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September 5,2012

Via Hantl-Deliverv nnd Electronic Mail

Ms. Jane Murray, Secletaly
New Hampshile Site Evaluation Committee
N.H. Depar'tment of Environmental Services
29 Hazen Drive
Concord, NH 03302-0095

Re: Docket No. 2012-0L-Application of Antrim ll'ind Energv. LLC
Tltir¡l Suttplement to Attplicatiott - Wind Resource Information Requestecl bv
August 22. 2012 Orcler ott Outstemcling Motiotts

Dear Ms. Murray:

Enclosecl for'filing with the New I{ampshire Site Evaluation Cornmittee in the above-
captionecl matter please f,rnd an original and 9 copies of Applicant's Third Supplement to
Application ancl Appendix2I. This filing is submitted pulsuant to Section E.i. of the Presiding
Officer''s August 22,2012 Orcler on Outstancling Motions.

Please contact me if there are any questions about this filing. Thank you for your
assistance.

Very tluly yours,

Enclosures

cc: Service List (excluding Cornmittee Members)
Clark A. Craig, .Ir. (by hrst class rnail)
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New Hampshire Site Evaluation Committee
Third Supplement to Application of Antrim Wind Energy, LLC

September 5,2072

THIRD SUPPLEMENT TO APPLICATION OF ANTRIM WIND ENERGY. ttc
Docket No. 2012-01

Pursuont to Section E.(i) of the August 22,2012 on Order on Outstonding Motions, the
informolion provided below supplements Volume l, Seciion F.3.o. of the Applicolion of Antrim
Wind Energy, LLC, which wos submitled to the New Hompshire Site Evoluotion Committee on
Jonuory 31 ,2012, ond supplemenled by filings mode on Augusf 10, 2012 ond AugusT 22,2012.

VOLUME 1

Section F: Renewoble Energy Focility lnformqtion

3.q. Fuel utilized - p.23.

Rep/oce exisfing fext with fhe following:

Wind.

The wind resource chorocTerislics of o specific site ploy o criticcl role in deTermining the
commerciol viobility ond relotive competiveness of o wind development projecl. These
chorocterisiics include, bul ore not limited io, o higher overoge onnuolwind speed relotive to
ollernotive locotions. Additionol foclors such os wind speed stobilily ond consistency, frequency
distribution, prevoiling wind direction (generolly perpendiculor to The londform/turbine orroy),
wind sheor, density ond turbulence chorocleristics ore olso importont considerations. Mony
polenliol development oreos moy offer impressive overoge wind speeds, but deficiencies in
these other quolities render them undevelopoble.

AWE believes thot the Antrim site offers on ottroctive ond verifioble wind resource, in oddition lo
meeting oll of The other criterio thot ore necessory to support on economicolly ond
environmentolly successful wind projecl. AWE's conclusion on the wind resource is bosed on o
third porty ossessment of site-specific wind resource doto by V-Bor, LLC, o leoding
meteorologicol consultont to lhe wind indusÌry.

See Appendix 2ì (submitted with this Third Supplement Io Applicotion) for V-Bor's complete
summory reporl of the wind resource chorocteris'tics of lhe Antrim Projecl site ond o descripfion
of Ìheir methodology for ossessing wind resources in generol. The following itolicized informotion
is excerpted from thot documenl:

Overview of Wind Enerav Resource Assessment

V-Bar utilizes industry standard practices to produce energy yield assessments for wind projects. The

following is a summary of the ongoing application of those methods at the Antrim Project for AWE.

Collection of Meteorological Data

An appropriate wind resource assessment program starts with the collection of site-specífic wind
resource data that are geographically, topographically and meteorologically representative of the
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project qrea. These data typícally are at least one year in duration to avoíd seasonal bias in estimates
of long-term wind statistícs.

The raw data for the Antrim Project comes from two sources; 1) a 60-meter meteorological ("MET")
tower which was installed in November 2009 adjacent to the location of proposed WTG #2; and 2) a
remote sensing device called a LíDAR, which stands for light detection and ranging.

