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ABSTRACT

This report outlines an extensive study done at Worcester Polytechnic Institute about the
feasibility of awind farmin Worcester County, MA. Technical aspects, potential locations,
social implications, environmental impacts, political support and economic impacts are each
comprehensively examined to determine whether a fairmd would be a possibility for this
area. Tle report is concluded in a discussion on the tipping point of wind power both in

Worcester and in the U.S.
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EXECUTIVE SUMMARY

This report has found thatvand farm could be very beneficial to the larger Worcester
County communitySpecifically this project suggests to the city of Worcester that it should
install an eight to ten turbine wirfdrm on the area encompassing Green Hill Park and the Green
Hill Golf Course. This wind farm would generate approximately 60 to 75 thousaraivatig
hours of electricity per yeand should meet the electrical demands of approximately 25,000
people in WorcesteiThese conclusions were reached by investigating the various attributes

involved in designing a new wind farm location.

Sevenof themain hills inthe city ofWorcester, MA were investigated as possible wind
farm locationsand compared based on elevation, available land area, and average wind speeds
Closer looks into each of these areas showed that Green Hill and Airport hill botidave
neededttributesfor installinga wind farm Several availablevind turbinemodelscurrentlyin
production by companies such as GE, Norwin, Clipper \@siaswverealsocompared to find
the bessuited wind turbine model for thecommeral scale windarm in WorcestertGEG6s 2. 5
megawatt model was found to be the best fit currently in production that matched theesites

based ompowergeneration and availability

The social implications dhewind farmweretaken into accourtb determine the
accetance this site should expeResearctdone in this projedias shown thanhostpeoplein
Worcestesupport wind farms when the site is chosen Wéills research involved surveys at the
Holy Name School in Worcestand on an internet site thaceivessurveys from people living

in Worcester.
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This report has found that the environmental impact of a wind turbine farm is minimal.
Based on research done in this repatsiae the only animalssignificantly affected bywind
turbineinstallations due to #ir frail lungs that can be injured by pressure drops around the
blades of the turbinesny otherenvironmental damage caused by building thevedg found to

bemuch less than that of a typical power plant thesteforemay be ignored.

Economically,a wind turbine farm such as the one suggested by this report is a large
investment with a long return on investment period. Howevign, the recent stimulus package
made by President Obaraad other sources of financing madailablefor green energy, the
initial cost of the site could be reduced alongside the time needed for return on investment. Local
politicians includingRepresentative Jim McGovern, Mayor Konstaatiukes, and Senator John
Kerry, werealsofound tosupport of green energynd should bsupportive toward the new wind

farm.

Previous studies done at Worcester Ragdlinic Institute including a pridurbine site
feasibility studyand arecent study done on Nantucketre used to conclude that tfiEpping
P o i in ¥Warcester and in Amerida about to be reachethis concept says people such as T.
Boone Pickens;onditions in the areandthe notability ofan idea all contribute to the point
where the idea begins to spread rapidlyis report concluded that new technology and a more
informed population are leadingthewayato f ut ur e wi th a high percent
being produced by green energy sources. It is recommended that a follow up be performed

investigating the progress of new wind generation technologies discussedreptnt.
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INTRODUCTION

The popularity of renewable energy is apparently on the rise in the United States and
throughout the world. Global warming and the price of electricity has called for alternative ways
of producing energy that are less harmfulhi® environment as well as less costly for the
consumer. Wind farms have been implemented throughout the world, and are being considered
in many other places such as Cape Cod, Massachusetts. Whether or not a wind farm is feasible in
Worcester County inveks examining potential locations and current technology, exploring the
social implications and the environmental impacts, and studying political and economic

influences to determine achievability, all of which is accomplished in this report.

The first setion of this report discusses potential locations. Possible locations for a wind
farm include Worcesterds Seven Hills: Airport
Vernon Hill, Grafton Hill, and Green Hill. This report focuses mainly on GHi#ras a

potential site for a farm.

