable incident has ot been reported in the PIM region.

Wind is expeeted to decrease the required capacity of conventional generation for some regions
by an amount equivatent 1o 20 to 23 percent of installed wind {New York Independent System
Operator 2010). However, due to wind-induced ey¢ling that already oceurs, it will be difficaltto
displace alt the fuel used to produce a MWh af conventional generation for every MWh of wind
generation. Tn PIM, wind has primarily displaced coai-fired generation. with natural gas sceond,
but it has also displaced petroleum-based fuels, land-fi1l gas, municipal salid waste, hydra,
nuclear, system imports and even wind power (Monitoring Analytics 2014},

Much thought has been given to whether wimd generation will increase the need For various tvpes
of gystem reserves used to maintain reliability. The answer depends on the type of reserve and
the level of wind in a systent. Contingency reserves, the spinning reserves in place to make up
for the unexpected loss of the larpest penerator ina system, have been predicied by most o be
unchanged because of wind {MERC 2010, NREL 2010, NY1S0 20104, However, an increase is
expected in at least one ISO, the New England [0 (GE Energy 2010). The required continpency
reserve in various systems is in the range of 1,200 to 1,700 MW but the level of installed wind,
and the associated poiential ramping ina 10 or 153-minuee period cowld create g need for
contingency reserves. For this particular set of conclusions the NYISO looked at integration of 8
GW of wind while the NEISO looked at 12 GW. Contingency reserves must be spinning, i.2.
they must be online and avatlable within 2 few minutes, because of the nature of ungxpogted

outawes.
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NERC recommends that with ingreasing penetration of renewables balancing authorilies should
permit contingency reserves 1o be used more mequently o correct energy imbalances, NERC
specitically states that contingency reserves be used more often to balance a loss of wind

peneration (MNorth American Electric Reliability Corporation 20110,

It is widely stated thar wind generation increases need for regulation services (GE Energy 2010,
Mational Renewable Energy Laboratory 2010}, Regulation is used to control for frequency
deviations on the grid and must be provided by resources with real-time telecommunications thai
are capable of changing owput very quickly in response to a regulating contrel signal.
Regulstion service is provided in a very short time frame, ie. seconds to less than 5 minutes, and
must be provided by spinning reserves. Because regulation is the most expensive of the
balancing services this is a cost assigned to wind integration (Hines 20103,

MY IS0 determined that integrating 8 GW of wind would not impact system reliability but would
increase necd for regulation services by nine percent per GW of wind (NY150 2010). Table |
shows the results of the Eastern Wind Integration & Transmission Study, which maodels the
amount by which PIM’s regulation reserves might naed to increase tn [our wind expansion
scenarios, from 1,055 MW that would be required in the absence of wind power (NRELL 20100.

Falde 1 Jasiorn ¥Wimd Endegrasion %eugds - Selevd Soenn: o Roeaali

Additiooat Total Additional { PJFM Wind 1% Wind
. ' ‘ . . {icography of
EWITS | Regulstion | Installed | Regelation | Penetration Penetration Wind
Scenario | MNeeded in Wind in as ¥ of | (% ufannval | (% of annwal Development
PIN rIM (MW | Wind MW energy Iy caergy DY) P
Scenaria | 939 MW 22 669 4.1% 7.8% 2P high quality on-
| shore resomcos.
roch in Midwest
Scenario | |, 304 MW 33,192 3.9% Fl 1% R fewer Midwest
2 rescurces plus
gonee offshiors
Scenario § 3408 MW 78,736 4.3% 25.6% 20% [move eastern
3 development plus
\ aguresuive off-
share
Seenario | 4355 MW 03,758 4.6% 30.5% 00y VEIY MLEIEISTVE
4 [ { on- and off-shote

As part of s cffort w idencity the quaneity of additional reserves needed due o wind PIN is
mohitoring wind ramp data for maximom op and dows ramping. As of Jure 2011, the maximuwm
13-minete downward wind ramp experiznced in PIM was 550 MW and the maximuin 15-minute
upward ramp was 608 MW {PIM 20111, For a 60-minute period the maximum down and up
ramps were 1,005 MW and 928 MW respectively. Based on these observations, and with current
wind capacity of zbout 5 GW throughout the system, the need for additionat contingency
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reserves in PIM ftas not been observed. However, moving 10 22 or 33 GW of wind could change
this. As the amount of wind capacity grows, the ramping observations are likely to increase.

Lodividual utilities are also working to infegrate wind. Because wind generation can impact
individual plants by causing them 1o cyele their output more or to be curtiiled to below their
ideal operating level, some uiilities have been developing imtegrated resource plans for wind and
fossil assets for several years. Such plans characterize the impact local wind generation may
have on system operation and reserve requirements {Xeel Cnergy 20031 PacifiCorp conducted a
wind integration sludy in 2010 and determined that both regulation and load following resetve
services increase with higher wind penstration compared 1o load only (PacifiCorp 20110,

The Natare ol Wind in IM

Wind turbines are onc of only a few asynchronous, or induction, generalors on the system,
mecaning that they can add to or draw power rom the grid, They are of variable speed bt
provide a constant frequency clectnical output (Vittal 20103, Wind turbines have no inertia but
add power 10 the system which affects the synchrenizing capability of conventional generators,
thus affecting both the voltage and frequency of the system, thus increasing the necd for
regulation reserves in order 1o maintain stabifity. Wind turbines also take power from the system
al fow wind speeds. As shown in Table 2, the minimum hourly agerepate wind outpat in 2014
was actually negative (PINM 2011).