The L|DAR is ground-based, is relatively easily moved and measures wind data up to 200 m above
ground level, We devised a L|DAR measurement campaign in November 20L1 to supplement the MET
data. The campaígn requires systematically moving the L|DAR between the MET tower site and the
approxímate locations of WTG#6 and WTG #70 at specific íntervals by season. The combination of the
extended measurement period from the MET tower (28 months) and the deployment of the L|DAR
provide a sound basis for estimating the wind resource across the site.

Data Quality control

Príor to perþrming any analysis of the meteorological data for a given site, V-Bar quality controls the
raw data to elíminate spurious data. We also verífy the meteorological tower configuration and site
conditíons using the installation and maintenance documentation and fíeld confírmatíon. Greg Poulos

from V-Bar performed such a site visit on September B, 20L1.

In our quality control mea.sures, V-Bar screens for invalid or missing data due to measurement
equipment malfunction, tower shadowing effects and adverse weather conditions (e.9. icing) to
establish e "clean" data set. Any missing data contributes to the inherent uncertaínty in long term
projections, and those uncertainties are represented in our uncertainty or "P-Velue" analysis,

Turbine Array PIan

V-Bar has worked with AWE to design a turbine array plan that maximizes energy yield for the Antrim
Project given the estimated on-site wind characteristics, available land, site constraints provided by
AWE, and wind turbine manufacturer síte suitability guidelines.

Long-term Wind Climate

Sínce the site data from a wínd resource campaign do not represent the long-term average winds that
would be present over the 20+ year lífetime of a wind farm, we rely on one or more long-term
reference points to adjust the measured wind energy síte statistícs, These reference stations are
airport, other semi-perma.nent weather stations or three-dímensional meteorological analysis data
sets that employ professional meteorological quality-control procedures. These stations must have
suitable correlation to the winds at the site in question. In the case of AWfl V-Bar uses two stations
(Concord and Manchester, NH aírports) to place the measured site data in a long-term context.

Data Measurement Height and Turbine Hub Height Dffirence

It is typical for the measurement height of site wind data (60 m at the AWE MET) and the hub heights
of modern turbines (92 m for the proposed Acciona AW-3000/L16) to dffir due to the cost and
availability of hub height wind resource assessment equipment. By collecting data from several
meosurement heights on the MET tower and through analysis of data from the L|DAR, we assessed the
local shear exponent (rate of change in wind speed with height), We then extrapolate wind speeds up
to the hub height of the wind turbine,

The L|DAR is helpful to reduce wind speed and shear uncertainty for the Antrim Project, given its
ability to collect wind speeds up to 200 m above the ground and our ability to compare it to the
meteorological tower on site for validation purposes.
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Gross Energy Yield Estimates

Based on the long-term average annual hub-height wind speed estimates from the onsite
measurements, and the topography, geography and meteorology of the site, we model individual
turbine long-term hub-height wind speed. The turbine power curve, adjusted to the local hub-height
air density, ís applied to the measured wind speed distribution to calculate the gross energy
productíon by wind speed. Using that gross energy calculation and the turbine wind speed estimate,
we calculate the gross energy yield for each turbíne, The individual turbíne estimates are aggregated
to estimate the Antrim Project's Gross Capacity Factor ("GCF"). The GCF is expressed as a percentage
of maximum possible turbine output averaged over an annual period.

Losses from Gross Energy Yield

There are various loss factors (inherent in the operation of a wind farm) that reduce the actual energy
production from its gross value. We estimate losses due to availability (maintenance down-time etc.),
turbine wake effects, electrical transmission, turbine perþrmance (turbulence, inclined flow and high
sheãr, high-wind hysteresis), and environmental factors (blade soiling, icing, extreme temperatures
and weather events), curtailment, sub-optimal operations and balance of plant outages. A final
accounting of losses for the Project will be shown in a final financeable wind energy resource
assessment report to be provided to AWE. These losses are calculated on an energy basis to determine
the overall wind farm fficiency.

