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EXECUTIVE SUMMARY

A feasibility study has been completed for the evaluation of a large scale wind turbine in the
Town of Millbury, Massachusetts. The following report presents a comprehensive review of the
critical factors and considerations analyzed as part of the study for installing a single wind
turbine at the Butler Farm property located at 44 Singletary Road. This feasibility study
incorporated thorough evaluation of virtual MET mast and existing published wind data;
electrical usage, consumption and generation; economics; environmental, avian and noise
impacts; engineering assessments and permitting issues towards development of a commercial-
scale wind turbine.

The feasibility study addresses the technical and economic feasibility of construction of one 100
kw to 1.8 MW wind turbine at the Site. Conceptually, construction of a single large scale wind
turbine could be used offset electrical consumption at multiple Town-owned facilities through
virtual net metering. Based on the results of this study, installation of a wind energy
conversion facility is considered technically feasible, but not economically viable based
on low predicated long term wind speed, the current cost of installation, and current
value of energy. Predicted long term wind speeds of 5.2 at a height of 80 meters was
determined to be unfavorable for development of a commercial scale wind turbine at the Butler
Farm Site. Aesthetic concerns, potential sound impacts and the degree of public support is also
a potential limiting factor.

The cost for design, permitting, procurement and construction of a single 100 kW wind turbine is
estimated to cost $1.03M; a single 600kW turbine is estimated to cost $1.87M; a single 1.5 MW
turbine is estimated to cost $4.25M; and a single 1.8 MW turbine is estimated to cost $4.56M.
The standard figures of merit, including: Net Present Value, Net Cash Flow, Benefit to Cost
Ratio and Internal Rate of Return were all substantially negative, based on the low annual
energy output from the low predicted wind speeds. Estimated capacity factors ranged from 4.7%
to 10% are predicted long term average wind speeds of 5.2 m/s at a height of 80 meters. While
commercially purchased wind modeling data suggested annual wind speeds of 6.5 m/s at 80 m,
correlation of actual on-site measurements to nearby long term data sources yield a much lower
annual wind speed of only 5.2 m/s. The average wind speed is considered poor for development
of a wind turbine project.

Based upon the above, it is our opinion that development of a single large-scale wind
turbine is technically feasible, but not economically viable. The next steps should include
an internal assessment by the Town of Millbury to make a “Go” or “No Go” decision on the
project. If there were consensus to continue with project development, then the Town would
need to decide upon a procurement strategy, partnerships with interested third parties (such as
MassCEC), and financing options. One of the first steps should be for the Town to obtain project
entitlements for the land on which the proposed wind turbine will be located. If Millbury decides
to develop the project under municipal ownership, then a draft Town Warrant article to authorize
the debt incurred should be considered. Project permitting could also begin including obtaining a
special permit or variance; filing with the USFWS, Natural Heritage, Massachusetts Historical
Commission; and filing an electrical interconnection application.
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List of Abbreviations

American Bird Conservancy

Above Ground Level

American Society for Testing and Materials
Bird of Conservation Concern
Massachusetts Clean Energy Center

Code of Massachusetts Regulation

decibel

A-weighted sound, in decibels

Decimal, Minute, Second

Endangered Species Act

Federal Energy Regulatory Commission
Fiberglass Reinforced Plastic

feet

Gigawatt hours

kilovolts

kilovolt Amperes

kilowatt

kilowatt-hours

meter

Massachusetts Department of Environmental Protection
Massachusetts Office of Geographic and Environmental Information System
Massachusetts Environmental Policy Act
Massachusetts Historical Commission
Massachusetts Highway Department
Massachusetts Maritime Academy

miles per hour

meters per second

Massachusetts Technology Collaborative
megawatt

National Heritage and Endangered Species Program
Not In My Back Yard

Power Purchase Agreement

Renewable Energy Production Incentive
revolutions per minute

United State Department of Agriculture
United State Fish and Wildlife Service
United States Geological Survey

Volt

Wind Energy Conversion System
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1.0 INTRODUCTION AND BACKGROUND

A wind feasibility study has been completed for the Town of Millbury Massachusetts. The following
report presents a review of the critical factors and considerations analyzed as part of the feasibility
for installing a single large scale wind turbines at the Town-owned Butler Farm property. This
feasibility study incorporated evaluation of wind resources, site characteristics, existing electrical
infrastructure, electrical usage, environmental, avian and noise impacts; a regulatory review, and
permitting plan. An estimate
of wind turbine energy
production and a financial
analysis are also presented.

Millbury is a town of
approximately 13,000 people
located at 42° 09 48.8"
North, 71° 47" 26.5” West.
Millbury is the northernmost
town in the Blackstone River
Valley. Through this
feasibility study, the Town is
strengthening its belief in
renewable  energy and
commitment, to evaluate one Photo 1 - Project location, Millbury, MA

or more large-scale wind

turbines on Town-owned property. In June 2009, a representative of the University of
Massachusetts Wind Energy Center (WEC) in collaboration with Town staff, identified three
potential wind turbine sites and completed a preliminary study on the siting considerations of a
wind turbine in Millbury. The report (included in Appendix B) focused primarily on siting
considerations for a meteorological (MET) tower and a fatal flaw analysis for a wind turbine. The
overall conclusion of the study was that ——
there were a number of factors favorable | ;
for a wind energy project in Millbury. This [
feasibility study evaluates a range of [
turbine sizes focusing on the Butler Farm
Site.

The proposed wind turbine(s) would
provide power for the Town to offset
commercial electrical expenses and will be
a showcase renewable energy project for
surrounding towns located in the
Blackstone River Valley. The location of
the Town of Millbury is illustrated on a
portion of a USGS topographic map as
Figure 1 in Appendix A. A Site Vicinity
Map illustrating relevant landmarks within
the Town of Millbury is provided as Figure Photo 2—Butler Farm, Millbury, MA
2 in Appendix A.
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2.0 WIND RESOURCES ASSESSMENT

There are many factors that affect the siting of a wind turbine, including topography, soils,
setbacks, access, construction considerations, electrical interconnection, and wind speeds. The
following section presents an assessment of the expected wind resources, based on the
measured wind speeds at the Site, as well as other data sources used to estimate the long term
average wind speeds at the site.

2.1 Methodology and Data Sources

Weston & Sampson installed a MET tower at the site and
collected wind data from August 26, 2011 through August
25, 2012. The MET tower is an NRG Systems 60-meter
guyed tower with six anemometers to measure wind speed.
Anemometers pairs were installed at heights of 60m, 50m
and 40m. Single wind directional vanes were also installed at
40 and 60 meters. The tower was equipped with a grounding
rod, temperature sensor and a barometer. Data collection
was facilitated using an NRG Symphonie™ data logger. The
measuring equipment, mast type and height were installed in
general accordance with standard practices, including:
adequate spacing between sensors and the supporting mast
and boom structures; appropriate orientation of booms
relative to prevailing wind direction; and wind data collection
standards.

Photo 3 — MET Tower Installation

The data from the Symphonie logger is transmitted via

cellular e-mail on a daily basis. The monitoring equipment samples wind speed and direction once
every two seconds. These data points are then combined into 10-minute averages and, along with
the standard deviation for those 10-minute periods, assembled into a binary file. The binary files
are converted to ASCII text files using the NRG software BaseStation®. The text files are then
imported into a database software program and subject to quality assurance (QA) tests prior to
use. Based on the data logged, certain points are flagged and omitted during the analysis. Points
are flagged if the data recorded was outside the limit of the instrument, icing occurred on the
instrument, or if redundant measurements significantly differed.

The average wind speeds at the measured height of 40 meters, 50 meters, and 60 meters are
provided in Table 1. The extrapolated wind speed at a height of 80 meters is also included in the
table. Copies of the wind data summary reports and MET tower sensor data are included as
Appendix C.

Table 1 - MET Tower Measured Wind Speeds

Elevation Average Wind Speed (m/s)
40 meters 3.7
50 meters 4.2
60 meters 4.6
80 meters (Extrapolated) 5.2

) WestonzSampson
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The measured data from the Butler Farm MET tower were evaluated using Windographer
computer software to derive standard wind data statistics for the site. The graphical wind
distribution frequency is given as follows:

- Probability Distribution Function

Frequency (%)

b 10 15 20
== Actual data === Best-fit Weibull distribution (k=2.30, c=5.85 m/s)
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The monthly wind speed profile for each of the anemometers is given below. Please note, data

collected from Sensor B at the 40 meter level was considered suspect (mechanical issues) and
not used in the analysis.

6 Monthly Wind Speed Profile
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The average turbulence intensity is 0.20, and is given below.
045+ _ Turbulence Intensity at 60 m
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The predominant wind direction at the site is from the southwest. A graphical wind rose for the 40
meter and 60 meter directional vanes is provided below.
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Town of Millbury, MA

Wind Frequency Rose
D:

== [Direction &0 m
Direction 40 m

Weston & Sampson also reviewed the AWS TrueWind Map model of wind speeds for Millbury.
The AWS TrueWind estimates are useful for site screening and while they do not replace the
accuracy of site specific anemometry, they are considered reliable with a 94% factor of
confidence. Table 2 represents the AWS true wind speeds for the Butler Farm Site at various

heights.

Table 2 - AWS True Wind Map Predicted Wind Speeds

Elevation Wind Speed (m/s)
30 meters 5.07
50 meters 5.68
70 meters 6.10
100 meters 6.60

Weston'zSampson
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In addition a data set was also purchased from 3Tier which includes a set of long term virtual MET
mast data for the Butler Farm Site. The data is a 30 year set with 10 minute averages from
January 1, 1980 through August 3, 2010. This modeled data set suggests the long term average
wind speed is expected to be 6.5 m/s at a height of 80 meters. In comparing the three data sets,
the measured MET data contains lower wind speeds than the statistical long term wind speeds for
the site. This suggests that the year measured was a below average year for wind speeds.

Average Annual Wind Speed at 80m (m/s) - 3Tier Wind Data

6.9
6.8

6.7

6.5

—4—Wind Speed (mjs)
6.4
6.3

6.2

6.1
1980 1985 1990 1995 2000 2005 2010

2.2 Obstructions and Their Impact on Wind Resources

The proposed wind turbine location at the Butler Farm Site is in a hilly terrain within a small +/- 2.0-
acre meadow surrounded by trees. Other than the natural topography and trees on site, there are
few obstructions at the site which would impact the wind resources. Ideally, the wind turbine would
be placed on the highest available elevation at the site and trees would be cleared around the
turbine sufficient to allow access and a clear area for construction; however, set back distances to
property lines also have to be considered in turbine siting.

2.3 Correlation to Long Term Data

The 3Tier wind model predicted long-term annual average wind speeds 6.5 m/s at a height of 80
meters for the Site. The wind power class at the Butler Farm Site, based on measured data, was
considered poor-marginal. Given the disparity between measured data and 3Tier model results,
we reviewed other nearby data sets to better predict the long term average wind speed.

The on-site wind speed measurements spanned a full year. In general, a measuring period of one
year is considered too short to make a reliable estimate of the long-term average wind speed.
From year to year the average wind speed varies by approximately 4% (one standard deviation),
which means that the 95% confidence interval for the long-term wind speed is +8%. This estimate
can be improved by correlating the wind speed measurements at the site with a reference
meteorological station. In this way the short-term measurements can be correlated and adjusted
based on a longer range of wind speed measurement.

6 Weston'zSampson
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For this correlation, wind speed data from the NOAA Station 94746, located at Worcester Regional
Airport approximately 8.2 miles northwest of the Butler Farm Site was used. Publicly available
wind measurement data from April 2005 to October 2012 were reviewed. The anemometer at
NOAA Station 94746 is located at an elevation of approximately 1,000 feet, somewhat less than
the Butler Farm site at an elevation 650 feet. Wind data for the 12-month period collected at the
Butler Farm site was compared to NOAA Station 94746 data set. Data from the NOAA station
were retrieved from the website: http://www.ncdc.noaa.gov/land-based-station-data.

Using the wind speed information from Butler Farm and the NOAA Station, a least-square linear
regression analysis was performed to estimate long-term wind speed averages for Butler Farm.
The data set for NOAA is considered acceptable for comparison with Butler Farm based on
proximity to the Town and the direction of the prevailing wind being similar to for both locations,
despite the difference in elevation, as monthly average wind speeds at Butler Farm correlated well
to data from the NOAA Station, where the average monthly wind speeds follow a similar pattern.
The long term average for the 7.5 year period at the NOAA station was 4.3 meters per second.
The short term average for the period corresponding to the same period of time in which data was
collected at the Butler Farm site (August 2011 through August 2012), was 4.0 meters per second;
thus indicating a lower than average wind speed year.