fakls D nwome event Kes VY W UG Rl Siatnddes

Time of

i

MW Date of Event As of Date
Eveni
Wind Capacity | 4,711 - - June 2011
Max Hoorly Wind (2011) | 3,774 | Fehmary 13, 2011 T-Eprn Aupust 31, 20k ]
Nin Hourly Wind {2011) | -10.0 August 29, 2011 G-7pim August 31, 2011 |
Max 2011 RTO Lead | 157,803 July 21,2011 4-5pin July 21,2011 |
Min 2011 RTO Load | 30,650 April 24, 2011 4-5am Jubve 21, 20114
Max Hourly Wind (20I0) | 3,387 Ocrober 28. 20010 | Tlam-12mm
! Min Hourly Wind (2020) -1.0 August 19,2010 | 11am-12pm

Total installed wind capacity in PIM was 4,711 MW as of June 2011 (PIM 2011). As of August
31 the maximum hourly average wind power generated in 2011 was 3,774 MW between 7 and
Bpm on February 13 and represented almost 80 percent of total wind capability in the RTG. The
minimeem wind output for 2011 was =10 MW, occurring between 6 and 7pm on August 29,
Output data is net of curtzilment, although as of 2010 PIM had rarely curlailed wind, and had

done so manaally (PIM 20103,

Figure 2 provides a year's worth of maximum daily wind output, ilusteating seasonal changes.
Because wind is Iess available in the sommer months. and because the peak load n PIM is in the
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middle of summer, more non-wind rescurces muest be available to meet load during the suramer,
This data also illustrates the greater range of wind output in many winter, spring and fall months,
variability {or which the system oparator must be prepared for,

Fiaare 2 Yiasinnees Puadis Wind Gugpur s POV RN AV
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A longer-term impact of wind's variability is the effect on system planning. Because annual and
seasonal capacity factors vary from year 1o year with weather, deciding what level of capacity
credit’ should apply varies by regionai standards. PIM ailows the peak season capacily factor of
[3 percent to apply for planning purposes, a fgure based un actual non-curtailed wind ocutput
(PN 2009%. Plants with capacity credin are considered a capacity resource by PIM, have
capacity interconnection rizhts and can receive payiments for participating in PIM s Capacity
Markel (PTM 2009).

The challenges of short-term integration are illustraied with diurnal, hourly peak wind outpurt.
Wind docs not usually peak when load peaks, ie. wind and load peaks are not coincident, As
shown in Figore 3 wind peaks most often around midnight and is thus aut of phase with foad
during the morning ramp up and the evening ramp down. The frequency of peak load by hour of
day in PIM is shawn in Figure d.

* Capacity ceedit is the portion of instatled capacin allowed 1o count tawsard tots] system capacity. inctuding
installed reserve marvging, needed to enswre that encweh capacity is available to meet folore peak Joad,
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Combining informatton from the graphs above further illustrates the seasonal divergenes of wind
output and demand for electricity. Maximum eleciricity [oad is seen in July and August, in 2010,
wind power contributed between zero and 5.4 percent of hourty load a PIM,
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PIM has not yet completed its own wind integration study but has inftialed a study via a contract
with GE Energy that will be complete in late 2012 {P1M 20110,

The PIM Rencwable Integration Study is has two pirimary goals:

17 Detenmine for the PIM balancing ares, the operational, planting and market effects of

large-scale tutegration of wind power as well as mitigation/facilitation measurss availzable
1 PIM. and

2) Make recommendations for the implementation of such mitigation/facilitation measures.

Some specific issues the study is expected to address include: cntry and exit of supply resources,
wind forecasting including output variation in areas with complex terrain, future fossil fuel
prices, price response characteristics of demand resources and operating costs for new and
existing units {PIM 20100,
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Recommendaiions

blany of the recommended methods o integrale wind, such as combining balancing areas and
expanding use of mtra-hour markets, are already part of the trend toward greater interconnection
in electricity supply. Other proposed solations, such as energy storage and demand response
have also been promoted for decades. Such resources if deployed routinely to reduce peak load
would reduce reliance on system reserves provided by fossil resources, thus allowing the benefits
of wind energy o be more fully realized. Bul as these non-traditional resources are slow (o
develop and physically limited, utiliies are obligated to Gind other ways of serving whatever load
is ot the sysiem and to do g0 within the numerous relisbility constraints set by NERC.

htost recommendations o mteprate wind regard modifying and expanding the exisiing opeeating
systern and the protocaels that govern how and which plants are dispatched and re-dispatched
throughout the daily electricity demand cycle in response to price signals, transmission
constraints and oad patterns. Many protocols require echnoiogy to be successtul, hut are not a
technology solution, while some technologies such as fast- or slow-ramping energy slorape are
partial soiutions in themselves.

NERC has evaluated the potential impaci of variable resource integration extensively. Many of
its recommendations focus on the potential effects of using non-conventionzl resources, such as
demand-side response and encrgy storage, as reserves (o balance wind’s variation. These include
strategies (o optimize this contribution such as ensuring that appropriate commumnication exisis
between such resources and the system operator, adjusting rediability standards to expand the
types of resources that are atlowed to provide various reserves and services, and developing the
currect price signals [or those services (NERC 20100

Most on-turbine technology options that could e used o reduce wind’s short-run conteibution to
system variability are only partial sofutions to integration and are not broad |y recommended for
immediate implementation. The recomimendations closest to being implemoented are regulatary,
larpely to be imposed by the Federal Enargy Regulatory Commission (FERC), or market-based
and designed to improve the fairness by which vartable and fossi! resonrges are compensated in
the markeipiace. Because FERCs rode is 10 regulade transmission services, which must be
scheduled by gencrators prior to generation, recommcndations related w its rules kargely invalve
changes in tarifls paid w owners of transmisston.,

Peritieabany Recmpmandution.