There are several models currently in production by companies such as GE, Norwin,
Americads Wind Energy Inc., Clipper, Northern
report explores these models for suitapiéit the potential Green Hill farm. There is also new
technology in progress, such as upgrades in horizontal axis wind turbines and a completely new
style by the company Mass Megawatts. Research, such as new models and improvements to
existing models as Wleas improvements in efficiency, is also in progrddse turbine model

best suited for Green Hill is the GE 2.5 megawatt wind turbine.

The social implications of a wind farm should be taken into account when performing a
study on wind turbines, and thard section of this report addresses this. A medical condition
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called AWind Turbine Syndromed has been resea

recognized by medical agencies. Another soci
phenomena, anthére have been studies done regarding feelings about turbines when in motion
as well as of tourists in Scotland. The Holy Name School in Worcester recently erected a wind
turbine, and a survey of the school shows a positive trend in attitudes towandbiie.

survey placed on the Worcester Craigslist also shows positive feedback for a potential wind farm

in Worcester.

Environmental effects of any building structure need to be explored, and is accomplished
in section four of this report. With a strumusuch as wind turbines, flying animals are of the
utmost concern. There are no major bird migration paths that cross near Central Massachusetts,
however srveying the Holy Name School and the greater community on the Worcester
Craigslist shows that birdge a concerrAnother concern is bats, some species are reported as
having issues with the pressure drop close to turbines. There are no emissions due to wind
turbines, however lubrication oil can leak. The clearing of woodland areas is generally
unnecesary for turbines. A consideration is the manufacturing process, however until factories

are powered by renewable energy this concern must be neglected.

Section five of this report addresses the economic impacts of a wind farm. Economically,
harnessing wid power for productive means is beneficial, and has been used for many years in
many different ways. The government has been encouraging alternative sources of energy;
however public demand of these sources usually depends on the current price oftpeetrol.
current stimulus package by President Obama dedicates a large sum of money towards the
development of alternative energy sources. Other solutions to make a turbine site more

economically feasible include dual use with another type of facility.
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Sectionsix discusses political support. Politicians are also an important factor in a wind
farm as their support is instrumental in gaining public support. Local politicians include
Representative Jim McGovern, Mayor Konstantina Lukes, and Senator John Kealyahac
state voting records show an increasing trend in support of green energy. The government has
great plans for alternative energy sources. Globally, wind turbines have been beneficial and

alternative energy seems to be becoming a global trend.

Sectionseven explores previous studies done at Worcester Polytechnic Institute,
including a prior feasibility study, the study that resulted in the Holy Name School receiving
their turbine, and a very recent study done on Nantucket. Section eight exploresaheid f A T h e
Ti pping Pointo, which shows that a small numb
such as T. Boone Pickens are essenti al in alt
explains that the conditions in the area, such as the egomdl supply and prices, and current
technology determine whether or not public support is earned. Commercials, news stories, and
knowledge of turbines determine whether people will remember them or whether they will
become a distant memory. The finattéen discusses the future of wind energy in Worcester,

MA as well as in the country at large.

A wind farm in central Massachusetts, particularly Green Hill, would be marginally
feasible. Wind speeds very nearly reach that which is required to produtieigleand the
community at large is supportive of alternative energy. The environment will not suffer nearly as
much as it currently does with coal and oil energy production, and politically and economically
there is much support. A wind farm could beredibly beneficial, or it could be a misuse of

funds in Worcester County.
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POSSIBLE WIND FARM LOCATIONS

Locationis arguably the most important aspect in any wind farm project. Up until recent
years wind turbines only inhabited two distinct locationseSEhwere open plains and deserts
like those of California and near wealthy people who have an interest in green @rex@y.the
most profitable wind farms in existence is the five thousand turbines in pldebdachapi
Mojave, California.This site usg relatively small 108 kilowatt turbines across the entire
Tehachapi Valley. Together the five thousand turbines generate approximately 1.3 terawatt hours
of electricityper yeawhich is enough to meet the electrical needs of about 500,000 southern
Californians.[Wind Plants of CalifornialVhile deserts and mountains are the best places for
wind farms on land, wind farms put out in the ocean are extremely productive. Anyone that has
been to the beach can verify that windsaftenstrong near the oceanhd large open area
above the water allows for unobstructed wind paths and the cool air coming off the water causes
wind from temperature differentials. One such wind farmihiait the procesof being designed
is Cape Wind on the Nantucket Sourihis project has seen a lot of support and a lot of
oppositionbut it finally got approvethy The Massachusetts Office of Coastal Zone Management
in January of 2009aying that the wind farm meets their environmental requirements. The site
still anticipatedo be fully operational in 2010. The wind farm should supply about 1.4 terawatt
hours per year to the Cape Cod af€ape Wind]The choice of thes®vo locations was vital in
to thesucces®f these projectsnlorder to have this project be a successek it will have to