Net Capacity Factor ønd Net Energy Yield

We apply the project-specific loss factors, expressed as an efficiency, to the GCF for the AWE project to
estimate the net energy yield or the Net CapaciQt Factor ("NCF"). ¡úCF ¡s expressed as a percentage of
peak turbine output averag ed over en annual period. The turbine-specific ¡úCF ¡s used to calculate the
long-term mean annual aggregate net energy productíon for AWE.

Characteristics ol the Antrim Project Wind Resource

Wind Class

The wind resource at the Antrim Wind Project is characterized as an IEC (lnternational
Electrotechnical Commission) Class IIa/IIIa wind resource. V-Bar estimates the long term hub-height
(92 m) wind speeds at AWE are in the 7.0-8.3 m/s range for the (10) proposed Acciona AW-L16/3000
turbines. As additional meteorological data is collected at AWE these values may fluctuate somewhat.

Shear

The long-term mean average shear exponent at the AWE meteorological tower ís 0.13 which is in the
low and normal range for wind farm sites. Additional information is being collected by the L|DAR and
the MET. These data will be analyzed in future reports.

Turbulence

Mean turbulence intensities range from 11-15% for wind speeds above 4 mps, which is considered
moderate turbulence. Addítional information is being collected by the L|DAR and the MET and will be

analyzed in future reports.

Wind Direction

)nsite meesurements show that the prevaíling wind direction across the Antrim Project site is
g enerally from the northwest, which is typical for sites in thís regíon of the country, The wind power
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rose for AWE is shown below. Because the wínds are often nearly perpendicular to the AWE ridgeline,
the proposed turbine array ís rather efficient with regard to wake losses.
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Figure: Wind power rose for the Antrim Project.

Seasonal Patterns

The general seasonal variations in wind speed at the Antrim Project are consistent with ridgelíne wínd
projects in New England, with generally stronger winds and therefore wind energy productíon during
the cold season months. The estimated winter NCF rs 50.30/0.

Díurnal Patterns

The daily variations in wind speed are dífferentfor dffirent months, but generally are stronger duríng
the nighttime hours (6pm-6am local time) throughout the year, The estimated níghttime NCF is
44.80Á.
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Energy Yield Comparison

AWE requested that V-Bar calculate the net energy dffirences between the proposed Acciona AW-
116/3000 turbíne and the legacy turbines that have been certificated before the SEC and are currently
operating or under construction in New Hampshire. The legacy turbines of interest are the Gamesa

GB7 (2,}-MW) and Vestas V-90 (3.}-MW) models,

The table below describes the relatíve dffirences in Antrim Project's aggregate NCF and energy
production usíng (10) of those turbines compared with the proposed AW-L16/3000 machíne:

Source: V-Bor, LLC: Antrim Wind Energy Projecf: Summory of Wind Resource Assessmenï, September 4,2012

FuÉher Explonotion of Turbine Comporison

The obove onolysis from V-Bor is bosed on o (10) ten turbine loyout for the GB7 (2.0 MW eoch /
20 MW totol) ond the V90 (3.0 MW eoch / 30 MW totol). lt is importont to note thol while the NCF
reduction ìs less for the GBZ compored to the V90, there would be significontly less energy
delivered using lhe GBZ becouse the size of the Project would be reduced from 30 MW to 20

Evolulion of Turbine Technology

A wind project's net ccpocity foctor ("NCF") is o funclion of the sife's wind resource
chorocteristics ond the proposed wind turbine's power curve performonce. ln the lo'l'ter regord,
wind projects currently under development ore benefiting from o conlinued evoluTion in turbine
technology, which hos given rise to o new "closs" of lorger rotor turbines such cs fhe Acciono
4W3000/l I ó, .fhe Nordex N I I Z, the Vestos V112, the Siemens SWT-l 13, ond the Alstom ECO-122,
to nome o few.