Incorporating additional electronic controls on wind turbines can partially resolve some of1he
issues related to its tendency to complicate compliance with real-time grid controld performance
standards. Wind {uebines can be built to operate like synchronous generators providing reactive
power {GE 20100, However, there arce fow firm recommendations or requirements to do this,
Costs may be substantial and could significantly alter the wind companent suppy chaia, Most
discussion of this rype of tntegration solution secms w be confined 1o academic and electrical
engineering circles, JEEE characterizes many of these technology solutions, such as mertial
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response and other components that make wind nrbines behave as synchronous generaors, as
the “Wind Plant of the Future™ (Piwko and & al 2009). An example of a turbine-level technology
is a doubly-fed induction generator controls on turbines providing pitch control for frequency
regulation (McCailey 20107,

In gpite of a lack of strong recorunendations to nleprate new components in wind tubines, there
is somie beliel that truly successful, large-scale integration of wind wik only be accomplished
with turbines that act more like conventional plants. Such ptants would be scheduied
automatically over short perinds of timme with a known degree of accuracy, provide ancillary
services including spinning reserves in both the vp and down direction and {requency regulation,
posscss incrtial response, voltage control and reactive power control with state-of-the-an power
electronics. As this technology already exists it is 2 malter of economics, not ability (Smith and
Parsons 2007,

Cree physical characteristic of modorn wind turbines that increases availabiliy and is already
deployed is low voltage ride-through (LVRTY, a technology that was implementad through
operating standards. In 2003 PIM accepted & proposal by NERC and AWEA to require new wind
Tacibities of greater than 20 MW 10 have LVRT capability for certain levels of voltage loss (PFM
Interconnection, LLC 20305). FERC Order 661 requires wind turbines to remain in service during
a fault for op to nine cycles at a voltage as low as zera {Sioe] Rives, LLP 2009). While this does
impose an additicnal sxpense on wind generators, this capability allows them to generate mare in
situations where they would previously have just disconnected froms the grid. Such technclogics
make wind move “grid-friendly.”

Solutions to decreased inertia and realtime output variation that can be alfeviated by turbine-
leve] technology can also be accomplished by fast-moving energy storage or load control
{McCalley 2010). These resources could provide similar benefits as on-turbine technology but
would have to be fully dispatchable and controliable by the system operator. These resources
exist in smail quantities, e.g. industrial demand-response units, grid-connected eleciric vehicles,
pumped storage, but are presently not numerous encugh to match the variability of large-scale
wind, NERC has identified demand response, slectric vehicles and several tvpes of energy
storape a5 technically capable of supporting all ten specific reliabiiity functions it identified in its
assessmeni of the impact of variable resources on system reliability, fram the very short-term
inertial impacts to untit commitment, zlthough it expects sitwations with the longest response
times and limited duration of response o be most suiled o these resources (NERC 20 11),

Inerease e Fleaibahty of the »vuiem

Wind iz a very flexible type of gencration, both up and down (especially), but it is variable and
not as regolarly variable as laad. NERC has stated that the electricity supply system must
tecome more flexible in order 10 successully integrare wind and that both suppiy-side and
demand-side resqurces can provide this (NERC 2010}, The charactenistics of other generation on
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the system. Le. the balance of generation, are very important as this determines the source of
Aexibility and the efficiency of integration.

Proposed flexibility solutions involve a combination of physical atiributes and institutional
protocels. Recommended sources of Oexibility include expanded use of inwra-hour markets,
consofidation of balancing arthorities, expansion of the iype of reserves used for various
ancillary services, lowering minimam gengration levels of base foad plants and enhanced
communication between wind (acilities, vtilities and syslem operators.

NERCL states that there are o technical limitations to ron—conventional resources such as
demand-response, electric vchicles and energy storage providing Nexibility-rejated reliabilidy
fimetions but thal econernics will be (he determining factor in widespread deployment {North
American Eleciric Relability Corporasion 2019).

MWERLC has proposed a new type of reserve called **Variable Generation Tait Event Reserve” be
created to cover the infreguent, bul large ramps of variable yeneration. This type of reserve
would be like conventional contingency reserves but would be assigned to cover generation
ramping events, such as those created by wind resources. Such as reserve s needed because
NERLC reliabiiicy rules require contingency reserves 10 be restored within 90 minutes, making
wind generatton tail events wo slow 10 use conventional contingency reserves, Because a larpe
variable energy resource ramp often iakas two hours or longer 1o reach a maximum feveld,
reserves are negded that can respond for the entire duration of the ramp (NERC 2010},

It 15 also expected that any foad that can supply replacement reserve or supplemental operating
reserves will be abic o supply Variable Generation Tail Event Reserves, In fact, NERC
consicders the potenrial aggragate contribution of demand response, electric vehicles and various
Lypes of energy siorage w variable generation tail evenis reserves to be “significant™ (NERC
20104, This is because these (ypes of resources match the longer response tune-frame of wind
ramps with less concern regarding over-deployment that would occur with conventional
penaration being used as such a reserve.

Another integration recommendanion 15 to expand use of shorter market inlervals, such as the
five-minute markers zlready in place at PIM and other 15035, Such intra-hour markets make
adjustinent to serve changing load more aptimal as plants can incorporats the latest inlormation
about their position. With tighter, intra-howr markets these schedules can be adjusied closer to
real-time as wind forecasts change.