investigate mulple candidate sitdsefore making aecision.

In order to find locations in Worcester County that are suitable for wind turbine farms

wind maps and maps of land ownership of Worcester Coveity employedThe problenwith
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many of the best locations around Worcester isrtiagtwindy sitessuch asCascades Park and
Green Hill Parkend to be on hillsMost of thesdills have been made into state parks and
reservesand because of thismaybe harder to get approval from the commufuoty

construction at these siteéSeveral possibilities were investigated for wind farm sites including
farm lands in the county as well as other sites that may have the spataliseveral turbines.
Many d these sites thatrefarm lands were at too low of an elevation to have usable wind
speedsOne such site wddourse Farm in Westborough, MAat sits at 122 meters above sea
level. This site would have a good amount of open area but wind speeds thegesaround
only 1 meter per second or 2.1 mglther sites had travel rtees that would impede the process
of delivering the parts of the turbine to the sewind turbine is put together using several large
pieces and requires wide roads for piecdsetbrought to the sitédn example of a sitthat has
insufficient travel routes that may not allow easy transport of gaBancroft Hill whichis

investigatedater in this section.

In the endhe scope of the prajewas reducetb concentrate othe seven hills that are
said to make ughe city ofWorcester. Any one of these hills should have the best wind speeds in
Worcester since they are above the average elevation in the city. iBdtayurel there are two
maps provided by thilassachusetts Technolo@pllaborativel Community Wind] The first
map shows the winspeedsn Worcester while the second shows who owns the land. Both maps
have been modified to show the locationshef $even hills with yellow dat¥he red dot

indicatesGreen Hill which will be the primary target of this report.
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FIGURE 1: WIND SPEEDSAND LAND OWNERSHIP IN WORCESER [COMMUNITY WIND]

Initially, Airport Hill was considered a likely sitsince the area was well known to have
relatively high wind speeds as wal a large land area. Howeytis projectinvestigate eath

of the hillsto determine which woulde the primary candidate.
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Green hill was found to hawe/o possiblevind generatiorocations on it, a golf club and
a parkthat are both owned by the city of Worcesi#re park is located in the middle of
Worcester and surrounds Green Hill PoBdeen Hill has an elevation of about 230 meters
which puts it high above Wor c[BGNtDomedts Naanesg r a g e
This height means that wind turbines on Green Hill will have access tomehwind with
virtually no obstructionsThe pond alsadds to this sites feasibility since wirgpbeedsncrease
in the open space abokedies of watetWater also causes temperature differentails to the
fact thatthe water cannot change tempera@sdast as thair around it. This generates wind in
the areaue to the law of diffusion which states that the warm air around the area will move to
balance with the cooler air above the waeomFigurel it canbesea that Green Hill is
owned by the city and has averageds at about 14.5 mph or 6.5 meterssg@ond The golf
course is also a very feasible site since it covers a large area and has veryrigstiatst The
course itself imbout 1 kilometer longSince it is a golf course it is closed during the winter and
couldbenefitfinancially from adding a source of income such as a wind farm thaldwwasper
in the winter monthsThis is the concept of elocation or dual use of a turbine site that was
discussed earlier in this sectigwverall Green Hill is consideredwaable candidatsitefor a

wind farm and will be taken into consideration.

Grafton Hill is in the souttwest of Worcester andontainsdeveloped land comprised
modgly of restaurantd-easibility of a possible wind farin this locationis very lowdespite
average wind speeds arouditheters per secondhis isdue to lage scale commercial
developmenof the aea One possible location near Grafton Hdlon the corner dbartmouth
Street and Whitehall Avenu&his forested location haan areaf deforestationn the middle.