The mean win speed at Butler Farm during the one year period was 4.6 meters per second at a
height of 60 meters. Given the data collected at Butler Farm site was during a lower than average
year for wind speeds, a long-term wind speed average of 5.0 meters per second is predicated at a
height of 60 meters. Extrapolation of the data to different hub heights yields the following
normalized long term average wind speeds at various hub heights:

Table 3 Normalized Long Term Wind Speeds, Millbury, MA

Height (meters) Predicted Wind Speed (m/s)
40 4.02
50 4.52
60 5.00
80 5.19

Given the proximity, similarity in terrain and tree heights present at the Butler Farm and NOAA
Station, the correlated long term predicated wind speeds at the Butler Farm of 5.2 m/s at 80
meters is used for estimating energy production potential for the various wind turbines evaluated.

Based on the wind resource assessment, the power density of the average wind speeds at the site
is Poor-Marginal. The poor power density is expected to produce marginal economic returns
based on development of a single large scale wind turbine. The average predicted long-term wind
speeds should, however, meet the minimum criteria for grant eligibility under the Commonwealth
Wind Program as having wind speeds of at least 6.0 m/s at 70 meters, and grant funding would
improve the project economics if eligible for the maximum incentive. Standard wind power classes
based on power density and wind speeds are given in Table 4.

. Weston'zSampson
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Table 4 - Wind Power Classes

. - Power Density Wind Speed
Wwind Power Class Description at 50m (W/m?) at 50m (ms)
1 Poor 0-200 0to 5.6
2 Marginal 200-300 56-6.4
3 Fair 300-400 6.4—-7.0
4 Good 400-500 7.0-75
5 Excellent 500-600 75-8.0
6 Outstanding 600-800 8.0-8.8
7 Superb 800-2000 8.8—-11.9

o WestonzSampson
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3.0 INSTALLATION SITE AND VICINITY

3.1 Evaluation of Site Vicinity

The Town owned Butler Farm is located at 44 Singletary Road, Milloury, MA. The surrounding
neighborhoods are residential and rural. Certain areas of the property are within 300 meters of
residences; however there are no homes near the 400 foot property line setback or proposed MET
tower location, where it is expected that the turbine will be sited. The Site Survey completed by
the University of Massachusetts’ Wind Energy Center concluded that the Town should consider
this parcel for one or more utility-scale or medium-scale turbines.

Height Restrictions and Proximity to Airports
Weston & Sampson retained the service of an aeronautical consultant, ASI, to provide an
obstruction evaluation in accordance with 14 CFR, part 77 at a nearby location with coordinates:

71° 47 26.5" West
42° 09’ 48.8” North

This location is on the Butler Farm property in the general area of the proposed wind turbine. The
results of the analysis indicate that a structure up to 500 feet AGL should receive routine approval
from the FAA. There are no known AM radio stations located within three miles of the Site. The
obstruction report also noted that further radar study should be completed due to potential impacts
to Air Defense radar, Homeland Security radars, and WSR-88D weather radar operations. This
recommendation is not considered a fatal flaw. The relevant correspondence is attached as
Appendix D.

Proximity to airports is another important siting factor. The location of the Butler Farm property
with respect to operating airports and air navigation facilities was evaluated. The Site is located
7.86 miles southeast of the nearest airport, which is the Worcester Regional Airport located in
Worcester, MA. The next nearest airfield is the Southbridge Municipal Airport which is located 13.5
miles southeast of the Site. The proximity of the site with respect to these airfields is not
considered a potential limiting factor.

3.2 Site Physical Characteristics

The Butler Farm Site is located off of Singletary Road in Millbury. It is a 50-acre site containing a
meadow, abandoned orchard, forest, a single-family house that is used for office space and a
meeting facility, a single vehicle, and a solar wireless facility for the fire department’s
monitoring/alarm equipment. It is located at a latitude and longitude of 42.1636° N and 71.7907°
W; the elevation of the property is approximately 649 feet above sea level. Approximately 70% of
the site is forested; the remainder of the property is meadow and other facilities (described above).
The physical boundary of the property is depicted on Figure 3 in Appendix A.

3.3 Wind Turbine Location

The location of the proposed wind turbine at the Butler Farm Site is on the northwest end of the
meadow to the rear of the property. This location will require less clearing of trees. The northwest
side of the meadow also has better wind resources than the surrounding areas. This location is not
located in any flight paths for the surrounding airports. It is also considered to be located at a

9 Weston'zSampson



Final Wind Turbine Feasibility Study Town of Millbury, MA

reasonable distance from nearby residences so as to minimize the visual and sound impact from
the wind turbine. The coordinates (NAD83) for this location are as follows:

3.4 Site Access

Access to the proposed wind turbine
location is available through existing paved
highways, roads, driveways and parking
lots. Turning radii and slopes of highway
routes, as well as local roads are expected
to be passable without any significant
alterations or modifications. A detailed
transportation study would need to be
performed to better define the preferred
access route and dimensional
requirements, based on specific turbine
weights and measurements.

Based on average expected weights and
lengths of the components of a commercial
scale wind turbine in 100 kW to 1.8 MW
class, delivery of the major components py 04— Butler Farm, Millbury, MA

and parts to the Butler Farm Site are

considered feasible and not considered a fatal flaw. The proposed location at the Site is a meadow
surrounded by trees. An access road on the property will need to be provided so the turbine can
be delivered and erected at the selected location.

3.5 Site Geology and Soil Conditions

Based on review of the United Sates Geologic Survey Maps, the bedrock at the Butler Farm Site
consists of Metamorphic Rocks. Figure 4 in Appendix A depicts a portion of the Geologic Map
illustrating the geological conditions in the area of Butler Farm.

Review of United State Department of Agriculture Soil Maps for Worcester County,
Massachusetts, shows that the surficial soil at the Butler Farm Site consists of Woodbridge Fine
Sandy Loam with 3 to 8 percent slopes. Refer to Figure 5 in Appendix A for a portion of the
referenced USDA Soil Map illustrating soil types at the Site.

Soil borings should be conducted in the location of any proposed wind turbine in accordance with
ASTM D-1586. The borings should be drilled to a depth of 100 feet or until bedrock is
encountered, whichever is less. Where bedrock is encountered, drilling should include coring at
depth of 10 to 20 feet to confirm the competency of the existing of bedrock. The data from the test
borings should be evaluated by a geotechnical engineer who would provide the structural engineer
with design parameters such as bearing capacity, friction angles and other soil characteristics,
including recommendations for a foundation type. A specific design could only be prepared once a
specific turbine has been selected and specific loads are known.

10 WestonzSampson
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3.6 Millbury Electricity Use

National Grid provides electricity for the Town of Millbury under multiple accounts. Review of the
electrical data between July 1, 2008 and June 30, 2009 suggests that the Butler Farm property
uses 2,045 kWh annually and the Town of Millbury, as a whole uses 3,627 MWh. Copies of
selected electricity bills for the Town of Millbury are included in Appendix E.

3.7 Existing Electrical Infrastructure

National Grid provides electricity to the two story
single family home on the old Butler Farm
property. The property includes a detached single B
car garage powered from the home. Behind the ' @2 Q0

J 3\".,5 ;

garage is a pad mounted 10kw diesel powered
generator that is not connected to the garage or
to the home. The Town of Millbury uses the Butler
Farm House as a part time conference/meeting
room and to support several municipal antennas
including the Fire Department Radio. The
electrical biling and usage data provided for
selected accounts in the Town of Millbury is

included in Appendix E. Photo 5 — Electricity Meter

The 240/120 volt single phase electrical service to the Farm House is provided from utility pole
#19 along the Singletary Road. The electrical service to the farm is supported on two wooden
poles located on the Butler Farm property. The utility poles along Singletary Road also support
3phase 13.8 kV distribution power that services the predominantly residential customers along
Singletary Road and West Sutton Road.

3.8 Electrical Interconnection Plan

Connection Point to the Utility Distribution System

Due to the location of Butler Farm, there is only one connection point the wind turbine can tie into
the existing electrical grid serviced by the utility. The point of common coupling (the PCC as the
utility National Grid refers to it) at Singletary Road will require overhead medium voltage 3-phase
cable carried on several wooden utility poles located on the Butler Farm property. Starting from the
existing utility distribution cables at pole #19 the new turbine interconnect cable will cross
Singletary Road to the series of poles terminating at the pad mounted fused disconnect switch
near the turbine.

Power Cables to the Turbine Location

At pole #19 the utility will require the installation of a pole-mounted primary switch. A three-phase
switch may is required by the National Grid with the ability to lock the switch in the open position
and to provide a means of preventing the wind turbine from powering the electrical distribution
system during a period of sustained utility outage. This device type, known as a group-operated
air-break (GOAB) switch, would allow a utility lineman to verify the switch is in the open position
from the ground.

1 WestonzSampson
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Power Cables from the Utility Connection Point to the Turbine Disconnect Switch

The cables required to connect the utility power to the Turbine will be carried on wooden poles
from utility pole #19 on Singletary Road to the disconnect switch located near the transformer. The
distance between pole #19 and the disconnect switch is approximately 800 ft. The power cable
run will require approximately seven poles. At the pole closed to the disconnect switch the cables
will transition to an underground concrete-encased duct bank.

Transformer Disconnect Switch

The concrete-encased duct bank discussed above will continue from the last pole at the turbine
end of the cable to under the pad mounted disconnect switch. The concrete encased duct bank
will protect the cables from vehicle loading when the earth becomes soft in the spring. The
disconnect switch is manually operated and is rated to open under full load turbine current and
voltage operation. The line side of the disconnect switch connects to the step up transformer.

Transformers

The step-up transformer matches the utility distribution voltage to the turbine output voltage. The
proposed interconnection would be to step-up the low-voltage 480V or 690V output of the turbine
to a higher voltage for connection to the 13.8 kv National Grid distribution system. Turbines
typically 600kW and larger generate at the European industrial voltage of 690V. The 690V to 13.8
kV transformer is a Wye-Wye configuration. The 100kw turbine generates at 480V. The 480V/13.8
kV transformer is a Delta-Wye configuration. New 15 kV class three-phase power cables are
installed in an electrical duct bank to a new riser pole located near the turbine outside of the blade
area and in an area that is protected from vehicle traffic.

Turbine Main Circuit Breaker

The main circuit breaker protects the turbine generator, power cables, transformer, disconnect
switch and the utility distribution system from a ground fault or line to line fault. The Main Breaker
is located within the turbine enclosure. This breaker does not protect the utility distribution system
from over and under voltage or over and under frequency. The protective relaying system provides
that function.

Protective Relaying

The protective relaying for the wind turbine generator will be selected by National Grid based on
the results of their system impact study. Based on a review of the National Grid Electric
Interconnection Requirements, it is anticipated that the protective relaying will include over and
under frequency, over and under voltage and over current relay. When the protective relaying
system detects conditions that are out of range a trip signal is sent to the main contactor to open
disconnecting the wind turbine generator from the electrical distribution system. If power to the
electrical distribution system is interrupted the turbine protective relaying system will sense the
power loss and disconnect the wind turbine generator from the electrical distribution system.

Revenue Metering

The Revenue Metering will measure the energy produced by the wind turbine. The meter will
measure the energy provided to the grid when the turbine is in operation producing Renewable
Energy Credits (REC’s). When the turbine is not turning fast enough to achieve the minimum
output level or is off line the meter will measure the small energy required to power the turbine
internal systems. This is known as bidirectional metering or Net Metering.

Wind Turbine Size
This feasibility study considers the installation of one of four different size wind turbines. The
selected size depends on the capability of the local electrical distribution system to handle the

1 WestonzSampson



Final Wind Turbine Feasibility Study Town of Millbury, MA

energy produced by the turbine. The turbines considered are a Northern Power System 100 kwW
wind turbine, the 600 kW Elecon Turbowinds T600-48, the 1,500kW GE 1.5 xle, and the 1800 kW
Vestas V90. The remainder the electrical section will discuss the components required to
interconnect the four sizes of wind turbines, as well as the electrical construction estimate for
each.