FERC has also proposed mandating E3-minute transmission scheduling for all wiilities and
balancing authorities { FERC 2tH 1), According 1o FERC, indra-hour scheduling Is fairer to
varizble generators because the re-dispatching that occurs optimizes use of available generation
and reduces {ransmission imbalance charges ihat might be levied on wind generators who have
reserved transmission capacity (Morgan Lewis 2011), Markets that only settle once an hour will
be based on somewhat pld wind and weaiher data by the time the generation actually occurs. The
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Impact on conventional reserves is also greater with legs frequent scheduling because actual
gencration may not ntaich the associared ransmission schedules, causing an unnecessary reliance
o11 a public utility transmission provider™s reserves {Morgan Lewis 2001),

To incentivize development of more flexible units it is recommended thal the market for
ancillary services be expanded to cover more types of faster-ramping units or demand resources
{Puga 2010). A somewhat stmiler recommendation is to incentivize generation services thai are
bundlad with variable renewable autput o supply firm capacity and cnergy (EE1 2011}, As
NERC is the entity that sets guidelines for what types of resources qualify to provide different
types af raserves, such decisions will be reliability basad.

One recommended way to inceniivize vse of mote etficient reserves is to change halancing
authority rufes to allow non-spinning reserve and supplemental operating reserves to be used to
compensate for large wind ramps instead of regulation services (Campbell 200%). Expanded use
of noa-spinning reserves is one way to avoid svstem efficiency losses associated with idling or
cycling spinming roserves to accommmodate wind ramps. Spinning reserves can include demand
response resourees but they must be alained within ten minutes from a request. In addition.
current rules allow PIM to implament no more than {0 intetruptions in a given delivery year
from gualified tead management programs (PIM 2011). Some guick-start, non-synchronous
resoorces such as hydro facilities and combustion nirbines can provide reserves in 10-minute
intervals bul these reserves are generally part of the contingency or primary reserve category and
held tor that purpose (PIM 20H0).

Supplemental reserves are not synchronized to the systein bui they are part of PIM’s todai
operating reserves and are catculated, along with contingency reserves, 10 address load forscast
crror and {orced outage rates (PIM 20103, Current reliability rules in the Urited States require
non-spinning reserves and supplemental operating reserves (o only be in service lor 2 period of
time (usually 1 hours to 2 hours) that is shorter thag the wind ramps that may ccour over a longer
peried of several hours (DeCesaro, Porter and Milligan 20349). Because net load (foad minus
wind cutput) varies more than load aloue, icorporating wind forecast ermors would increass the
Lime period neaded substantially.

Another FERC-proposed rule is to require expanded communication between wind facilities and
public utility transmission providers reparding owtages and outpit forecasts. not just betwezn
wind facililies and the system operator (Morgan Lewis 20113, This would allow utilities that
transmit witd power that they do not contrel to have mors complote information abeut how
much wind is on their systems,

As wind cutput increases, especially during light load petiods, traditional utility base [oad piants
may need (o operate below their optimal levels. The concept of increasing “hase load turn-down
levels™ is one that is reguiarly mentioned in integration hiterature (NREL 2010). Such base load
flexibility comes with an efficiency penalty, illustrated by the analegy of city driving vs.
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highway driving. O, if [oad is cxtremely low [ike in the early morming hours of fall and spring it
may be impassible to further reduce base load output. 1f base [oad plants are already gencrating
at their stated economic minimums, PIM will not dispatch them down further unless it is for
reliability reasons. PIM is currently developing light load critenia to alleviate the growing
problem of thermal overfoading during the hours of 1 1o 3am {PJM 2011} This efford locises on
reliability and ensuring that enough generation is available to respond to the morning load
INCICAEC,

Lrue to reliability rukes that cbligate power delivery. flexible resotirces must also prave
avaifability. For example, concemn is sometimes raised aboat the availability of natural gas to fHill
in the paps created by wind. Gas plants are typically more flexibic than coal plants and suffer
less efficrency loss when eyeled and are thus hetter suited o back up wind. It has been
recommoended for reliability reasons that NERC should requare gas turbines Lo keep a two-week
supply of soing other fuel that could be safely burned in place of gas (Bayless 2010}, NERC
recommends that gas pipeline flow is made more flevibie to ensure deliverability matches
reserve needs (North American Electeic Reliahility Corporation 20103,

{deally, all this flexibility will be managed antornatically, With the right tools. including always-
on real-time commuenication and monitoring capabililies and a fleet of immediatel v responsive
mlants, this is possible. [tis also very important that flexibility be appropriately vaiued by the
market in order to have sufficient amoants of response capability supplied (Nationai Renewable
Energy Laboratory 2009}, If plants or demand resources supplyving ancillary services, or planls
being curtailed to accommaodate wind, are not financially motivated to provide those services
integraton will not be successtui.

Drevelop Figswck] Moeebanisms o Davre Padrness amlb Sy dlalndig

The very low marginal cost of wind is good for coitsumers in the short run. NG resource can
compete with wind at this price and arc thus outhid in the wholesale market 1or electricity. But
whether marginal prices provide the right signals to provide for a generation portfolio with the
required {lexibility characeristics is unciecar {NREL 2610}, There are cosis associated with
increased flexibility tiar are ar odds with the dispaich of generating unids based on marginal cost.

As suggesied by FERC and others, the marginal costs of & wind facility may nat account for the
true marginal cost of providing firm whalesale power due to increased real-time eycling of
conventional plams 1o accommedate wind. Pricing structores may be needed that allow
generators providing ancillary services to recover their costs, even though they are operating at
lower capacity factors. in order to ensure their availability and keep them economically feasible
{Bayiess 2010, National Renewabe Energy Laboratory 2010).