The landappears tte privately owned as of 2003 as shown by the land ownershipTimiap.
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can be further investigated later if anoth®re promising wind site is not fouplout for this

projectGrafton Hill was removed for the list of feasible sites.

The third hillinvestigatedvas Pakachoag Hill. This hill is home to a golf courseljks
Green Hill however thisaf course is much smaller andethverage wind speedskower,
aroundé meters per secondhis is due to its low elevation of about 135 metB&N:
Domestic NamesThecourse icomprised obnly 9 holesasopposed to Gaen hill which has 18
holes. Thidack of spaceand lower wind speeds make Pakachoagahiiss desirable location

than Green Hill and as sudhijs site was not investigated further.

The next hill to be investigated was Belmont Hill. Tloisation contains Bell Hill Park.
A park is a good location for wind turbines since they usually cofgaimbstructions to the
wind and plenty of space for a wind farraking a look at a map of the park it wasnd that
Belmont Hillis adjacent to GreeHill Park.Belmont Hill is also at a lower elevation of 153
meters when compared to Green HBGN: Domestic NamesAlso, looking at a map dell
Hill Park shows that its much smaller than Green Hill Park and that the best land for a wind
farm is abng Green Hill ParkwayFor all of these reasoisvestigation will continueising
Green Hillinstead of Belmont Hilunlessinformation is foundhat would proveBell Hill Park is

themore feasible location.

The fifth hill investigated was Bancroft Hillhis hill sits near th&/orcester Polytechnic
Institutecampus and it best known for Bancroft Tower, an old fort built on the top of the hill as a
lookout location. The hill is at an elevationaifoutl53meterswhich puts it slightlyabove
Wo r c e sverage élevation of about 147 met@B&N: Domestic Namedpon visiting the

location it was found that the area is free from obstructions however the top of the hill does not
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offer much area to develop into a wind farm. One tower at most could be put in the location and
construction could prove difficult since the hill is surrounded by a busy part of Worcester. Also
the road up the hils not improved and may not laede enou@ to deliver the larger pieces of

the turbineFor these reasons Bancroft Hilhs notfurther studkd.

The final sitethis projectconsideredvas AirportHill. This Hill is where théNorcester
Airport is situated and has been discussed as one of thdiketssites for a wind farm in
Worcester, MA. The airport is roughfysquare kilometeris area andits at an elevation of
about300meters[BGN: Domestic NamesThis would definitely behe most feasiblevind
turbinesite considering its geographittrébutes but it could also e most difficult site due to
regulations that take effect around airpofsy tall structures near airports need to be registered
with companies similar to Towair that check the zoning laws and height restrictions $aethe
Another complication with this site this report found was that the time needed to build the
turbines on site would minimize the profits made by the airport. The winddauid potentially
replace the currently unsuccessful airport and clear thebéeprs, but one major setbaskhe
fact that Direct Air, a Virgin flight servigdas announced it will fly planes from Florida to the
Worcester Airport[City of Worcester, Massachusettsthe airport were to get more
commercial flights to fly in andutand by doing so become more successfiig site may no
longer beafeasibleoption In this respect in addition to investigating this site the old Leicester
Airport would have to be investigated as well. This airp@$ shutdown when the Worcester
Airport opened. The Leicester Airport is located slightly Novist of the Worcester Airport
and the area in which itds | ocat edBedasssofbeen ¢
this the area may have to be cleared and would add to the cogti@iemting a wind farm.

Althoughthis project found thathe Worcester Airport would be the most feasibleation for a
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wind farmin Worcestern respect to its size and wind spedtis/ould be very difficult to
convince the city of Worcestertoallowu | t i pl e wi nd turbines to

trying to increase the airports number of incoming flights.