3.9 Electrical Interconnection Details

National Grid has specific standards and requirements for the interconnection of distributed
generation such as the proposed wind turbine project. The interconnection requirements address
electrical system protection, revenue metering, operation, and the configuration of the primary
interconnection equipment. National Grid will review and analyze the proposed design of the
electrical interconnection of the facility to determine the impact on their electrical distribution
system. Based on the results of the National Grid analysis, modifications may be required to the
distribution system and/or to the wind turbine generator interconnection equipment.

The technical details of the major power system components associated with the electrical
interconnection of the wind turbine generator are described below. Please refer to the one line
electrical interconnection diagram E-1. The one line diagram shows a typical wind turbine
interconnection. The transformer size, the disconnect switch and underground raceway will vary
according to the wind turbine selected. The generator step-up transformer is described by
specifying the transformer voltage rating (primary and secondary), power rating (kilovolt-amperes
or kVA), winding configuration (primary and secondary), and construction type. All transformers
shall be three phase, pad mount type, oil-filled, self-cooled transformers. The transformer oil shall
be environmentally safe seed-based.

The primary voltage rating of the step-up transformer shall be sized to 13.8 kV three phase four
wire 60Hz to match the nominal voltage of the National Grid distribution supply circuit. To allow for
local voltage deviations that may exist on the distribution system, the transformer primary winding
shall be equipped with fixed taps to change voltage level per National Grid requirements. For the
generator step-up transformer, the secondary voltage rating will match the wind turbine generator
voltage which is 480 volts for the 100kW Wind Turbine and 690 volts for the others.

The 100 kW Wind Turbine

The turbine’s 150Amp main breaker connects to the low voltage side of the 150 kVA transformer.
The 600v rated power cables are installed in an underground duct bank. Each of the phase
conductors consist of one #1AWG copper cable with type XHHW-2 insulation for a total of three.
The duct bank consists of one 4” phase conduit, one 4" spare conduit and four 2” conduits for
monitoring, control and communications respectively. Each phase conduit includes a #6 AWG
copper grounding conductor. The PVC conduits are concrete encased and buried a minimum 30"
below grade. The medium voltage 13.8 kV primary side of the transformer connects to the 15 kV
rated fused safety disconnect switch. The disconnect switch includes a 15 kV lightning arrester
with a pad lockable lever in the open position including clear visible indication for the open and
closed positions. The switch is rated to open when the turbine is operating under full load.

The 600kW Wind Turbine

The turbine’s 700A main breaker connects to the low voltage side of the 750 kVA transformer. The
600v rated power cables are installed in an underground duct bank. Each phase conductor will
consist of two 500kcmil copper cables with type XHHW-2 insulation for a total of eight. The duct
bank consists of two 4" phase conduits, two 4” spare conduits and four 2" conduits for monitoring,
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control and communications. Each phase conduit includes a #1 AWG copper grounding
conductor. The PVC conduits are concrete encased and buried a minimum 30" below grade. The
medium voltage 13.8 kV primary side of the transformer connects to the 15 kV rated fused safety
disconnect switch. The disconnect switch includes a 15 kV lightning arrester with a pad lockable
lever in the open position including clear visible indication for the open and closed positions. The
switch is rated to open when the turbine is operating under full load.

1500 kW Wind Turbine
The electrical components are similar to the 1800kW turbine with the exception of the 1500 kVA
transformer.

1800 kW Wind Turbine

The turbine’s 2000A main breaker connects to the low voltage side of the 2000 kVA transformer.
The power cables are installed in an underground duct bank rated 1000v. Each phase conductor
and neutral conductor consists of six 500kcmil copper cables with type XHHW-2 insulation for a
total of 18. The duct bank consists of six 4" phase conduits, three 4” spare conduits and four 2”
conduits for monitoring, control and communications. Each phase conduit includes a 250kcmil
copper grounding conductor. The PVC conduits are concrete encased and buried a minimum 30"
below grade. The medium voltage 13.8kV primary side of the transformer connects to the 15kV
rated fused safety disconnect switch. The disconnect switch includes a 15kV lightning arrester with
a pad lockable lever in the open position and clear visible indication for the open and closed
positions. The switch is rated to open when the turbine is operating under full load.

Power Cables to the National Grid Connection

The power from the wind turbine generator is converted from 480V or 690V to 13.8 kV using the
transformer. The term “step-up transformer” is used for this equipment. The 13.8 kV power cables
from the disconnect switch transition from underground up the wooden pole in a conduit riser at
least 10 feet above grade. Upon exiting the riser the cables continues up the pole in free air along
the series of seven poles to the National Grid point of common connection at pole #19 along
Singletary Road. Additional communication, monitoring and 240/120v power cables are also
supported by these poles.

The wind turbine generator interconnection uses 15 kV class power cables. The power cables are
specified for 15 kV class insulation and consist of four, single conductor cables of either aluminum
or copper. For the 1800 kW wind turbine generator the size of the power cables shall be a
minimum of #1 AWG aluminum. This is typically the smallest size primary cable installed by the
utilities. The #1 AWG aluminum cable has a capacity of 200 amps when run in free air. The full
load current rating of the 100 kW, 600 kW, 1,500 kW and the 1,800 kW turbines are 7 Amps, 35
Amps, 70 amps and 95 amps respectively. So the 15kV #1 AWG aluminum cable is adequate for
either turbine.

3.10 Electrical Interconnection Cost Estimate

The following cost estimate has been developed based on the conceptual design concept prior to
completion of a formal interconnection application with National Grid. The planning phase cost
estimate accuracy is generally expected to be within +/- 25%. The cost estimate is based on
recent project experience and vendor quotes and may change based on the final design,
construction conditions and changing material and labor costs.
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The estimated cost for materials, equipment, and construction required to interconnect the 100
kW, 600 kw, 1,500 kW, and 1,800 kW wind turbines to the existing utility grid is $184,800,
$221,700, $255,500 and $283,000 respectively. The tables included in Section 6.4 detail the major
cost items for the four proposed interconnections. The balance of the interconnection system and
miscellaneous high-voltage components including start-up testing are estimated at 20% of the total
estimated installation cost. An additional cost for upgrades to the existing National Grid system if
required could range from $100,000 - $150,000, however this cost would need to be confirmed by
National Grid through an interconnection study after submittal of an application for interconnection.

The cost estimate is budgetary for planning purposes and does not include permitting, legal,
financing and other costs beyond those listed above. The cost estimate does not include
communication cables. The cost estimate is for interconnection only and does not include wind
turbine itself. The cost estimate does not include utility-related upgrades and back charges for
those upgrades.

The proposed interconnection is illustrated on the one-line diagram Drawing E-1 in Appendix A.
The one- line diagram shows a typical wind turbine interconnection. The transformer size, the
disconnect switch and underground raceway will vary based on the actual wind turbine selected.
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4.0 ENVIRONMENTAL REVIEW AND PERMITTING PLAN

4.1 Environmental Review

The following section discusses the environmental and ecological characteristics at the Butler
Farm Site. A review of various area receptors was conducted to determine what, if any, impact a
wind turbine would have upon sensitive receptors at the site. The result of this evaluation
indicates that development of a single wind turbine is not expected to result in
unacceptable negative impacts to wildlife or other sensitive receptors present at the Site.

Avian and Wildlife Impact Analysis

The pertinent ecological and environmental factors associated with avian and wildlife impacts from
the proposed construction of a single, commercial-scale wind turbine have been evaluated. The
analysis consisted of a review of existing site conditions and available scientific databases. This
information was correlated with available Mass GIS data layers including a review of aerial
photographic imagery to make an initial determination of the potential ecological impacts of the
proposed project. In addition, a determination of the likely avian impacts were formulated following
the interim guideline developed by the United States Fish and Wildlife Service (USFWS), which
include eight impact evaluation criteria for assessing avian impacts. Methodology used in making
a determination about avian impacts was developed to incorporate three principal characteristics.
These characteristics are environmental attributes, species composition, and ecological
attractiveness of the area. Additional information regarding USFWS impact evaluation criteria can
be found in Appendix F.

Agency Consultation

Federal and State agencies should be contacted to request information concerning endangered or
threatened species and critical habitats within the project area. The Owner should contact the
USFWS, New England Regional office, pursuant to Section 7 of the Endangered Species Act of
1973, to determine whether any federal listed species or habitats are present in the project area if
construction of a wind turbine is planned. In addition, the Massachusetts Natural Heritage and
Endangered Species Program (NHESP) should be consulted for information regarding any state
listed species and habitats.

The initial correspondence would constitute the beginning of the “informal” or “simple” review
process as outlined by Section 7 of the Federal Endangered Species Act and the Massachusetts
Endangered Species Act (321 CMR 10.0000). If, at the conclusion of these consultations, it is
determined that no federal or state listed rare species are present or in close proximity to the
proposed project site, then the informal or simple review process may be considered complete.
Should the conclusion of these consultations reveals that the project site will likely disturb one or
more listed species, then a more detailed biological assessment or order of conditions may be
required.

Landscape Evaluation and Analysis

Composition and spatial variation patterns for wildlife are strongly influenced by a multitude of
biotic and abiotic landscape features. In lieu of comprehensive site surveys, Weston & Sampson
gathered information regarding existing site conditions and habitats on the proposed site and
analysis was conducted through review of site photographs, aerial photography, and scientific
databases and literature.

The landscape evaluation focused on examining aerial photography of existing conditions to
identify those biotic and abiotic features of significance. The Butler Farm Site is a 50-acre site
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containing a meadow, abandoned orchard, forest, a single-family house that is used for office
space and a meeting facility, and a garage for one vehicle. Surrounding the meadow are forested
areas with trees approximately 30-40 ft high.

Examination of the proposed site reveals the presence of continuous corridors for wildlife
movement. The site has few buffers to the natural communities and movement of wildlife between
suitable habitats. The Site is bordered on the east, west, north, and south by contiguous plots of
natural communities. Natural corridors exist in the region in the form undeveloped linear lands,
streams, and wetland complexes that connect patches of preferred habitat. Man-made travel
corridors include roads, utility corridors, and urban development.

Mass GIS Data Layers: Data regarding rare species and critical habitats is compiled by the
Massachusetts Office of Geographic and Environmental Information (Mass GIS) and organized as
a number of Geographic Information System (GIS) data layers. These layers are represented as
number of polygons drawn in conjunction with existing landscape features, and can be utilized to
determine the spatial relationships between areas of environmental significance (e.g. wetlands)
and a proposed project site. A table of the GIS data layers used in avian impact screenings and
subsequent analysis within this report has been summarized below:

Table 5 - Mass GIS Screening Data Layers ‘

Data Layers Authority Date of Update

Estimated Habitats for Rare Wildlife NHESP September 2008
Priority Habitats for Rare Species NHESP September 2008
BioMap Core Habitat NHESP June 2002
BioMap Supporting Natural Landscape NHESP June 2002
Massachusetts Certified Vernal Pools NHESP January 2009
Potential Vernal Pools NHESP December 2000
Areas of Critical Environmental Concern DCR April 2009
DEP Wetlands (1:12,000) MADEP December 2004

Notes/Abbreviations:

NHESP: Natural Heritage and Endangered Species Program
MADEP: Massachusetts Department of Environmental Protection
DCR: Massachusetts Department of Conservation and Recreation

GIS screening of the area shows that no part of the Butler Farm Site is considered protected open
space. No part of the Site is within an area of NHESP Estimated Habitats of Rare Wildlife or a
NHESP Priority Habitats of Rare Species. The NHESP Estimated Habitats of Rare Wildlife data
layer represents estimations of the habitats of state-protected rare wildlife (plants and animals)
populations that occur in Massachusetts, while NHESP Priority Habitats data layer represents
estimations of important state-listed rare species (animals only) habitats in Massachusetts. The
NHESP habitat polygons are drawn by analyzing population records, species, habitat
requirements, and available information about the landscape. The Site is not located within a DEP
Approved Zone Il area.

BioMap Core Habitat data layers present the most viable habitat for rare species and natural
communities in Massachusetts. The BioMap Supporting Natural Landscape layers buffer and
connect Core Habitat polygons and identifies large, naturally vegetated blocks that are relatively
free from the impact of roads and other development. Based on previous development the site is
not mapped as core wildlife habitat. Figure 6 in Appendix A is a map presenting the results of the
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habitat GIS screening for Natural Communities, Estimated Habitats for Rare Wildlife and Areas of
Critical Environmental Concern with respect to the location of the Site.