FERC’s interpretaiion of this issue is described az a “cost recovery gap that presently exists for
the recovery of the capacity costs associated with the mitigation of generator imbalances™
(Morean Lewis 20113, Part of this gap shows up in the nead {or public utility transmission

Page 16 of 24



providers ta provide regutation services to balance wind cutput, an issue that FERC proposes to
resolve by allowing utilities to charge wind facilities for regulation. Under FERC's proposed
Schedule 10 providers can charge a rate specific to variable resources, not the rate asscciated
with load variability, if it is shown they cause a different cost (Morgan Lewis 2011). The
Schedule 10 tariff would cover the costs of regulation reserve capacity held to accommodate load
{luctuation aad generation fluctuation, whereas current tariffs only cover load fluctoation,

FERC Schedule 10 is one of three proposed changes o the carrent Open Access Transmission
Taciff (OATTY and Large Geverator Interconnection Agrecrient {LG1A) listed in a recent FERC
Motice: of Propased Rulemaking designed specifically 10 facikitate the integration of vanable
resources ito the bulk power system. The other two proposed rules are to teansition to mtra-hoor
transmission scrvice schedules and to require that public utility transmission providers be given
wind facility data that can be vsed for system power outpat forecasting (Morgan Lewis 2011,
The aim of these changes is (o ensure that public utility transmission providers are able to
recover all costs associated with accommodating fluctuations in generation assacialed with
variable resources.

PIM supports the three actions in the FERC proposal assuming that choosing {0 use Schedule 10
is optignal. PIM atso supgests that FERC should "allow for regional differences” rather than
mandating a 15 minute scheduling interval for all utilities and RTOs (Federal CEnergy Regulatory
Conunission 2011}, The American Wind Energy Association and most wind facility gwners are
not supportive of Schedule 14 as many fear the costs would not be imposed fairly. As the rule
would apply to ail generators, natural gas trade associations are also unsupportive. Utilities and
utility trade associations are gencratly supportive of all the recommendations, allhough some
utilities express discomfort with t5-minute scheduling inteyvals.

In PJM. the tssue of “lost opporturity cosls™ has recently been raised. Lost opportunity costs arc
allocared to generators that are curtailed {or reliability reasons when they would normally have
remained on-line due to their econonics. PIM is working to equalize the rufes under which wind
planis receive such paymenis H they are in compliance with the operating agresment angd
{ollowing dispatch instructions. A recent proposal o increase the level of campensation from &
facility’s scheduled day-ahead position to the lesser of PIM’s forecasied position or the facility's
desired vutput was approved by PIM s Market Implementation Coninittee and will be filed with
FERC at the end of 2011 {PIW 2011}, Currently, wind facilities only receive lost opportunity
cost payments to their day-ahead positton (PJM 20110,

Cther operating protocols are cureently being designed i an alternpl (o be fairer to wind. Some
recominendations regard the issue of cost causation and a destre to be certain that this is correctly
assigned. While wind umdoubtedly conrributes 1o fossil cycling and imposas reserve costs wind
gencrators’ posilive confribation {o reserves is often neglected. This blurs the abiliy 10
accurately assign cost causation and may excessively penalize wind while ignoring its positive
contributions. WREL recominends using a perfonnance-based metric to capture both costs and
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contributions, .o, caleulation of wind’s contribution to reserve levels as well as s own need Tor
reserves {Mifligan 2011).

Eovrease the Abiliy & Virticivabe Wind Oniged

Accuratzly predicting day-ahead electricily load is vital to efficient electricity supply. Errors in
forecasting cause under- or ever-commitinent of generating units which increases operating
costz, Wind forecasting can never be perfact, but the batter the expectation of wiad output, the
less re-dispatching needed o make way for it or cover for il Improvements in short-term
forecasts would reduce the Iimpact oa regulation requirements (Nationat Renewable Energy
Laboratory 20103 which is the most inefficient way to balance wind vaniability.

System operators mmest be able fo measure the vartability of the wind within time periods. A large
balancing authority has an advantage because wind power (orecasting error decreases as
geographical area increases (Botterud 201 1), Use of intra-hour markets allows the system ta take
advantaze of changing forecasts and to incorporate that infarmation in real-time dispatch
decisions.

Wind forecasting is difficilt due to the many variables that influence outpul. A facility may have
various {evels of cutpul at a same forecasted wind speed depending on the number of turbines in
service, the rate of change in wind speed, direction of wind and wcather conditions. The key
piece of information needed is how much output the wind facility will produce, i.e. where it will
be on its power curve. This is another level of uncertainty, in addition to weather uncertainty,
that s imporiant when incorporating {orecasts. In the ERCOT sysiem, there is a tendency to
under-torecast wingd (Electric Reliability Council of Texas 2008).

Wind forecast data is one of the items FERC has proposed o require wind generators to provide
public utility transmission providers to which they are interconnected. This includes site-specitic
information on, among other things: temperature, wind speed, wind direction and atmospheric
pressure {(Morgan Lewis 2011).

PIdM"s wind forecasting moded Js designed by Energy 8 Meteo, and uses a combination of
several numerical weather maodels weighted according to the weather situation, site-specific
power curves based on historical data, and a shorter-term model {0-10 howrs) based on wind
power measurgments and numerical weather prediction. Wind wrbine deration data (s integrated
in the forccast (Exeter Associates 2009},

The PIM tool includes four separate forecasts tor different time periods. A long-term lorecast
provides hourly data from 48 hours ahead o 168 hours ghead. A medium<term forecast is
updated from 6 hours ahead to 48 hours ahead. A shott-term forecast is updated with a frequency
of every 10 minutes using a torecast interval of 5 minutes far the nexi 6 hours. A ramp forecast is
updatzd every 10 minutes at 5 mivute intervals for the next & hours (Exeter Associales 2009).
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The PIM tool includes four separate forecasts lor different Gme periods. A long-tern foreeast
provides hourly data from 48 hours ahead to 168 hours shead. A medium-term forecast is
tpelated from 6 hours ahead to 48 hours ahead. A short-term forecast is updated with a frequency
of every 10 minuies vsing a forecast interval of 5 minutes for the next & howrs. A ramp forecast is
updated every ) minweies at 5 minute intervals for the next 6 hours (Exeter Assoctates 2009),

The cost of PIM"s wind forecasting system is passed along via its tariff. 'This is common among
other svsiems incorporating forecasts, but some RT3 charge the wind facilities themselves, e.p.
MY S0 (Exeter Associates 2009). As of September 20 H1, PJM was receiving good
meteorological data from 53 percent of wind facilities in i1s territory and is working to improve
that rate (PIM 20 ).