From all of these siteSreenHill was chosen as th@imary candidatéor many reasons
including convenience, quality, and feasibili&teenHill is approximately 200neterswide by
100meterslong and sits aan elevation of approximately @8netersabove sea leve]BGN:
Domestic Names|Vind samples taken atweathestation about a mile away at approximately
the same elevatioset the aveige windspeed on Green Hill to l#meters per seconalhich is

contrary to the wind speed mapHRigurel. This discrepancy could be the result of the fact that

the ma uses ranges to describe the average wind speeds or it could be the result of averaging in

wind gusts that are not constant. In any céasedard wind turbines requisewind speed of
about3.5metes per secondo constantly generate electricidthough thissites average wind
speedseems to fall below the required speaderagevind gusts in the area are around Yere
per second and theamuld allow sufficient generation of electricifyWeather Underground}
secondeference forthis i t e 6 s wchambd sesnpnehe Hay Name High School wind
turbine on Vernon hill. This turbine is at an elevation rou@flyneterslower than the proposed
turbine height at Green Hill and Holy Name is only 2 miles away from GreerjB{N:

Domegic Names]The IQP team from Worcester Polytechnic Institute that did the feasibility
study for the Holy Name turbine recorded average wind speeds of 3 meters per second at an
elevation of 230 meterJhisis fasterthanthe data from the weather stati@farenced earlier

and demonstrates that winds at the proposed turbine site on Green Hill should be sufheient
groupfrom the Holy Name IQP alagsed a simple wind model to determine the wind speed that

would exist at the height of their turbine hulddaund that the average wind speed6Git 2
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metersshould be approximately 5.65 meters per secidessen, Foley and Forbe&ajhce the

wind turbine suggested for GrekHiill is at a higher elevation than this, the wind speed at the
suggested wind turbine igét should be well above the require cut in speed of 3.5 meters per
secondGreen Hll also provides a large area of unobstructed land as seen in the photo below
taken in February of this year (2009). From these thdgeportfound that Green Hill ishe

mostviable option for wind farm placemeint the city of Worcester

FIGURE 2: GREEN HILL OVERLOKING WORCESTER
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Green Hill is not without problem3he first problem with this location is its size. Wind
turbines requirespacing of roughly one to two rotor diametérke standard GE turbine has a 77
meterrotor which means the park alooeuld only fit two wind turbines. Expanding to the golf
course would improve this number to around ten turbines and greatly increbsa ten 6
electrical generatiarThis circumstance givegay totwo possible wind turbine solutionas
shown below in Google Earti site withup totwo turbines or a full farm wi up to ten

possible turbinesThe image isnarked with possibla/ind turbine locations usingd dots

Overall the final site should produce approximately 7,500 megawatt hours of electricity
per year per turbine. This value is calculated feofarmula provided by the Massachusetts
Technology CollaborativgRenewabé Energy]This formula calculates the power supplied from
a wind turbine based on its maximum output at 100% efficiency and its capacity factor that rates
how efficient the turbine is actually generating power. For this report an average capacity factor
of 35% was assumed for a 2.5 megawatt turbine and the result was approximately 7,500
megawatt hour per year for one turbine. In conclusion, the suggested eight to ten simihes

generate between 60,000 and 75,000 megawatt hours of electricity per year.
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FIGURE 3: GREEN HILL SATELLITE IMAGES [GOOGLE MAPS
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TECHNICAL ASPECTSOF WIND TURBINES

Wind turbines have come a long way since they were first used iff ttentury by
Persians for the sole purpose of grinding graive bag idea behind a wind turbine is bave
the windturnafanl i ke set of bl ades that are connected
energy is then transferred to the ground using gears or in later cases using an electric generator
and wires to brig the generated electrical energy to the bottom of the tower for use in some
other systemin the 12" century wind turbinesvere used by Europearspump water, saw
lumber, and they were also uded their original purpose of grinding graMlind turbines were
also used in the United States farmping waterfroom nder gr ound dsring t he
beginningsand many of those systems are still in use toBmally, in the late ZBcentury,
turbines were converted to generate electricity ugiagzast power the wind can supgMind

Energy]

The first modern turbines that were used for generating electricity were made in the
1930s and were so inefficient that they could only be used to charge batteries for lighting and
appliances for homes thaere off the gridThe reasons for this inefficiency were the fact that
they were made of heavy materials like wood and there was a lot of friction in the system that
caused much of the energy to be lost to Haatines remained this inefficient untiie oil crisis
of the 1970s forced countries to look to alternative energy resources. While most failed at
harnessing wind power, Denmark was successful in developing a system efficient enough to help

power thé& country.[Wind Energy]

Themodern turbindnas beemven furtheir mpr oved fr om DRlesgmar kds o

Themainparts of a turbine are the tower, the rotor, and the nacelle. Thestowdder wind
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turbines were made of wood, stonebdck and allowed for very shoglevations.