Species Listing and Habitat Considerations

Correctly identifying the species and associated habitats is critical to successfully assessing
potential impacts of a wind turbine. National, regional and local references were reviewed to
create a comprehensive species listing for the Town of Millbury. Compiling GIS screening
information and visual examination of aerial imagery was performed to assess habitat constraints.
These data were used to determine which species could reasonably be expected in the proposed
study area. In addition, the surrounding areas were considered since regional and daily migratory
effects can be substantial.

Determination of likely impacted avian species was the main objective of this analysis. Species
listings were evaluated from a number of sources and were assembled to account for those
species utilizing the Town of Millbury area during migratory stopover. Species listings were further
refined to specifically address federally and state listed wildlife with endangered/threatened status
or species of special concern. In total, there are five federal and state listed species present in the
area near the Town of Millbury. Table 4-2 lists wildlife that are endangered, threatened or species
of special concern status within the Town of Millbury, MA, as compiled by the Massachusetts
NHESP. The table includes the state listing status, taxonomic group and most recent field
observation.

Table 6 - List of Endangered or Threatened Wildlife in Millbury

MESA Feder Most

Taxonomic Scientific Name Common Status al Recent
Group Name Status Observati
on
Bird Vermivora chrysoptera Golden- E - 1970
winged
Warbler
Reptile Terrapene carolina Eastern Box SC - 1988
Turtle
Vascular Plant | Cynoglossum virginianum | Northern Wild E - 1879
var. boreale Comfrey
Vascular Plant Ophioglossum pusillum Adder's- T - 1933
tongue Fern
Vascular Plant Platanthera flava var. Pale Green T - 1880
herbiola Orchis

Special Considerations

The project site is located in the path of the North East Atlantic regional flyway, which can be
identified as running along the east coast of North America. In a broad sense the flyway concept
can be defined as the biological systems of migration routes that directly link sites in ecosystems
in different geographical settings (Boere et al., 2006). Ecosystems primarily comprised of the
suitable habitats of both breeding and non-breeding areas for birds. A flyway is in fact the totality
of the ecological systems that are necessary to enable migratory birds to survive and fulfill their
annual life cycles. Figure 7 in Appendix A illustrates the four generalized North American regional
migration flyways, with respect to the location of the Site. Development of a single large scale wind
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turbine is not expected to result in unacceptable negative impacts to wildlife or substantially
degrade habitat.

Wetlands

The Town of Millbury Conservation Commission is an appointed body with authority to protect and
preserve natural resources within the Town. The Conservation Commission's primary role is the
administration of the Massachusetts Wetlands Protection Act (M.G.L. Chapter 131, Section 40)
within the Town of Millbury. The Wetland Protection Act provides for the protection of several
types of Resource Areas including Bordering Vegetated Wetlands (bordering on lakes, ponds, and
streams), Banks, Land Under Water, Land Subject to Flooding, and Riverfront Areas (area within
200 feet of a river or perennial stream) and coastal resource areas. The Butler Farm Site is not
classified as having any type of the protected resource areas at the proposed turbine location.
Review of Mass GIS Wetland data layer indicates that no portions of the Butler Farm Site are
protected open space and there are no wetlands on site. The area for the proposed wind turbine is
upland area and greater than 100 feet from the nearest wetland, streams, ponds or surface water
body. To confirm there is no potential for destruction or impacts to wetlands, written notification
should be filed with the Town’s Conservation Commission for a formal determination of no impacts
by the proposed addition of a wind turbine at the Site. Based on review of the wetlands protection
area maps and the expected footprint of a wind turbine, wetlands are not a concern for
development.

4.2 Reduction in Air Pollution

Based on information from the MassCEC website, a single 1.0-MW turbine displaces 2,000 tons of
carbon dioxide each year, which is equivalent to planting a square mile of forest, based on the
current average U.S. utility fuel mix. To generate the same amount of electricity as a single 1- MW
turbine using the average U.S. utility fuel mix would mean emissions of 10 tons of sulfur dioxide
and 6 tons of nitrogen oxide each year. To generate the same amount of electricity as a single 1-
MW wind turbine for 20 years would require burning 26,000 tons of coal (a line of 10- ton trucks 10
miles long) or 87,000 barrels of oil. To generate the same amount of electricity as today's U.S.
wind turbine fleet (6,374 MW) would require burning 8.6 million tons of coal (a line of 10-ton trucks
4,321 miles long) or 28 million barrels of oil each year. 100,000 MW of wind energy will reduce
carbon dioxide production by nearly 200 million tons annually.

Since 1993, ISO New England Inc. (ISO-NE) has analyzed the aggregate emission of SO2, NOX,
and CO2 from fossil fuel-based electrical generating facilities. The 2006 DRAFT New England
Marginal Emission Rate Analysis Report, dated 2008, provides calculated estimates of marginal
S0O2, NOX, and CO2 air emissions for the calendar year 2006 in pounds per megawatt hour
(Ibs/MWh). Emission rates were estimated using the energy weighted average emission rates of
generating units that typically would increase loading during higher energy demands.

Since the wind turbine uses air to generate electrons versus the predominately fossil-fuel based
generation capacity of the NEPOOL's system, each electron generated by a renewable energy
system can be viewed as displacing from the grid an electron that would otherwise be created by
the existing system’s fossil fueled marginal power plant. A 1.8 MW wind turbine is estimated to
generate an output of approximately 4,097 MWh annually, based on a 26% capacity factor. Based
on these statistics, the use of a 1.8 MW wind turbine would have the follow beneficial effect on air
pollution:
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Table 7 - Pollution Reduction Per Year by 1.8 MW Wind Turbine

~ Pollutant m En_?rgy_from Pollution Displaced
urbine
SO, 1.51 Ibs/MWh 4,097 MWh 6,187 Ibs/yr
NOx 0.52 Ibs/MWh 4,097 MWh 2,130 Ibs/yr
CO; 890 Ibs/MWh 4,097 MWh 3,646,330 Ibs/yr

4.3 Permitting Plan

A review of permitting requirements for Local, State and Federal jurisdictions was conducted as
part of the project feasibility study. Below is a summary of the agencies potentially having
jurisdiction, where review and approval should be obtained:

Local Agencies

Town of Millbury Conservation Commission
Town of Millbury Planning and Zoning Permit
Town of Millbury Building Permit

Utility Interconnection — National Grid

State Agencies

Massachusetts Environmental Policy Act (MEPA)
Massachusetts Highway Department (MHD)

Massachusetts Historical Commission (MHC)

Natural Heritage and Endangered Species Program (NHESP)
Department of Environmental Protection (DEP)

Federal Agencies

e NPDES Permit Application with Environmental Protection Agency (EPA)
e Federal Aviation Administration (FAA)
e Federal Energy Regulatory Commission (FERC)

A summary of regulatory stakeholders, applicability to the scope of the proposed project, and
possible administrative review requirements is summarized in below Table 6.
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Table 8 - Permitting Matrix

Agenc Permit or Project Approval Comments
gency Approval Relevance Process/Timeframe
Subject site
Scope of work does outside the 100
Conservation | Notice of Intent op foot buffer zone
A not involve wetland or 30 — 60 days
Commission (NOI) of any
water resources
wetland/water
resource.
© . o
o Planning . . No Specific
2 qun of and Requires S_pemal 60 -90 days Bylaw for Wind
Millbury . Permit :
Zoning Turbines
Building Required for utility
TC.’W” of and structure and 30 — 60 days None
Millbury . .
Electric electrical work
Must be approved Proiect aplication Significant
- Interconnect to and notified when ) 55 dF;ps volume of recent
= . . existing performing work, and yS. interconnect
= | National Grid S . L Interconnection o
= distribution if electricity generated applications
-} o o System Impact Study :
system is tied into existing delaying normal
A 12-18 month . :
distribution system. review time
. Required for
Environmental construction projects
Notification , 110N Proj N/A N/A
disturbing greater
Form (ENF)
than 2 acres.
MEPA
Environmental
o Impact Report N/A N/A N/A
IS (EIR)
@ : :
Simple review
pertains to those
ENE/MESA Project does not take | 30 days from point of | projects that will
NHESP . part in Estimated submission for disturb less than
Checklist . ; .
Habitat simple review 5 acres of
estimated
habitats
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Project may not
. subject these
Transportation of i
Mass : : . . requirements
) Special Turbine 24 hours notice prior
Turnpike . . . based on loads
. Hauling Permit parts/accessories to transport ) :
Authority . and dimensional
over state Highways e
characteristics of
material
If requlated as
oversize/dimension Super load
load, then same day requirements:
processing. If >115x 14 x 14
. , regulated as "super (length, width,
Mass Permit to Move Transport_atlon of load," then height). All units
. Overweight or Turbine L ,
Highway ; . . application must be in feet. Any
Oversized parts/accessories via e ..
Department . filed in writing and transport of any
Load State highways : X
requires full oversized loads
structural analysis | greater than 13'8"
and detailed in height require
transportation routing | a routing survey.
plan.
All projects that
Mass Project | i E e o fundin
Historical Notification f 9 30 Days
e rom any state
Commission Form ;
agency must file a
PNF
Construction
General Permit is
applied for by the
Applies to Notification only, entity that has
EPA NPDE%/ICGP/ construction sites that supported with operational
disturb > 1 acre SWPP plan. control over the
job site, and the
ability to enforce
= SWPP plan.
S Mu_st o_btam Obstruction
o . : determination of no :
w Aircraft Required for all . analysis suggests
. hazard and file Form .
FAA warning structures greater — height of 500 feet
S 7460-2 within 10
lighting than 200 feet S should be
days of achieving ermitted
construction height P
Required in order to Dependent upon
FERC Qualifying enter power purchase | Must file Form No. sizepof enereﬁin
Facility Status agreement w/ 556 with FERC ger 9
i . facility
electrical utility
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If at the
completion of
informal
consultation,
further
assessment is
required a formal

Requires applicant

request a list of all
Informal

. threatened, . .
Consultation endanaered Biological
FWS Notice and/or aang " Notification only Assessment must
: ) candidate species
Biological be prepared and

Assessment and critical habitats reviewed by

prior to beginning
construction. FWS. May
require

implementation of
Habitat
Conservation
Plan (HCP)

Town of Millbury Zoning Bylaw

The Town of Millbury does not currently have a zoning bylaw regarding standards for large-scale
wind turbines. The Town does have a bylaw regarding small scale wind turbines. The bylaw states
that all WECFs shall require issuance of a special permit by the Planning Board, acting as the
Special Permit Granting Authority. The base of any WECF shall be set back from any property line
or road layout by at least 120% of the proposed height of the tower where the tower abuts
residentially zoned properties; and set back 80% of the proposed tower height where the tower
abuts non-residentially zoned properties. The bylaw also states that no WECF may exceed 100
feet in height unless approved by the SPGA. Therefore, a Special Permit must be obtained in
order to construct a wind turbine greater than 100 feet in height.

Federal Aviation Administration

A Notice of Proposed Construction or Alteration is required by the Federal Aviation Administration,
Chapter 14 CFR, Part 77 and form 7640-1 (Notice of Proposed Construction or Alteration) for all
structures over 200 feet above ground-level, or within a few miles of an airport. Any wind turbine
with a tip-height over 200 feet will also likely require hazard lighting. Form 7640-1 was filed for this
location with the FAA for a determination if the proposed height of 500 feet above ground level
would pose a hazard to navigation. The obstruction analysis indicates that a structure up to 500
feet AGL should receive routine approval from the FAA. Copies of the filing are included in
Appendix D as relevant correspondence.
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5.0 WIND PLANT CONFIGURATIONS

5.1 Foundation and Turbine Support

Wind turbine foundations vary depending upon the make, model and soil conditions at each site.
Typical foundations include monolithic reinforced concrete slabs, pile supported mono slabs and
deep piling or caissons. The foundation design depends on the tower design, which is most often
a monopole tubular steel tower. The lattice towers are not used as frequently, which also
minimizes the potential for nesting birds. Monopole designs are either straight or tapered poles.
Standard tapered monopoles for a 600 to 1.5 MW wind turbine generally range in height from 50
to 80 meters, would have a base diameter of 10 to 18 feet and taper to four to eight feet at the hub
height.