These lorger rotor turbines rely on two key ottributes io ochieve greoter efficiency in energy
yields: 1) higher hub heights, which increose reolized wind speeds while providing sufficient
cleoronces from ground vegetc'tion or topogrophy induced turbulence; ond 2) lorger rotor
diometers, whose lorger rotor swept oreo increoses energy copiure. For o given site, these
efficiency goins effectively increose the NCF ond lower the cost of delivering wind energy to the
grid. The ossocioted NCF increoses con be dromotic, especiolly of Closs ll ond Closs lllwind siles
such os Anfrim, which show lorger incremenfol goins relotive to the existing technology thon
even higher wind Closs I sites do.

The lcrger rotor mochines hove the odded benefit of horvesting more energy from o single
turbine locotion without o commensurole increose in lhe oreo of disturbonce or odditionol

Turbine Model
Rotor Diameter

(meters)
Tip Height

(feet) Change in NCF
Change in Energy

Delivered

Gamesa GB7 B7 399 -140Á -4s%

Vestas V-90 (3.0-
MW)

90 400 -320/6 -320/6
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infrosfructure. For comporison, in lhe cose of lhe Anlrim Project, fifteen (15) 2MW Gomeso G-BZ
lurbines (fhe some turbines used in the Lempsier Project) would be required to motch the
nomeplote copocity of the Project os currently designed - ond yet the GBZ energy yield would
still be lower due to NCF odvontoge of the 4W30001116 os shown obove. Thot is, even with 50%
more lurbines, o ( ì 5) fifteen turbine GBZ projecl would still yield on esïimote d 1 4% less energy.

lmplicotions of AWE's Turbine Selection

Given the length of time typicolly required To plon ond permit o wind projeci, lhe lorger rotor
mochines such os the Acciono 4W3000/l ló were noT on ovoiloble option for projects built
lhrough lhis yeor (2012), with few exceplions. ln controst, the Antrim Projecl's timeline enobled
AWE io incorporoie the lorger rotor turbines into its project plon, o feoture lhot is cruciol to'fhe
competiiiveness of The Project. The resulting projecl design ochieves 30 MW of instolled copocity
on c lond constroined site, increases NCF ond energy yield, ollwhile meeting o rigorous set of
consfroints cnd keeping the omount of environmentolimpoct on o per-MW bosis substoniiolly
below thol of other projects previously certificoted in New Hompshire.

AWE expects the lorger nomeplole copocily ond lorger rotor turbines to become industry
stondord for projects buill in 2013 cnd beyond. AWE believes the trend toword higher efficiency,
lorger rotor turbines represents o positive development os these turbines reduce the cost of wind
energy, thereby enobling more wind energy producÌion using fewer.turbines.

917320_1

6



APPENDIX 21

V-BAR

4 September 2Ot2

New Hampshire Siting Evaluation Committee
c/o NH Department of Environmental Services
P.O. Box 995
29 Hazen Drive

Concord New Hampshire 03302-0095

Re: Antrim Wind Energy Project: Summary of Wind Resource Assessment

To whom it may concern:

This wind resource summary is being provided by V-Bar, LLC ("V-Bar") as an information
supplement to Section F.3a of Antrim Wind Energy, LLC's ('AWE") Application for a Certificate
of Site and Facility for the Antrim Wind Project (the "Project"), a proposed 30 MW wind power
facility in Hillsborough County, NH.

V-Bar, LLC provides comprehensive meteorological and wind resource support to the global

wind energy industry. This includes early to late stage project development, financeable
resource assessment, due diligence and operations. V-Bar's principals have been working on

wind resource assessment in the wind energy industry since 1978 and are all degreed
meteorologists, with two Master's degrees and one PhD among them. They have personally

sited over 10,000-MW of wind turbines and have worked on wind resource assessment for over
25%of alloperatingturbines in the United States.

V-Bar has provided meteorological services to AWE since November 2010. The scope of V-Bar's

services have included: equipment verification and validation, site inspections, data quality
control, design and oversight of lidar measurement campaign, turbine array recommendations
(subject to AWE-provided constraints), gross-to-net energy loss calculations and long term wind
resource and net energy production estimates.