Improvementsn construction materials hailead to turbines made of concrete, metal, and
reinforced plastis which can reach heights up tdleters. The rotor blades that were
originally made of wood and cloth, aluminum, or steel were replaced with fiberglass thiaides
are lightweight and calpe adjusted to best capture the windergy. The nacelle is the unmo

the top of the turbine also called the hub that connects the tower to the blades\sets the
kinetic energy from the spin of the rotor to anothemfaf energy. In the first turbines the

kinetic energy was transferred directly to function as a gringersing the spinning motion
Modern turbines change this kinetic energy to electricity using a generator. Generators have also
shown improvements sintleey first debutedOne versionncludes using a generator in
conjunction witha transmission much like a car. In this version the turbine can change to a
higher gear if the speed of the blades spinning could cause damage to the system. A second
version sestwo geneators for two wind speed ranges for the same reason. The most recent
version uses single generator with dual electric windings that praaidde same functionality

of two separate generatofg/ind Energy]

Overallthese components have aliproved such that wind turbines can convert wind
energy to electricity close to the maximum efficiency of 59% as determined by a German
physicist named AlbeBetzin 1919 This maximum rating is limited by the fact that wind
energy is the reason the wind is moving, so if all of the energy in the wind could be harnessed,
the wind would have to stop completely and this is impossitiefollowing graph(Figure4)
was derivedo showhow efficiently any given wind turbine can harness energy from the. wind

The graph depicts th@wer out versus the change in wind speed from one side wfrbiee to
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the other(Proof of Betz' Law)As can be seen in the graplower out over power in is at a

maximum at 0.59 or 59 percent.
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FIGURE 4: BETZ LAW POWER GRAH[PROOF OF BETZ' LAW

In order to @termine which wind turbine is best suited for use on Green Hill, various
manufacturersvereexamined. The primary wind turbine manufacturer in the United States is
General ElectricSince most turbines were found to have similasicpeeds of 3.5 meteper
second and because this report is investigating a large scale wind farm, only large scale turbines,
above 500 kilowatts, will be investigatgdE offers two large scale wind turbines, a 1.5
megawatt version and a 2.5 megawatt version. Since Greeaa alsmall location and

maxi mum power output is desired, this project

The 2.5xI from GE is advertised as being suitable from over 85% of wind farm sites in
development today. As such this turbine should be comeatiitih Green Hill. As seen in the
data sheet below iRigureb5, the turbine begins generating power at a minimum wind speed of
3.5 meters per secowd 8 mphand cuts out at about 25 meters per searréb mph, typical of

major tropical storm force wind$his model boasts hub heights at 75, &1d 100 meters. At
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330 meters, 100m ab pGreen Hilasamavaghiwind speedod | evat i on
approximaely 6 meters per second with wind gusts ud8&meters per second. These values fall

right within theoperating field of the turbine and give good chance of the wind at hub level

being around the rated wind speed of the turbine which is 12.5 meteecprd 3 his is the

speed at which the turbine is generating its rated power of 2.5 megawatts in orfeslsman in

the graph following the data sheet, the rated wind speed is the speed at which the turbine is

generating 2.5 megawatts and is at maximuioiehcy. [GE Energy]

Technical Data 2.5xI

Operating data

» Rated capaocity: 2.500 kw
* Cut-in wind speed: 3,5m/s
* Cut-out wind speed: 25 mfs
* Rated wind speed: 125m/s
= Wind Closs - IEC: g, b
Rotor

» Number of rotor blades 3
+ Rotor diameter: 100 m
* Swept area: 7854 m2
Tower

* Hub heights: 75 m, 85 m, 100 m

FIGURES5: GE 2.5XL TURBINE DATASHEET[GE ENERGY
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Power Curve
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FIGURE 6: GE 2.5XL TURBINE POWER CURVEGE ENERGY]