Fopand fransntinaion

Transmission expansion i3 a necessity for successful wind mtegration, Transmission enhances
the capacity valve and thus capacity credit of wind generation (National Renewable Energy
Laboratory 2010%, This is because it would ailow increased Lransmission of more high quality
Midwestern wind with a higher capacity factor, including a higher peak load factor. to eastern
markets, According 10 NERC “resolving transmission constraings is critical because larger
balancing areas lose much of the benefits associated with size i constraints are in play (Norlh
American Electric Reliability Corparation 20111,

More transmission would mean less wind is cwrtailed becaose there will be fewer constraints
throughout the systeni. Without expanded transmission, wind facilities arg also more likely 10
compete with each other 1o get on the system, defeating the intent of a renewable porticlio
standard. Some betieve that transmission expansion will comprise the lawrgest cost component of
wind irtegration {Kahn 20103,

FERC CGrder 1000 may encourape transmission development by expanding the tradwional right
to develop from pubiic utility domain (o include independemt developers. As part of this arder.
FERC has required regional transmission operators fo come up with a way to allocate the costs of
new transmission to beneficiaries {Moser 2011}, This means that PIM will be making such
tecisions lor its region, which can be expected 10 be closely tied to the same decisions in the
MISO, This is expected due to the fact that MISO wind is imported inlo the PIM system (P
20113

The size of a iransmiszion facifity built to integrate wind should not be built to haadle all the
tarzel wind generation at its maximum coincident cotpert, Some wind can al times be curtailed
more economically than building transmission thal would be loaded only for a few coincident
ltours. Planning for some curtailment is thus likely to be more cost effective than designing a
transmission systemn for the peal coincident cutput of ail wind facilities {MNatianal Renewable
Energy Laboratory 20103, Enhanced transmission will also facilitate the sharing of flexible
supply and demand resources that can be used 10 accommodate wind energy (NERC 2010).
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An example of 2 non-conventional transmission expansion plain is high-voltage DC lines
{HVDCY. An HYDC fine would behave lilie a generator as it would bave no load and would thus
be fed inta a receiving utility systern like a merchant power plant. Current etforts to build HVDC
lines are focused on delivering high-quality wind from Kansas and Oklahema into the TVA
system. To provide firm power an HVDC line would purchase ancillary services at an amount of
about 10 percent of wind capacity (Glotfelty 2011).

The role of (he FERC ia deciding how integration costs are assigned is very importard. Some of
its recent recommendations for integrating variable generation are summarized below,

»  Mandatory 15-minute transmission scheduling for all utilities and balancing autherities

v Expanded communication between wind facilities and transmission providers regarding
facility output; this includes requiring wind facilities to provide wind forecasting data 1o
utilities

s Allow utilities to charge wind facilities a wind-specific rate for reguiation reserve
capacily shown 0 be required because of wind

»  Require RTOs {such as PIM) to come up with a way to allocate the costs of new
transmission to beneliciaries

Codclusions

Current recommendations 1o integrate wind focus on methods of operating the system to ensure
reliability and covering the costs ol balancing the electricity defivery system to accommodate its
variabilily. Integrating wind reliably is said to be a surmourntabie engineering chalienge., but
integrating wind efficiently has many more uncertainties.

The challenges of wind integration exist in multiple time periods, wilh second-to-second stability
alfects that could be resolved with modifications to on-tirbine technology, minute-to-minute
balancing affects that could be resolved with a combination of on-turbine technology and very
fast-acting reserves, hour-to-hour load-fhllowing afiects that could be resolved with anple
supply of flexible generation and responsive load, and longer-term unil commitment atfects that
can be reduced through incorporation of relizble wind forecasting data.

Many of the recommendations o improve the efficiency of imegration support the type of
generating cquipment and non-traditional resources thal many have been advocating for decades,
such as energy storage, modern transmission and demand-side management. Fow stroag
recommendations are currently being made to alter the components in wind turbines in a way
that would allow them to participate in the market like conventional gencrators.

Thers are ubiquitous recommendations o incentivize non-traditional electricity resources such as
demand-side management and expand use of non-spinnitg resorces as operating reserves, but
there is much uncertainty regarding how extensively such resources could be atilized. NERC and
RTO standards limit the frequency with which demand-side resources can be called upon and
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reliability standards govern use of non-spinning reseurces. Such standards may need 1o be
changed to allow usc of these resources in quantitics large encugh to support wind, NERC
supparts changing standards and has also proposed a new category of reserves called “tail event
reserves’ that could be used specifically {0 support wind and other variable resources.

Allocating to wind facilities the costs of operating rescrves used to balance wind vaciability will
make integration costs more transparent. However, due to the high level of inzrconnectedness i
the swstem and the large number of generators already cyveling th response 1o inwra-hous market
signals and to system imbalances caused by other fossil goenerators, and in spite of wind, thers
are issues of fairmess when systoin costs are allocated specifically 1o wind.

In the near-tenn, the current non-wind generating mix is a very important determinant in how
cfficiently wind is wtilized from day to day. Fossil fucl prices matier quite a bit because when
natural gas prices are high coal plants have Lo cycle more to accommaodate wind, especially in
of-peak hours.