Overview of Wind Energv Resource Assessment

V-Bar utilizes industry standard practices to produce energy yield assessments for wind
projects. The following is a summary of the ongoing application of those methods at the Antrim
Project for AWE.

Collection of Meteorological Data

An appropriate wind resource assessment program starts with the collection of site-specific
wind resource data that are geographically, topographically and meteorologically

400 E. Copitol Pork Avenue #404 Salt Lake City, UT 841-03 Tel: +1-807-712-6107 Fox: +7-807-906-0779



representative of the project area. These data typically are at least one year in duration to
avoid seasonal bias in estimates of long-term wind statistics.

The raw data for the Antrim Project comes from two sources; 1-) a 60-meter meteorological
("MET") tower which was installed in November 2009 adjacent to the location of proposed

WTG #2; and 2) a remote sensing device called a LiDAR, which stands for light detection and

ra ngi ng.

The LiDAR is ground-based, is relatively easily moved and measures wind data up to 200 m
above ground level. We devised a LiDAR measurement campaign in November 201-1- to
supplement the MET data. The campaign requires systematically moving the LiDAR between
the METtower site and the approximate locations of WTG#6 and WTG #10 at specific intervals
by season. The combination of the extended measurement period from the MET tower (28

months) and the deployment of the LiDAR provide a sound basis for estimating the wind
resource across the site,

Data Quality Control

Prior to performing any analysis of the meteorological data for a given site, V-Bar quality
controls the raw data to eliminate spurious data. We also verify the meteorological tower
configuration and site conditions using the installation and maintenance documentation and

field confirmation. Greg Poulos from V-Bar performed such a site visit on September B, 201-l-.

ln our quality control measures, V-Bar screens for invalid or missing data due to measurement
equipment malfunction, tower shadowing effects and adverse weather conditions (e.g. icing)to
establish a "clean" data set. Any missing data contributes to the inherent uncertainty in long
term projections, and those uncertainties are represented in our uncertainty or "P-Value"

analysis.

Turbine Array Plan

V-Bar has worked with AWE to design a turbine array plan that maximizes energy yield for the
Antrim Project given the estimated on-site wind characteristics, available land, site constraints
provided by AWE, and wind turbine manufacturer site suitability guidelines.

Long-term Wind Climate

Since the site data from a wind resource campaign do not represent the long-term average

winds that would be present over the 20+ year lifetime of a wind farm, we rely on one or more
long-term reference points to adjust the measured wind energy site statistics. These reference
stations are airport, other semi-permanent weather stations or three-dimensional
meteorological analysis data sets that employ professional meteorological quality-control
procedures. These stations must have suitable correlation to the winds at the site in question.

ln the case of the Antrim Project, V-Bar uses two stations (Concord and Manchester, NH

airports)to place the measured site data in a long-term context.

Data Measurement Height and Turbine Hub Height Difference

It is typical for the measurement height of site wind data (60 m at the AWE MET) and the hub

heights of modern turbines (92 m for the proposed Acciona AW-3000/116) to differ due to the
cost and availability of hub height wind resource assessment equipment. By collecting data
from several measurement heights on the MET tower and through analysis of data from the

400 E. Capitol Park Avenue #404 sãlt Loke city, uT 84L03 Tel : +l--801-71.2-6107 Fdx: +1-801-906-0779



LiDAR, we assessed the local shear exponent (rate of change in wind speed with height). We

then extrapolate wind speeds up to the hub height of the wind turbine,

The LiDAR is helpful to reduce wind speed and shear uncertainty for the Antrim Project, given

its ability to collect wind speeds up to 200 m above the ground and our ability to compare it to
the meteorological tower on site for validation purposes.