The foundation design will also depend upon the soil type, bearing capacity and tolerances of
actual turbine and tower selected. Given the general soil characteristics of the region and area, a
shallow, monolithic reinforced concrete slab could be used to support a tapered monopole.
Foundations for similar projects have included octagonal-shaped reinforced monolithic slabs with a
length and width of 40 to 50 feet and a thickness of six to eight feet. Deep foundation designs,
which provide stability from overturning through the pressure created by the weight of the sall, is
also likely to be a viable alternative for the Town of Millbury. Analysis of a specific foundation
design is beyond the scope of this feasibility study, but should be developed in conjunction with a
geotechnical exploration conducted during the design stage of the project, based on actual
equipment specifications. The scope of a geotechnical study typically includes a series of standard
penetration test borings, in accordance with ASTM D-1586, to depths of 50 to 100 feet or until
bedrock is encountered and confirmed by coring.

5.2 Wind Turbine Alternatives

There are a number of commercially produced wind turbines on the market today. Generally, the
most popular models are horizontal axis, three bladed, upwind models which are mounted atop of
monopole towers. There are a variety of generator sizes, rotor blade lengths and tower heights
which are commonly used, that affect the overall structure height. Table 5-1 provides a sample of
the various manufacturers standard size wind turbine generators, rotor diameters, tower heights
and overall height as measured from the tallest point of the blade in the 12 o’clock position.

Table 9 - Typical Wind Turbine Dimensions

Generator Size Toyver _Rotor OV(_araII Ov_erall

Make/Model (kW) Height Diameter Height Height
(meters) | (meters) (meters) (feet)
Vestas V-90 1,800 80 90 125 410
GE 1.5 XLE 1,500 80 82 121 396
GE 1.5 SLE 1,500 80 77 119 390
Elecon T600 600 50 48 74 243
Northern Power 100 40 29 55 180
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Turbine Availability

The percent of time that a wind turbine is capable of producing power is known as the total
availability. The factors and values used to compute turbine availability at the Site are tabulated in
Table 5-2. The total annual availability of a turbine was computed from the product of the factors
and equals approximately 93% of the year.

Table 10 - Factors Affecting the Availability of Turbines

Factor Percent/yr
Grid connection efficiency 97%
Turbine availability 97%
Turbine icing and blade fouling 99%
Substation maintenance 99%
Utility downtime 99%
High wind speed hysteresis 100%
Total Availability 93%

The following assumptions were made for the factors affecting availability:

Grid connection efficiency. The efficiency of the grid connection is estimated to be 97%. This
includes the losses in the transformer and the transmission line. This should be confirmed by
an electric loss calculation once the grid connection has been defined.

Turbine availability. The technical availability of the turbine is assumed to be 97%. This figure
is based on data from modern operational wind farms. Technical availability may be a part of
the contract terms between the project owner and the wind turbine supplier. It is worth noting
that manufacturers may not guarantee technical availability at the 97% level for small, one or
two turbine projects. It is advisable to review this figure when the terms of the warranty are
established.

Turbine icing and blade fouling. Serious icing conditions can prevent a wind turbine from
operating, as the turbine shuts down if there is imbalance of the blades. Undoubtedly there is
the prospect for ice to collect on turbine blades located at the Butler Farm Site. Three days has
been given as the likely total occurrence per year of icing events, which equates to an
availability of 99.2%. Blade fouling is not expected to occur, as this is primarily a problem
in very hot climates where severe insect fouling can affect the aerodynamics of the turbine
blades.

Substation maintenance. The connection to the grid may have to be temporarily shut down
for maintenance. We have assumed that this might occur for a total of 16 hours per year.

Utility downtime. Most wind turbines will fail to efficiently produce energy during lower wind
conditions when the grid does not actively supply electricity for the machine’s control systems
due to a grid power outage. The will occur, on average, approximately 8 hours per year.

High wind speed hysteresis. During very high wind conditions, a wind turbine will shut down
to protect its electrical and mechanical components. The machine will only restart when wind
conditions fall significantly below the cut-off wind speed. This factor is used to compensate for
power loss during this restarting delay. Because Millbury rarely experiences winds above the
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typical wind turbine cut-out speeds (~25 m/s), high wind speed hysteresis is not expected to
have any significant effect on power output.

5.3 Noise Assessment

Sound evaluations can become quite complicated due to the numerous factors affecting sound
propagation, attenuation and absorption of sound, variable ambient conditions, and the
characteristics of sound waves at different frequencies. The purpose of this sound evaluation is to
gualitatively assess the likelihood of noise impacts from the proposed turbine.

Sound Basics

Sound is produced by pressure waves of a specific frequency or range of frequencies. The human
ear registers sound by detecting very minute variations in sound pressure. The loudness of a
sound as perceived by an individual can be quite subjective, but loudness is generally dependent
on the sound pressure level. The sound pressure level is traditionally defined as a ratio of the
sound pressure from a given source to a reference pressure. Loudness is represented by the unit
decibel (dB) on a logarithmic scale, where 0 dB is undetectable to the human ear.

For reference, normal conversation is typically around 65 dB, a quiet evening in a rural setting is
typically around 30 dB, and a lawn mower is typically around 95 dB from the perspective of the
operator. To facilitate noise evaluations with respect to human receptors, the A-weighted sound
level (dBA) is used. This convention accentuates or “weights” the sound pressure level within the
frequency response of the human ear to better characterize the sound pressure level for a human
receptor.

Aerodynamic sound generation is very sensitive to speed at the very tip of the blade. To limit the
generation of aerodynamic sounds, large modern wind turbines may limit the rotor rotation speeds
to reduce the tip speeds. Large variable speed wind turbines often rotate at slower speeds in low
winds, increasing in higher winds until the limiting rotor speed is reached. This results in much
guieter operation in low winds than a comparable constant speed wind turbine.

Sound Propagation

In order to predict the sound pressure level at a distance from source with a known power level,
one must determine how the sound waves propagate. In general, as sound propagates without
obstruction from a point source, the sound pressure level decreases. The initial energy in the
sound is distributed over a larger and larger area as the distance from the source increases. Thus,
assuming spherical propagation, the same energy that is distributed over a square meter at a
distance of one meter from a source is distributed over 10,000 m? at a distance of 100 meters
away from the source. With spherical propagation, the sound pressure level is reduced by 6 dB
per doubling of distance. This simple model of spherical propagation must be modified in the
presence of reflective surfaces and other disruptive effects. The development of an accurate
sound propagation model generally must include the following factors:

Source characteristics (e.g., directivity, height, etc.)

Distance of the source from the observer

Air absorption, which depends on frequency

Ground effects (i.e., reflection and absorption of sound on the ground, dependent on
source height, terrain cover, ground properties, frequency, etc.)

e Blocking of sound by obstructions and uneven terrain
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o Weather effects (i.e., wind speed, change of wind speed or temperature with height). The
prevailing wind direction can cause differences in sound pressure levels between upwind
and downwind positions.

¢ Shape of the land; certain land forms can focus sound

Noise Evaluation Criteria

The proposed wind turbine project would be subject to Massachusetts’s noise regulation (310
CMR 7.10). Massachusetts DEP Noise Guideline Document, dated March 2006, stipulates no
increase of ambient sound levels at the property line, and at the nearest inhabited building, by
more than 10 dB(A) above ambient conditions with no pure tone conditions.

Wind Turbine Sound Production

Wind turbines in operation produce sound. The sound is produced by the rotating blades passing
through the air, and by the mechanical noise associated with the components in the turbine hub.
Review of manufacture specifications for a Vestas V90 indicates the maximum noise level
produced at the hub is approximately 103.5 dB(A) at wind speed of 7.0 meters per second and
above.

Predicted Noise Levels

Accurately predicting noise levels from a given source at different locations is a complex task, and
involves the identification and quantification of a number of factors including the relative reflectivity
of surrounding surfaces, atmospheric conditions, ambient sound conditions, wind speed and
direction, obstacles, the frequency distribution and intensity of the source, and a number of other
factors. A noise study was completed for the Butler Farm Site in November 2010 by Harris Miller
Miller & Hanson Inc. (HMMH). As part of the study, HMMH reviewed applicable noise standards
and criteria, presented the data collection program associated with the ambient noise
environment, described the modeling used to project noise emissions from the selected wind
turbine, and analyzed all of this information to assess potential noise impacts from the project.

In order to estimate the increase in ambient noise conditions caused by the turbine, the ambient
conditions must be known. Noise measurements were performed at a total of six measurement
locations in the project study area. Long-term monitoring was conducted at one location
continuously from November 18 through November 22, 2010. Short-term monitoring was
performed at five measurement sites on November 18 and November 21, 2010, for durations of 20
to 30 minutes at each site .During the short-term measurements, the average (Leq) daytime noise
levels ranged from approximately 45 to 60 dBA in the study area and from 37 to 53 dBA in late
night hours. Background L90 noise levels ranged from 36 to 40 dBA during the day and from 29 to
33 dBA at night. The primary contributions to the ambient noise level in the project area observed
during the attended short-term measurement periods were from local traffic, aircraft flyovers, and
wind in foliage. Nighttime measurements were conducted between 11:30 p.m. and 3 a.m. because
the data from the long-term site showed those time periods to be the quietest times of the night.

Computer software was also to predict sound impacts. WindPRO™ DECIBEL module was also
utilized for this assessment. The WindPRO module DECIBEL for Noise Impact Calculation makes
noise calculations a relatively simple task. The software uses a database of sound measurements
from various manufactures of wind turbines. It is possible to define Noise Sensitive Positions
(spots) as well as areas described by polygons. These polygons can be drawn directly on the
background maps of the Site. The program calculates based on the noise emission data (Lwa or
octave data) the point on the polygon line with the highest noise impact and prints the coordinates
and noise level for the point in an output report. Differences in elevations between wind turbines
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and neighbors are included in the calculations since the coordinates for the wind turbines and the
noise sensitive areas/positions all are given in 3D.

The program automatically calculates these elevations where digital maps are used. For each
polygon/position, the maximum allowable noise level can be entered. In this way, it is possible to
simultaneously carry out, for example, calculations relative to the nearest neighbor based on a 45
dB level and a nearby urban area at another distance based on a 40 dB level. Also it is possible to
enter the initial background noise level without turbines if this is known and then calculate the
additional noise produced by the proposed wind turbine. It is also possible to link a DECIBEL
calculation to a project layout so a noise isoline map is automatically updated in the project
window when changes are made. This makes it easier to find the optimal layout with regards to
noise impact.

Predicted Compliance with Criteria

HMMH conducted a background noise study and modeling for a conceptual wind turbine project.
The study reviewed applicable noise standards in effect at the time of the assessment and criteria,
presented the data collection program associated with the ambient noise environment, described
the modeling used to project noise emissions from the selected wind turbine, and analyzed all of
this information to assess potential noise impacts from the project. Based on this study, we
conclude the following:

e Under most turbine operating conditions, increases in existing ambient noise caused by the
turbine will be well below the Massachusetts Department of Environmental Protection
(DEP) noise guideline of 10 dBA increases in broadband noise levels.

e During the quietest nighttime hours with hub-height wind speeds of approximately 7 m/s,
the proposed Millbury Wind project is predicted to exceed the 10 dBA MassDEP guideline
at the nearby occupied structure on the Butler Farm property east of the proposed turbine
site.

e No residential properties will be exposed to increases in existing noise levels greater than
10 dBA, but projected worst-case increases equal 10 dBA at the nearest homes during the
guietest nighttime hours when hub wind speeds are approximately 7 m/s. However, at hub
wind speeds less or greater than 7 m/s, the sound-level increases will be less, because of
decreasing turbine noise emissions at lower speeds and increasing background noise at
higher speeds.

e The Project is in compliance with the MassDEP noise guideline for a pure tone condition.

e The Town of Millbury noise limits will not be exceeded in any of the nearby noise-sensitive
areas.