As wind penetration increases, the cxisting fleet of basc load plarus is likely o be forced to
operale below their preferred levels of owput more frequently than betove. Wind is expected w
displace conventional generation, but not at a megawatt per megawatt basis, As wind expands
more generation capacity, or responsive boad, will be needed to respond to more potential putpui
fluctuation.

The process of moving wward better integration includes ongoing studies by all major [50s,
rmany olher balancing authorities, wiitines and NERC. This includes development of flexibibity
metrics that can be used o assess the adeguacy of vartous [lexible resources responding to real-
{ime demand and supply conditions. It is recommended that balancing authorilies coardinate
their integration efforts. but most utilities and 1SOs are pushing for the ability 1o develap unique
solutions. IS0s such as PJM that have access to a wide range of services and are highly
connecied 1o other systems are in a good position to (st résponse (o varous incentives and
protocols,
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FINDINGS ON THE IMPACT OF WIND TURBINES ON RESIDENTIAL PROPERTY
VALUES: A Reference Guide as of 2011

This document pravides a summary af informatian gleaned from seven studies conducted over
the |ast five years that have attemptead to guantify the effect of wind facilities on property
vatues. Two of the studies Included were contracted by a wing developer, two were produced
by real estate appralsers, one by & US Department of Energy laboratory, one from an American
university and one from a British university. Impacts to individual properties ware found to be
neutral by the wind devaloper and the laboratary, negative by the appraisers and uncertain by
the British university and negative by the Amernican unlversity.

It is logical for property owners to be cancerned that having & good view of a wind turbine may
lower the potential resale value of their property. Unfortunately, this guide does not raligve
that concern nor does it pravide for an expectation of devaluation. This is the state of analysis,
kased an limited available data. Primary points:

v Defined area is very important for this toplc, as being five miles from a wind turbine is
very different than baing half a mile away.

s Apggrepate findings are not useful for properties [ocated very near a wing turbine.

o Relatively few property transactions have occurred very naar {less than ane mile)
turbings and the dispersion of those transactions combined with the complexity of
proparty features makes it difficult to accurately ohserve trends or correlations.

» Many characteristics of a property create value in cormbination; without observing zll
characteristics across comparable properties in similar geographic areas the
contribution of wind turbines to value can’t be measurad,

* Properties in poor condition may be more negativaly impacted by turbines than
properties in good condition. Evaluating wind facility impacts near groups of homes that
are below-aversge is more complex due to a likely tendency for turbines to be located
anlower value land in an area.

¢ The impact to an individual property is a function of site-specific variables including
existing property features, topography, geographlc features between a property and a
turbine and ordentation in relation to turbines and prevailing winds.

+ Althoueh they do not mowve, analysis of high-voltage transmission lines could provide
some indicatars of where and when impact may be negative.

+ Tobetter understand the impact of wind turbines on property values more transactions
data must be collected and evaluated according to industry standards.
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There is ho indication that wind tirbines ctivse a persistent negative irnpact on property
values In the area {S-mife radivs) around o wind focility.

One of the larger-scale anzlyses of this issue is a Lawrence Berkeley National Laboratory {LBML)
study which found thar valuation for a collective set of propertias sold within five miles of wind
turbines was no different than tha set of properties sold outside of five miles [Hoen 2804).

These ageregate findings can’t be transferred to individual properties and it can’t be promised
that no impact will pccur. Properties located within a mile of a wind facility can’t be evaluated
the same as thosa located more than two miles away.

In the literature of impact studies, findings of negative tmpact are most often found in those
based on surveys of hameowners or appraisal experts that were canducted prior to
construction of a wind facility,

A series of interviews with participants in the rezl estate market in Tucker County, WY found no
indication of a percefvad nagative impact from the Mountainger wind facility. However, due to
sparse sales, not enough guantitative data was available to make an absolute statement
[Goldman Associates 2006).

Not enough dota has been collected on home sales very near wind turbines to estoblish
whether turbines impact these hames differently compared to homes further oway,

The LBNL study included only 125 transactions within one mile of 1,345 turbines survayed at 24
wind projects and analysis was thus based on poaled data from nine different states. A
persistent negative sales impact was not observed within these 125 transactions, This study
suggests that if an impact does exist at close proximity, it may existin the time period
immadiately foliowing project announcement but befara construction, and could fade following
canstruction.

The LENL study observed sales volurmas were slightly |ower within one mile of wind turbines,
less than two years after construction, but not significantly different mora than two years after
construction. Reduced sales volume s another possible impact.

A study of sales data from homes near six wind facilities in three New York counties, using the
date of the draft EIS document as the before and after point, evaluated results by census bfock-
graup, census block, and parcel-level fived effects. The study found consistently more negative
impacts the closer a praperty was to a turbine, with exceptians for properties close enough to
receive diract payments from the developer or in some cases from properties in relatively good
or very good condition (Heintzetman and Tuttle 2011).
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A study by McCann Appraisal found that 15 homes located within two miles of a wind facility
wara on average valued 25 percent less per square foot than 38 homes located more than two
mites away (McCann Appraisal 2610), bur the firm did not correlate value with othar property
characteristics ar earlier sale values, and thus does not show causation, A study for Invenergy
using the same data notes that the homes lacated closer ta the facility were a5 a group Gguite a
kit older than the homes located further away, making the twoa groups not comparable {Paletti
& Associates 2007).

A survey of realtors, seme of which had sold homes near turbines, conducted by Appraisal One
found high expectation for wind turbines to negatively impact improved residential property,
with increasing expectation the closer {“bordering,” “close” or “near”) the home to a turbine
{Appraisal One Group 2003). Having 2 turbine visible from the front of a home was found to be
more rnegative than a view from the back.