Gross Energy Yield Estimates

Based on the long-term average annual hub-height wind speed estimates from the onsite
measurements, and the topography, geography and meteorology of the site, we model
individual turbine long-term hub-height wind speed. The turbine power curve, adjusted to the
local hub-height air density, is applied to the measured wind speed distribution to calculate the
gross energy production by wind speed, Using that gross energy calculation and the turbine
wind speed estimate, we calculate the gross energy yield for each turbine, The individual
turbine estimates are aggregated to estimate the Antrim Project's Gross Capacity Factor
("GCF"). The GCF is expressed as a percentage of maximum possible turbine output averaged
over an annual period.

Losses from Gross Energy Yield

There are various loss factors (inherent in the operation of a wind farm) that reduce the actual
energy production from its gross value. We estimate losses due to availability (maintenance

down-time etc.), turbine wake effects, electrical transmission, turbine performance
(turbulence, inclined flow and high shear, high-wind hysteresis), and environmental factors
(blade soiling, icing, extreme temperatures and weather events), curtailment, sub-optimal
operations and balance of plant outages. A final accounting of losses for the Project will be

shown in a final financeable wind energy resource assessment report to be provided to AWE.

These losses are calculated on an energy basis to determine the overallwind farm efficiency.

Net Capacity Factor and Net Energy Yield

We apply the project-specific loss factors, expressed as an efficiency, to the GCF for the AWE
project to estimate the net energy yield or the Net Capacity Factor ("NCF"). NCF is expressed as

a percentage of peak turbine output averaged over an annual period. The turbine-specific NCF

is used to calculate the long-term mean annual aggregate net energy production for AWE.

Characteristics of the Antrim Proiect Wind Resource

Wind Class

The wind resource atthe Antrim Wind Project is characterized as an IEC (lnternational
Electrotechnical Commission) Class lla/llla wind resource. V-Bar estimates the long term hub-
height (92 m) wind speeds at AWE are in the 7.0-8.3 m/s range for the (1-0) proposed Acciona

AW-L16/3000 turbines. As additional meteorological data is collected at AWE these values
may fluctuate somewhat.

Shear

The long-term mean average shear exponent at the AWE meteorologicaltower is 0.13 which is
in the low and normal range for wind farm sites. Additional information is being collected by
the LiDAR and the MET. These data will be analyzed in future reports.
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Turbulence

Mean turbulence intensities range from L1-15%ofor wind speeds above 4 mps, which is
considered moderate turbulence. Additional information is being collected by the LiDAR and

the MET and will be analyzed in future reports.

Wind Direction

Onsite measurements show that the prevailing wind direction across the Antrim Project site is

generally from the northwest, which is typical for sites in this region of the country. The wind
power rose for AWE is shown below. Because the winds are often nearly perpendicular to the
AWE ridgeline, the proposed turbine array is rather efficient with regard to wake losses.

Wind Power Rose

Antrim Project, Site 2047
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Figure: Wind power rose for the Antrim Project.

Seasonal Patterns
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The generalseasonalvariations in wind speed at the Antrim Project are consistent with
ridgeline wind projects in New England, with generally stronger winds and therefore wind
energy production during the cold season months. The estimated winter NCF is 50.3%.

Diurnal Patterns

The daily variations in wind speed are different for different months, but generally are stronger
during the nighttime hours (6pm-6am local time) throughout the year. The estimated
nighttime NCF is 44.8%.

Energy Yield Comparison

AWE requested that V-Bar calculate the net energy differences between the proposed Acciona

AW-1-1-6/3000 turbine and the legacy turbines that have been certificated before the SEC and

are currently operating or under construction in New Hampshire. The legacy turbines of
interest are the Gamesa G87 and Vestas V-90 (3.0-MW) models.

The table below describes the relative differences in AWE aggregate NCF and energy
production for those turbines compared with the proposed AW-L16/3000:

This concludes our summary.

Sincerely,

Gregory 5. Poulos

Managing Director

Turbine Model
Rotor Diameter

(meters)
Tip Height

(feet)
Change in NCF

Change in Energy
Delivered

Gamesa G87 87 399 -L4% -43o/o

Vestas V-90 (3.0-MW) 90 400 )ao/ -32%
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