During quiet nighttime periods when winds are low near the ground but sufficient for the turbine to
operate, sound from the turbine will be audible and noticeable to some in the nearest surrounding
residential areas. The increase in background sound levels at the nearest adjacent residential
structures is expected to be 10 dBA. The maximum increase in sound levels at the Farm House
building on the Butler Farm property is expected to be 12 dBA, and the increase in sound levels at
the property boundaries is expected to be a maximum increase of 13 dBA. The predicted sound
levels could be problematic and further study would be needed if an alternate turbine, hub height
or location is selected. A copy of the HMMH sound study report is included in Appendix K. It
should be noted that the guidelines for background sound studies have been modified since the
HMMH sound measurement program was implemented in 2010, where primarily the duration of
studies today are being conducted for 14 days instead of seven.
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5.4 Visibility Assessment

WindPRO visual was used to produce photo simulations to represent the visual impact of a
conceptual wind turbine project at the Butler Farm site. The visibility study was conducted to
assess how the proposed wind turbine would impact the look of the site and from representative
areas beyond the site. The wind turbine used in the simulations was a 1.8 MW Vestas V90. This
wind turbine is representative of the largest turbine currently considered for the Butler Farm Site.
This size configuration, modeled in the visual simulations included in Appendix G, has a hub
height of 80 meters (262.4 feet) above ground level (AGL) and a rotor diameter of 90 meters
(295.2 ft.). The structure would have an overall height of approximately 125 meters (410 feet). The
tower was assumed to be a tubular steel monopole with a three rotor blades.

Viewpoint Locations

As one moves away from the proposed turbine location, intervening structures, topography, trees
and vegetation quickly block and obscure views of the turbine. Some of the views of the wind
turbine will, therefore, always be partially or completely blocked. Open views of a proposed turbine
at the Butler Farm Site are represented from the several different locations. Visually sensitive
areas in the vicinity of the proposed project were identified based upon a review of maps of the
area and field reconnaissance. Locations were selected to provide representative vantage points
where the turbine may be visible to simulate the view shed if a wind turbine was erected as
proposed. These include locations that may experience visibility of the proposed turbine.

The locations, which were visited during the area reconnaissance to assess potential visibility,
included the surrounding residential areas and nearby roadways. Multiple locations, termed
viewpoints, were used to simulate the visibility of the proposed turbine. The viewpoints were
selected for simulation purposes to provide a range of distances and directions from the site where
the turbine may be visible. The images were produced using images of a 1.8 MW Vestas V90 wind
turbine on an 80 meter tall tower. Refer to Appendix G for a series of photographic simulations,
including a key map depicting the vantage point for each of the simulations. Manufacture details
which describe representative wind turbines in this size range are also provided in Appendix H for
reference.

5.5 Shadow Flicker

Shadow flicker is a phenomenon caused by periodic obstruction of light caused by the rotating
blades of the turbine. Modern commercial-scale turbines are typically three-bladed and rotate at
approximately 20 rpm, which means that shadow flicker, when present, would occur at a
frequency of 60 shadows per minute, or 1.0 Hz. Shadow flicker at this frequency is normally
considered a nuisance issue, but there are no established health and safety regulations or
exposure standards to date in the United States. Shadow flicker is an intermittent nuisance and is
generally a concern only under the following conditions:

e The sun is shining and has a clear unobstructed path to the turbine;
The turbine is between the viewer(s) and the sun, and within approximately ¥ mile of the
viewer(s);

e The turbine is in operation; and

e There are no obstacles between the turbine and the viewer(s).
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As is evident from the list of conditions above, an evaluation of the significance of shadow flicker
for a particular site is dependent on a number of factors, including site geometry, the locations of
potential viewers, blade finish on the turbine’s rotors, the relative “sunniness” of the location and
the operational status of the turbine at a given time on a daily basis.

As part of this feasibility study, we have attempted to describe the likely extent of shadow flicker in
reference to the proposed turbine location and known receptors, and to qualitatively evaluate the
impacts associated with shadow flicker in the areas of concern. Shadow flicker was modeled using
WindPRO SHADOW module software, and used to produce a map of the area that would be
subjected to shadow flicker. The model computes flicker density contours representing the range
of potential show-flicker hours for the areas near the wind turbine. This distribution was based on a
single Vestas V90 wind turbine on an 80-meter tall tower. Development of a single Vestas V90
wind turbine on an 80-meter tall tower is expected to result in a low to medium number of shadow
flicker hours for the surrounding residential areas. In general, locations greater than 1,000 ft. from
the proposed turbine location will fall into the low range. Refer to Figure 9, included in Appendix A,
for a Shadow Flicker Map representing the distribution of shadow flicker produced from a turbine
at the proposed location. Under a worst-case scenario, the nearest residences located along W.
Sutton Road and Crest View Lane would experience shadow flicker effects for a total of
approximately 30 to 40 hours per year or 4.9 to 6.6 minutes per day. However, much of the area
surrounding the site is wooded, and therefore there will be existing visual barriers to shadow
flicker. Model input and output data are also included in Appendix I.
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6.0 ENERGY PRODUCTION AND FINANCIAL ANALYSIS

6.1 Project Economics

This section provides an analysis of the various direct costs and revenue factors associated with
the typical behind the meter large scale wind turbine project, as well as estimates of indirect costs
and benefits. Several financial scenarios are evaluated based upon different turbines, funding
sources, etc. The merits of a net metered wind turbine project are often evaluated on a pre-tax,
equity financed scenario, where simple payback and internal rate of return are easily calculated. A
number of economic risk factors are also identified and discussed in this section.

For a given project, a general rule is the larger the turbine, the higher the output and the lower the
cost per unit of energy produced. The project is also depended upon three significant factors: wind
resource, the value of the energy created and the cost to develop the project. It should be noted,
that market demand for wind turbines over the last several years has increased and fluctuated
dramatically, resulting in increased pricing and decreased availability of equipment, and longer
lead time for delivery of turbines and related equipment. In today’s rapidly evolving wind turbine
market, many utility scale turbine manufactures are not willing to support a single turbine project
and require minimum orders ranging from 20 to 50 megawatts.

6.2 Estimated Energy Production

Based on the predicted wind speed and the wind resource modeling, the wind speed and direction
distribution were derived at the selected wind turbine height. The wind speed distribution gives the
number of hours that a particular wind speed blows per year. Using Windographer software, this
wind speed distribution was then combined with the power curve of five different wind turbines to
obtain an estimate of the annual wind energy production. The output is corrected for estimated
availability and electrical grid efficiency to obtain an estimate for the net annual wind energy
production.

Based on the wind resource at the Butler Farm Site, four different sized wind turbines were
considered for this assessment. The turbines considered are all within the recommended size
class that would meet the estimated FAA height limit of 500 feet. The FAA structure height
restrictions could limit some turbines from further consideration and should be confirmed prior to
development. The power curve for the various wind turbine generators was obtained from the
modeling software data sources or input from manufactures specifications for modeling purposes.
Copies of specification from the various wind turbines selected are included within Appendix H.

Calculation of Net Energy Production

The energy production calculations and capacity factors for the selected turbines are summarized
in Table 9. In this analysis we used a wind resource probability of 90% (P90). The long term
average wind speeds are estimated to be 5.2 m/s at a height of 80 meters at least 90% of the
time. It should be noted that a lower probability, P50 for example, would result in a higher
expected wind speed average, and thus higher expected turbine output. Net output of the turbines
has taken into account a 90% availability factor for the typical losses discussed above. The P90
value has been evaluated for all four turbines. Modeling output report is included in Appendix I.
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Table 11 —-Energy Production Estimates

Characteristic ng(';tv'g” RRB-PS600 | GE 1.5 SLE* | GE 1.5 XLE | Vestas V-90
Nameplate Rating (kW) 100 600 1,500 1,500 1,800
Hub Height (meters) 37 63 80 80 80
Rotor Diameter 21 47 77 825 90
(meters)

Structure Height 125 121 119 74 55
(meters)

Average Wind Speed

at Hub Height (m/s) 4.4 4.9 5.2 5.2 5.2
Turbulence Intensity 0.24 0.21 0.20 0.20 0.20
Capacity Factor %

Annual Energy (MWh)

6.3 Project Costs

The project costs evaluated included estimated soft costs for the required studies, permitting,
design and other related efforts (legal and public relations excluded); capital costs for the
procurement and installation of the turbine; construction of foundation, electrical interconnection,
and erection of the turbine, commissioning, startup costs. Other long term project cost include the
principal and interest payments for financing of the project, as well as ongoing annual operation,
maintenance and insurance costs. Only equity financed scenarios were evaluated.

6.4 Electrical Interconnection Cost Estimate

A planning level cost estimate has been developed based on the conceptual design concept prior
to completion of formal interconnection of a nominal 100 kw, 600 kW, 1.5 MW, and 1.8 MW wind
turbine application with National Grid. The planning accuracy cost estimate is generally expected
to be within an accuracy of +/-25%. The cost estimate is based on recent project experience and
vendor quotes and could change based on the final design and construction conditions. Table 6-2
through 6-5 details the major cost items for the proposed interconnection:

- WestonzSampson



Final Wind Turbine Feasibility Study

Town of Millbury, MA

Table 12 — Electrical Interconnection Cost Estimate — 100 kW Wind Turbine

Item Description

Quantity

Units

Unit
Cost

Item
Total

GOAB Disconnect Switch 1| Each | $4,500 $4,500
Utility Poles w/ #1 AWG Al Cond. 3 Phase 4 Wire

13.8 kV 700 | Feet $51 $35,700
Communication Cables (Verizon) including High

Speed Transfer Trip 800 | Feet $12 $9,600
Excavation, Backfill & Compaction Trench 4’ x 6’

deep x 100’ from Turbine Pad, Transformer Pad, Cubic

and Disconnect Switch 33| Yard $37 $1,221
Concrete w/ Rebar for Transformer Pad, Disc.

Switch Pad (cast in place) 2| Each | $1,650 $3,300
Primary Underground Conduits from Riser Pole to

Disc. Switch and Transformer. (2’ x 5" Power

Conduits and 4 x 2" for Communication Conduits) 50 | Feet $32 $1,600
Grounding System for Transformer and Disc.

Switch Pad 1| Each| $2,500 $2,500
Fused Disconnect Switch 15 kV 1| Each | $15,000 $15,000
Transformer Seed QOil Filled 150kVA 480v/13.8kV

Delta-Wye Windings. 1| Each | $15,000 | $15,000
Primary Cable 4 wire #1 AWG Copper from Riser

Pole to Disc. Switch and to Transformer Primary 1| Each $2,500 $2,500
Secondary Underground Conduits from

Transformer to the Turbine. (2 x 5" Power

Conduits and 4 x 2” Communication Conduits) 50| Feet $50 $2,500
Secondary Cable from Transformer to Turbine (1

set of 4 wire #1 AWG Copper Cables) 70 | Feet $13 $938
Concrete for Underground Duct Bank from Riser Cubic

Pole to Turbine (100 ft.) 11| Yard $350 $3,850
Redundant Electrical Power System Protective

Relaying 1| Each | $25,000 $25,000
All Items Above Indicate Installed Costs

Subtotal — Construction $123,209
Contractor Markup including Insurance and Permitting 20% of Subtotal $24,642
Electrical Testing Startup and Commissioning 20% of Subtotal $24,642
Contingency 10% of Subtotal $12,321
Total Electrical Cost Estimate | $184,814

NOTES:

1. Cost estimate is for planning purposes only and only includes the items listed above

2. Cost estimate does not include the wind turbine
3. Cost estimate does not include utility related upgrade fees
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Table 13 — Electrical Interconnection Cost Estimate — 600 kW Wind Turbine

Item Description

Quantity

Units

Unit
Cost

Item
Total

GOAB Disconnect Switch 1| Each| $4,500 $4,500
Utility Poles w/ #1 AWG Al Cond. 3 Phase 4 Wire

13.8 kV 700 | Feet $51 $35,700
Communication Cables (Verizon) including High

Speed Transfer Trip 800 | Feet $12 $9,600
Excavation, Backfill & Compaction Trench 4’ x 6’

deep x 100’ from Turbine Pad, Transformer Pad, Cubic

and Disconnect Switch 33| Yard $37 $1,221
Concrete w/ Rebar for Transformer Pad, Disc.

Switch Pad (cast in place) 2| Each | $1,650 $3,300
Primary Underground Conduits from Riser Pole to

Disc. Switch and Transformer. (2’ x 5" Power

Conduits and 4 x 2” for Communication Conduits) 50| Feet $32 $1,600
Grounding System for Transformer and Disc.