The paucity of data negates extrapolation to any specific area, although more turbires are
located ciose to homes in the East and Midwest due to population density and geogranhy.

it Is possible to have relatively deprecigting home vaiues while living near wind turbines, and
some depreciotion may be attributed to the turbines.

without 3 more thorough sample, it is unknown 1o what extent any [ower observed transaction
price is due to close proximity to turbines or if the difference is due to other features of the
property or an area,

Both positive and negative impacts found in the New York study show the importance of the
state of the underlying proparty. Homes in poor condition were mare likefy 1o be negatively
tmpacted while homes in good condition were less likely to be impacted.

Like with transmission lines differences may be temporary, as perceived impacts may be
realized in lower prices after a fadiiity is annoonced but may recede following aciuz!
canstruction. This finding is consistent with the International Association of Assessing Officers
{1aA0Q] finding of a u-shaped response curve resulting from the presence of industrial facilities,
where values drop but then recover aver time (Kinnard 1995). The New York study alsa includes
transactions that accurred before actual construction but after facility announcement, using
the date of the draft EI5 docurnent, because using a later date would have made the statistical
results insignificant (Haintzelman and Tuttle 2011).

Ir the United Kingdom, there have been cases of taxing autharities lowering valuations for
properties due to their proximity to wind turbines (BBC News 2008) and of individuals being
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awarded damages for 3 reduction in home value due to visual and sound impacts of wind
turbines (The Telegraph 2004

It is possible fo have sppreciating hame values while living near wind turbinas, even within
one mile of o turbing, but the appreciation can’t be oitributed to the turbines.

The LBNL study found that sales of homes wath an "extreme,” “substantial” or “moderate” view
of turbines sold at prices that were no different than hormes with no views of turbines, afthough
there were only 28, 36 and 106 of thessa sales respectively, and thus no abihity to extrapolate

Properties that are mwvolved in lease arrangements with a wind facility may expenance value
appreciation relative 1o properbies that are notn such leasas In New York, properties within
0 1 miles of a turbine were found to appreciate 1n value rafative to properues at further burt

varying distances possibly due to this factor {Heintzelman and Tuttle 2011)

wind developmant can influence values pasitively due to direct property purchases

Other home or orea features are probably just as important in influencing resale price os arg
the presence of wind turbines.

The {AAD, the most respected organizatien for property valuation guidelines, does not inelude
wind turbines as a factor influencing value, but differences in view ar praximity te a potential
"nuisance” can influence an appraisal Under accepted appraisal standards of both the 1440
and The Appraisal Insutute (Al) whether any factor does constitute a nuisance which reduces
the value of the property 15 determimed by using market comparables Under this approach
properties that are considered “suitable substitutes” of the subject property are collectad and
their features are compared These suitable substitutes are called comparables There e3n be
many differences betweaen the subect property and the comparables The appraisal must
adjust the value of the subject propearty ko the comparables by either adding value or lowering
value The presence of a nuisance may appear to reduce the value of the subject property but
the only way that can be determmed 15 to compare ALL the differences betwean the subject
and each comparable The mere presance of a potential nuisance and a lower sale price for a
property does not mean the nuisance caused the lower valuation of other factors are present
which might account for the diffarence

Appraisal standards indicate that at least the following vanables should be compared to the
subject property
¢ Proximity £0 the subject
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« Time of sale

« Location
» Site characteristics {including nuisances)
= Design

« Quality of construction

s Age of structure

s Condition

»  Number of rooms {bed and bath)
+  Lllving area

=  Functional utillty

+ HVAC

+ (Garage

» Forches, patio, pools

»  Other [firaplaces, kitchen equipment, date of remodeling, decoration)
= Sales or financing terms

To determine whether a potential nuisance detracts fram valuee all the differences from the
comparable property must ke valued, This can onby be accurately dons if there are multipla
sates of suitable substitutas, There are methods of regression analysis and appralsal manuals
which indicate the value of the varlabies, but these are of little value in rural areas where there
are few sales.

Evidence from high-voltage transmission Hnes [HUTEs} can provide some insight,

Scenic areas, custom homes and houses next to poorly maintained properties may be maore
impacted due 1o their unique or undesirable features (Pitts 2007).

A negative impact is more likely when a property has an encumbered view because of 3 HYTL
{Hamilton 1955].

it iz top early to make generofized conclusions obout the impoct of wind turbines an
individua! home values,

Applied to the question of the appraisal of properties in the vicinity of wind towers, until there
are sufficient sales in an area there can be na defensible conclusion that a3 wind facility detracts
lor possibly adds) value. Any conclusions must be very specific to the site inwolved. Studies
thatinciude a number of sites in different locatlons are of fittle value, but they may provide an
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indication of whether the presence of wind facilities might influence value. A scenic vista is
possibly an important feature of a home and may be highly correlated with sale value but It is
unlikely to he the only factor in the determination of value.

The universe of properties that are potentially impacted by wing turbines is growing a5 installed
wind capacity increases. As wind increases market share, more transactions will be cbservable,

Hub heights are getting higher. hMost studies have assessed turbines with hubs heights of up to
80 meters, but some firms now install turbings with 100 meter hub heights. The taller and
larger turbines could have different impacts.

Evidence from both .5, and UK. studies show that it s often difficult to separate effects of
existing area stigrmas such as other industriaf facilities and HWTLs that already affect values
{Sirms 2007).

Evidence from bew York shows it is easy to overestimate the contribution of wind turbines to
valuz declines of marginal property dua to a tendency to site wind turbines on propertias that
already have ralatively low vatues {Heintzalmarn and Tuttle 2011).
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