Switch Pad 1| Each| $2,500 $2,500
Fused Disconnect Switch 15 kV 1| Each | $15,000 $15,000
Transformer Seed QOil Filled 750kVA 600v/13.8kV

Wye-Wye Windings. 1| Each| $35,000 | $35,000
Primary Cable 4 wire #1 AWG Copper from Riser

Pole to Disc. Switch and to Transformer Primary 1| Each| $2,500 $2,500
Secondary Underground Conduits from

Transformer to the Turbine. (3 x 5" Power

Conduits and 4 x 2" Communication Conduits) 50 | Feet $60 $3,000
Secondary Cable from Transformer to Turbine (2

sets of 4 wire 500kcmil Copper Cables) 70 | Feet $72 $5,040
Concrete for Underground Duct Bank from Riser Cubic

Pole to Turbine 11| Yard $350 $3,850
Redundant Electrical Power System Protective

Relaying 1| Each | $25,000 $25,000
All Items Above Indicate Installed Costs

Subtotal — Construction $147,811
Contractor Markup including Insurance and

Permitting 20% of Subtotal $29,562
Electrical Testing Startup and Commissioning 20% of Subtotal $29,562
Contingency 10% of Subtotal $14,781
Total Electrical Cost Estimate | $221,717

NOTES:

1. Cost estimate is for planning purposes only and only includes the items listed above

2. Cost estimate does not include the wind turbine
3. Cost estimate does not include utility related upgrade fees
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Table 14 Electrical Interconnection Cost Estimate — 1,500 kW Wind Turbine

Item Description

Quantity

Units

Unit
Cost

Item
Total

GOAB Disconnect Switch 1| Each| $4,500 $4,500
Utility Poles w/ #1 AWG Al Cond. 3 Phase 4 Wire

13.8 kV 700 | Feet $51 $35,700
Communication Cables (Verizon) including High

Speed Transfer Trip 800 | Feet $12 $9,600
Excavation, Backfill & Compaction Trench 4’ x 6’

deep x 100’ from Turbine Pad, Transformer Pad, Cubic

Disconnect Switch and Riser Pole 33| Yard $37 $1,221
Concrete w/ Rebar for Transformer Pad, Disc.

Switch Pad (cast in place) 2| Each | $1,650 $3,300
Primary Underground Conduits from Riser Pole to

Disc. Switch and Transformer. (2’ x 5" Power

Conduits and 4 x 2" for Communication Conduits) 50 | Feet $32 $1,600
Grounding System for Transformer and Disc.

Switch Pad 1| Each| $2,500 $2,500
Fused Disconnect Switch 15 kV 1| Each | $15,000 $15,000
Transformer Seed Qil Filled 1,500kVA

690v/13.8kV Wye-Wye Windings. 1| Each | $50,000 $50,000
Primary Cable 4 wire #1 AWG Copper from Riser

Pole to Disc. Switch and to Transformer Primary 1| Each $2,500 $2,500
Secondary Underground Conduits from

Transformer to the Turbine. (5 x 5" Power

Conduits and 4 x 2” Communication Conduits) 50| Feet $65 $3,250
Secondary Cable from Transformer to Turbine (4

sets of 4 wire 500kcmil Copper Cables) 70 | Feet $176 $12,320
Concrete for Underground Duct Bank from Riser Cubic

Pole to Turbine 11| Yard $350 $3,850
Redundant Electrical Power System Protective

Relaying 1| Each | $25,000 $25,000
All Items Above Indicate Installed Costs

Subtotal — Construction $170,341
Contractor Markup including Insurance and

Permitting 20% of Subtotal $34,068
Electrical Testing Startup and Commissioning 20% of Subtotal $34,068
Contingency 10% of Subtotal $17,034
Total Electrical Cost Estimate | $255,511

NOTES:

1. Cost estimate is for planning purposes only and only includes the items listed above

2. Cost estimate does not include the wind turbine
3. Cost estimate does not include utility related upgrade fees
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Table 15 Electrical Interconnection Cost Estimate — 1,800 kW Wind Turbine

Item Description

Quantity

Units

Unit
Cost

Item
Total

GOAB Disconnect Switch 1| Each| $4,500 $4,500
Utility Poles w/ #1 AWG Al Cond. 3 Phase 4 Wire

13.8 kV 700 | Feet $51 $35,700
Communication Cables (Verizon) including High

Speed Transfer Trip 800 | Feet $12 $9,600
Excavation, Backfill & Compaction Trench 4’ x 6’

deep x 100’ from Turbine Pad, Transformer Pad, Cubic

Disconnect Switch and Riser Pole 33| Yard $37 $1,221
Concrete w/ Rebar for Transformer Pad, Disc.

Switch Pad (cast in place) 2| Each | $1,650 $3,300
Primary Underground Conduits from Riser Pole to

Disc. Switch and Transformer. (2’ x 5" Power

Conduits and 4 x 2" for Communication Conduits) 50 | Feet $32 $1,600
Grounding System for Transformer and Disc.

Switch Pad 1| Each| $2,500 $2,500
Fused Disconnect Switch 15 kV 1| Each| $15,000 | $15,000
Transformer Seed Qil Filled 2,000kVA

690v/13.8kV Wye-Wye Windings. 1| Each | $65,000 $65,000
Primary Cable 4 wire #1 AWG Copper from Riser

Pole to Disc. Switch and to Transformer Primary 1| Each| $2,500 $2,500
Secondary Underground Conduits from

Transformer to the Turbine. (6 x 5" Power

Conduits and 4 x 2" Communication Conduits) 50 | Feet $70 $3,500
Secondary Cable from Transformer to Turbine (5

sets of 4 wire 500kcmil Copper Cables) 70 | Feet $220 $15,400
Concrete for Underground Duct Bank from Riser Cubic

Pole to Turbine 11| Yard $350 $3,850
Redundant Electrical Power System Protective

Relaying 1| Each | $25,000 $25,000
All Items Above Indicate Installed Costs

Subtotal — Construction $188,671
Contractor Markup including Insurance and

Permitting 20% of Subtotal $37,734
Electrical Testing Startup and Commissioning 20% of Subtotal $37,734
Contingency 10% of Subtotal $18,867
Total Electrical Cost Estimate | $283,006

NOTES:

1. Cost estimate is for planning purposes only and only includes the items listed above

2. Cost estimate does not include the wind turbine
3. Cost estimate does not include utility related upgrade fees

For most single turbine behind the meter applications, the capital cost of the wind turbine is the
single largest expense of the project. For this project, we evaluated four different wind turbines
sizes in the 100 to 1,800 kW range. The capital expense of a wind turbine in the 100 to 1,800 kW
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size class is $2,700 to $4,500 per kW. Another of the larger cost items is the foundation system,
which can vary, depending upon final design, soil conditions, and other factors.

The total estimated cost of developing a project of this size ranged is $1.0M to $4.5M. The
maximum possible MassCEC grant funding, based on the most recent program criteria, is
$400,000. The unit cost ranged from $2,700 to $4,500 per installed kW, without grant incentives
and from $2,500 to $3,800 per kW with maximum grant incentives. A summary of the project costs
are presented in Table 6 below:

Table 16 - Project Cost Estimate Summary

Turbine Size

100 kW

600 kW

1,500 kW

1,800 kW

Design and Permitting $75,000 $100,000 $200,000 $250,000
Capital Equipment $557,500 | $1,100,000 | $3,000,000 | $3,150,000
General Construction $50,000 $50,000 $100,000 $150,000
Foundation installation $100,000 $300,000 $500,000 $525,000
Electrical interconnection $184,814 $221,717 $255,511 $283,006
Installation (crane) $40,000 $50,000 $100,000 $100,000
Commissioning/Startup $25,000 $50,000 $100,000 $100,000
Sub Total $1,032,300 | $1,871,717 | $4,255,511 | $4,558,006
Possible CEC Grant $165,000 $320,500 $400,000 $400,000
Net Project Cost $867,314 | $1,511,217 | $3,855,511 | $4,158,006

6.5 Economic Analysis

For a wind energy project of this nature, the viability is generally based on the wind resource, the
value of the energy created (or displaced) and the capital cost of the project. In this analysis we
used a wind resource probability of 90% (Pgo). That is, the average wind speed will be 6.4 m/s at
an 80 meter hub height at least 90% of the time. It should be noted that a lower probability, Ps for
example, would result in a higher expected wind speed average, and thus higher expected turbine
output, and higher rate of return on the investment. Specific risk tolerances should be considered
as part of the next steps in the development of the project.

In order to perform an economic analysis for the alternatives presented, the benefits and costs of
the project were evaluated. The project costs include costs for design and permitting, installation
and interconnection, operation and maintenance, and insurance. The benefits of the project
include the value of offset retail energy purchases. The value of the avoided cost was calculated
based on the sum of the estimated value of default service, distribution, transmission and
transition kilowatt-hour charges. The value of the sale of Renewable Energy Certificates (REC)
was estimated in the short term at $25 per MWh. The cost and benefits are estimated over the
useful life of the project and are then factored into a simple economic model (discounted cash
flows) which estimates the Net Present Value and other financial metrics of each alternative. For
this study, we have modeled the cost and benefits of four single wind turbine sizes, assuming a
project paid with cash with and without the maximum available grant incentives, a loan term of 20
years at 4%, also both with and without a grant. The table below provides a summary of the
economic model assumptions:
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Table 17 - Economic Model Variable Input

Project Term 20 years
Value of Net Metering Credit $128 MWh
Value of Renewable Energy Certificates $15-25 MWh
Discount/Loan Rate 4.0%
Interest Rate on Principal Debt, if applicable 4.0%
Term of Debt 20 years
Operation and Maintenance $40 kW
Energy Escalation Rate 2.0%
Inflation Escalation Rate 2.0%

An industry-standard economic metric for a wind turbine project is the net present value (NPV).
The NPV can be defined as the present value of the initial investment, plus all future cash flows.
For a wind turbine, cash flows are evaluated over the useful life of the equipment, usually 20
years, but sometimes 25 to 30 years, depending upon the manufacturer and care taken during the
maintenance of the equipment.

Another useful measure is a time-adjusted benefit-cost ratio (BCR). The BCR is the present value
of cash inflows divided by the present value of cash outflow. An investment which has BCR which
is greater than 1.00 predicates a positive return on the investment and anything less than 1.00
costs more than the benefit of the investment. A project with a BCR of 1.00 is considered
breakeven.

The Internal Rate of Return (IRR) is also used to judge the economic merits of an investment. If
the IRR exceeds the opportunity cost of capital, the investment is attractive. If the IRR equals the
cost of capital, the investment is marginal. The IRR is a capital budgeting metric typically used by
private firms to decide whether they should make investments. It is an indicator of the efficiency or
quality of an investment, as opposed to net present value (NPV), which indicates value or
magnitude. The IRR is the annualized effective compounded return rate which can be earned on
the invested capital, i.e., the yield on the investment. A project is a good investment proposition if
its IRR is greater than the rate of return that could be earned by alternate investments of equal risk
(investing in other projects, buying bonds, even putting the money in a bank account). In general,
if the IRR is greater than the project's cost of capital, or hurdle rate, the project would add value for
the Town. Formally, the IRR of an investment is equal the discount rate at which the investment’s
NPV equals zero (Higgins, 1998).

Project cash flow is based upon the amount of retail power which can be off-set by the turbine,
sale of any excess energy which may be produced and the sale of renewable energy certificates
(REC) which have a marketable value. The amount of retail power which can be off-set is also a
function of coincidence factor. The coincidence factor, a measure of the percentage of time power
is being created and used on the site at the same time, in that the value of electricity is
instantaneous. If energy is not being used when it is produced, it is typically sold back to the grid.
Since the changes in net metering allow all of the energy produced from a renewable source with
a nameplate rating of up to 2.0 MW, a 100% coincidence factor is used in this analysis.

The economic performance of each scenario improves when factoring in grant funding from CEC
under the Commonwealth Wind program, which can provide, if eligible, up to $400,000 per project
for a public entity for design and construction for 1,500kW and larger turbines. Grant funding is a
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significant factor on the NPV, BCR and IRR, particularly for smaller capital projects. Other
economic factors which impact the project economics are the discount rate (cost of capital) and
inflation factors (both general and fuel-related energy costs). The economic performance erodes
as the discount rate and general inflation rise. The economic modeling herein assumes that the
project will be paid for with equity (cash) or debt (loan). Simple payback estimates, as the name
implies, does not consider inflation and is based on the first full year of net revenue divided by the
project cost. The cost estimates do not include the cost of decommissioning, nor do they include
the residual value of the installation. In this case, these figures are assumed to be of equal value
and therefore would have a net zero impact on the analysis.

We also included the cost of a 1.5 MW GE turbine for which we obtained a price quote, where the
equipment is unused, but being sold by a third party and no manufacture warranty is available.
After market turbines from other developers are often available where purchased, but not used on
other project for one reason or another. Where there is obvious upside to a project with discounted
equipment costs, the price certainty and availability of an aftermarket turbine can be unpredictable
and project proponents must be willing and able to act quickly without OEM warranties. Below is a
summary of the economic analyses for each scenario, both with and without MassCEC grant
funding:

Tablel8 — Economic Summary (Equity Financed, No Grant)

Turbine Make, Model Ngmg:” RRB-PS600 | GE 1.5 SLE* | GE 1.5 XLE | Vestas V-90
Nameplate Rating (kW) 100 600 1500 1500 1800
Hub Height (meters) 37 63 80 80 80
Installed Cost $1,032,314 $1,871,717 $2,605,511 $4,255,511 $4,558,006
Installed cost per kKW $10,323 $3,120 $1,737 $2,837 $2,532
Capacity Factor, % 4.7% 7.6% 8.6% 6.8% 10.8%
Annual Energy (kWh) 37,055 359,510 804,168 1,017,036 1,532,650
NPV (4% Discount Rate) ($880,700) | ($1,371,375) | ($1,843,471) | ($3,042,014) | ($2,613,307)
Cash Flow, 20 Years ($784,183) | ($1,083,352) | ($1,415,194) | ($2,475,357) | ($1,687,001)
Benefit to Cost Ratio 0.17 0.39 0.49 0.41 0.54
Internal Rate of Return -7.2% -5.3% -4.9% -5.9% -3.6%
Simple Payback, years 22726.9 100.9 77.1 68.48 39.2
Cost/kWh, 20 Years $1.54 $0.35 $0.27 $0.29 $0.21

Net Cash Flow is over 20 year term
IRR and Payback are Not Applicable to a Debt Financed Project.
* Price for GE 1.5 SLE excluding OEM warranty (new, after market turbine)

Based on the above, development of a large-scale wind turbine does not appear economically
viable. The alternatives become better economically with increased turbine size, as one would
expect; however, none of the turbines modeled have a positive Net Present Value or Benefit to
Cost Ration greater than 1.0. The smaller (100 kW and 600 kW) wind turbines have predicted
capacity factors in the single digits, and the longest payback periods. The greater negative values
over the 20 year project term, suggesting all of the scenarios modeled would cost more money to
operate than the monetary benefits they would return. While all of the financial figures of merit
improve where grant funding is added, none of them are economically attractive. The economic
summary if grant funding is available is provided in Table 19 below.
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Table 19 — Economic Summary (Equity Financed, With Grant Funding)

Turbine Make, Model nggt\zg:” RRB-PS600 | GE 1.5 SLE* | GE 1.5 XLE | Vestas V-90
Nameplate Rating (kW) 100 600 1500 1500 1800
Hub Height (meters) 37 63 80 80 80
Installed Cost $867,314 $1,551,217 $2,205,511 $3,855,511 $4,158,006
Installed cost per kW $8,673 $2,585 $1,470 $2,570 $2,310
Capacity Factor, % 4.7% 7.6% 8.6% 6.8% 10.8%
Annual Energy (kWh) 37,055 359,510 804,168 1,017,036 1,532,650
NPV (4% Discount Rate) ($722,046) | ($1,063,202) | ($1,458,855) | ($2,657,399) | ($2,228,692)
Cash Flow, 20 Years ($619,183) ($762,852) | ($1,015,194) | ($2,075,357) | ($1,287,001)
Benefit to Cost Ratio 0.20 0.45 0.55 0.45 0.58
Internal Rate of Return -6.3% -4.2% -3.9% -5.3% -2.9%
Simple Payback, years 19094.3 83.6 65.3 62.0 35.8
Cost/kWh, 20 Years $1.32 $0.31 $0.24 $0.27 $0.20

Net Cash Flow is over 20 year term
IRR and Payback are Not Applicable to a Debt Financed Project.
* Price for GE 1.5 SLE excluding OEM warranty (new, after market turbine)

Grant funding reduces initial capital costs, as indicated by the higher Net Present Value for each of
the project scenarios, when using the same values for discount rate and inflation factors. The
NPV, Net Cash Flow and benefit to cost ratio are all negative, even for a discounted after-market
turbine, which are considerably cheaper than a comparable new turbine from the original
equipment manufacturer. One additional scenario was included in the analyses, which looked at
annual cash flows for a turbine which was financed at a rate of 2% for 20 years, which was also
financially unattractive. Depending upon ownership structure, tax incentives could also be factored
into the economic evaluation; however, the low wind resource is not likely to attract offers for
private development. It should be noted that all of the scenarios are sensitive to the discount rate
(4.0%), rate of general inflation (2%) and energy inflation rate (2.0%), which have been used in
this analysis. Grant funding helps reduce the initial capital cost of the project, improving all of the
scenarios Net Present Value by an amount equal to the grant. Refer to Appendix J for detailed
economic calculations, which include estimated annual operation, maintenance and insurance
cost of the wind turbines.

6.6 Community Wind

Rural landowners who own land with good wind resources have traditionally benefited from a wind
project by leasing their land to large wind developers who sell the wind energy and pay the land
owners a lease payment for hosting one or more wind turbines. A community wind project is term
used to describe a project that is initiated locally and a community-owned project. Community wind
projects can be owned by a variety of individuals including local residents, small business owners,
local organizations including schools and universities, Native American Tribes, rural electric
cooperatives, municipalities, utilities, and others in the community or region. These projects can
range from a single turbine to a community-owned commercial-scale wind farm. There are a
growing number of community wind projects in the U.S. Community wind projects have been
installed throughout the country and are in the planning stages in virtually every state with wind
power development underway.
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A key feature of a community wind project is that local community members own and have a
significant financial stake in the project beyond just land lease payments and tax revenue. A
project having community based support is more likely to be accepted by a higher percentage of
the local residents when they have an opportunity to participate in the project financially and share
in the risks and rewards. These projects keep more dollars in local communities, preserve local
energy independence and protect the environment. Ownership could be sponsored and managed
by the Town, usually through an appointed board, where ownership options are defined and
stakes are offered in shares. Share classes could be defined by factors such as ownership of land
upon which project is constructed, proximity to the project, where project participants closest to the
project are offered preferred shares, followed by residents and businesses (taxpayers) within of
the Town, and then the region, then the State. The number of ownership classes can be as varied
as necessary or desired locally. Ownership shares can be divided into blocks based on
percentage of project cost and revenues allocated commensurately. Blocks of shares are offered
based on predefined divisions and any unallocated (shares not purchased) are offered in
subsequent class offering until all shares in the project are allocated (sold), thus raising the capital
needed to develop the project. Any unallocated shares would be purchased and owned by the
project sponsor (Town) who would be prepared to own 100% of the project if there is no interest
and no shares are sold. Prices of shares could reflect adjustments based on degree of perceived
impact of the project based on distance, such that those participants who are closest to project
have greater financial incentives from development of the project. Again, given the low wind
resource, a wind turbine project is unlikely to attract community interest.
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7.0 PROJECT RISK FACTORS

There are risk factors inherent with implementation of a wind turbine generator. Most of the risk
factors associated with wind turbines have been investigated and are well documented in the
literature. Proponents and advocates of developing wind power, which include the America Wind
Energy Association (AWEA), have developed publications designed to educate and dispel certain
myths associate with the risks and hazards of operating modern wind turbines. The risk factors
considered for this study include: Hazards to human health and safety; Hazards with aeronautical
navigation or interference with radar and other facilities; and Financial risks. Each of the factors is
discussed below.

7.1 Human Health and Safety

The hazards to human health and safety include basic life safety issues associated with
construction of the wind turbine. Given the height of the theses facilities, there is a risk of slip, trip
or falling during construction, where complex rigging operations are involved. This factor is
effectively mitigated through use of trained, experienced personnel during the construction,
operation and maintenance phases.

There is also a risk, however small, of a catastrophic structural failure of the turbine and potentially
resulting in death or serious bodily injury from falling ice, ice throw, parts or components. Installing
fencing around the perimeter of the wind turbine can mitigate safety issues. Access limitation and
control over the personnel who have access to the wind turbine will mitigate some of safety related
risk factors. Security and access to the facility can be closely monitored and restricted, further
reducing the risk of injury or harm.

Much publicity and study has been given recently to wind turbine sounds and potential health
effects associated with wind turbines. The alleged health effects, commonly referred to as wind
turbine syndrome, include reported symptoms such as tinnitus, headache, nausea, vertigo,
sleeplessness, and agitation. While the scope of this study is not intended to address these
issues, we believe that these issues tend to be raised by a segment of the population who may be
annoyed by wind turbines and have a general predisposition of dislike towards wind turbines.
Notwithstanding, we acknowledge that wind turbines are large industrial pieces of modern
equipment which do make sounds and can be seen, sometimes at great distances due to their
size, and the opinions of this segment of the population who are opposed to wind turbines should
not be summarily discounted and such opinions should be heard and considered in the siting of
any wind turbine project where residential population might be affected by an operating wind
turbine.

7.2 Hazards to Navigation and Radar

There is a risk that wind turbines can result in interference with radar or pose a hazard to
aeronautical navigation. The hazard to navigation may be mitigated through installation of
additional navigation aids; however, the evaluation of the costs and benefits of these types of
improvements are beyond the scope of this assessment. As noted earlier, a request for
determination for a nearby location has been filed with the FAA. Preliminary studies indicate that a
structure height of up to 500 feet AGL would not likely pose a hazard to air navigation.
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7.3 Financial Risk

As discussed briefly in the preceding sections, there are several economic risk factors that could
significantly impact the expected financial performance of the proposed project. These factors are
as follows:

Turbine Cost and Availability

Based upon the research conducted for this study, procuring a single commercial scale turbine is
not a straightforward process. There are relatively few established vendors with proven equipment
that are interested in selling a single turbine, and pricing is subject to significant variability due to
procurement timing, currency exchange rates, and other factors. It is clear that definitive pricing
for the turbine sizes evaluated for this project will not be available until a procurement decision is
made. In addition, it should be noted that current delivery schedules for a single large scale wind
turbine, assuming a turbine can be procured, range from 12 to 24 months, or more. Several
manufactures of a 600 kW wind turbines (Elecon, RRB) have begun to fill single turbine orders in
the North American market; however, many second or third tier turbine suppliers have difficulty
providing maintenance and support service resulting in increased turbine down time. Construction-
pricing variability (cost of concrete, steel, etc.) also becomes a significant secondary concern for
budgeting purposes.

Energy Requlatory Framework

The passage of the Green Communities Act of Massachusetts in July 2008 which increased the
net metering criteria for wind generators from 60 kW to 2 MW, with the ability for virtual net
metering, created a framework with significantly positive impacts on the financial performance for
eligible renewable energy projects. The increased size and ability for virtual net metering, which
previously limited use of energy generated from a renewable energy project to on site use, with
excess power made available to the grid at wholesale rates, now permits excess power to be
applied to other meters in the same ISO NE load zone to receive the credits mandated by the
legislation. Net metering takes effect on December 1 under an order adopted by Department of
Public Utilities (DPU) on November 13, 2009. The Act stipulates net metering credits for
municipalities include credit for the per kilowatt hour default service rate, distribution, transmission
and per kilowatt hour transition charges.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

A feasibility study has been completed for the proposed construction of one large scale wind
turbine in the Town of Millbury, Massachusetts. The study presents a comprehensive review of the
critical factors and considerations analyzed as part of the feasibility for installing a wind turbine at
the Butler Farm property located at 44 Singletary Road. This feasibility study incorporated
thorough evaluation of virtual MET mast and existing published wind data; electrical usage,
consumption and generation; economics; environmental, avian and noise impacts; engineering
assessments and permitting issues towards development of a commercial-scale wind turbine.

The feasibility study addresses the technical and economic feasibility of construction of one 100
kw to 1.8 MW wind turbine at the Butler Farm site in Millbury. Conceptually, construction of a
single large scale wind turbine could be used offset electrical consumption at multiple Town-
owned facilities through virtual net metering. Based on the result