GEG6s design of the 2.5x| turbineommpareysd wi t
models. The turbine boasts performance, maintainability and reliability based on the design of
the generator system. The generdiself uses permanent magnetistead of conventional
copper coils and brush&sreduce friction. Thiseature eallts in lower maintenance costs and
lesselectrical losses. The h@isoincludes automated lubrication systems that ensure the turbine
only needs to be maintained once a year as well as a mainframe that isolates the gearbox from
unpredictable grid loadfGE Energy]For these reasons this turbiseai prime candidate for

placement on Green Hill.
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The second company this project examined was Norwin Wind Turbine Technologies.
This company was founded in Denmark in 1992 and boasts reliability as theifeatane
When first looking into this company it was found that the largest turbine it currently supplies is
a 750 kilowatt model which is much smaller than the models GE supplies. Another restriction is
the tower height. Where GE manufactures its towert® 40 meters, the Norwin model can
only reach 65 meters meaning GE can reach an elevation with greater wind speeds than Norwin
canreach [Norwin | Wind Turbine Energyln conclusion Norwin seems to being older

technology thaGE hasmproved uporandtherefore itrequires no further investigation.

Another company that produces turbines like those of GHipper Windpower.
Clipperb6s design comes standard with an 80 me
available. The turbinespowergue i s simil ar to the GE model 6s
meters per second, a cut out speed of 25 meters per second, and a rated speed of about 14 meters

per secondClipper Windpower]The power curve is shown belowhigure?.

Powercurve
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FIGURE7: CLIPPERLIBERTY TURBINE POWER CURVHCLIPPER WINDPOWER
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much more detailed data about their turbioesheir website than Clipper doegich leads to

an easier wind farm design and implementatiGtipper Windpower]

Vesta is the main producer of windrbines in Europe and also produces sanodels

in America Vesta 0
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which is a 2 megawatt turbine. This motiak similar cut in, cut out, and rated wind speeds of 4

meters per second, 25 meters per second, and 12 meters per respectively. Th¥estas

turbine power curve can be seen belpyestas]
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Between the two turbindhis project has selected the GE 2.5 megawatt model due to one
major oblem with Vestas. The Vestas Company does not provide their OptiSpeed
turbines to the US and Canada. OptiS@é&at Vestasallows their turbines to runrator at
speeds between 9 and 19 revolutions per minute in order to optimize their power output based on
current wind conditions[Vestas]in comparison GE is an American company that has expanded
over the world so all of its technology is available for use inX8eGE boasts four unique

systems that make it a major competitor in the wind turbine market.

The first of these features is callgd WindRIDETHRU® Turbine Operation System
which provides uninterrupted operation through any grid disturbances th#tooayr. This
system makes the GE turbine meet new transmission reliability standards that are akin to those
that are imposed on thermal generators. The second system is called WindCORPR®éEr
Regulation. This system allows the turbine to regulatewts power output just as conventional
power plants do todayhis reduces costs in running the turbine and stabilizes the frequency of
the system. Third on their list is the WindFREE Reactive P@vsgstem. This unique feature
eliminates problems caused inyermittent wind by supplying reactive power when the wind
isndot Dblowing. Using this feature the turbine
the need of reinforcement energy plafisally the WindSCAD&® system provides the tools
neededd run the wind power plant efficiently. This system allows intuitive operation of the
plant and easy maintenance control which reduces the number of workers needed to maintain the
site. The tools included with the system are a data server, a connecégotlydo technicianvia

computer and a service support center for added assisf@icEnergy]
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Another reason to choose GE over Vestas is the fact that GE has been interfacing with
Ameri cads power amdmhasdbeer providing @indypowetetmns since 2002.
[GE Energy]Overall GE simply provides more information on their product, more help in
implementing a wind farm, better services in America, and a high percentage of compatibility
with most wind sites in production and in existerfe@.these reasons this project suggésts

GE 2.5xImodelwind turbinebe used for a wind farm placed on Green Hill.
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SOCIAL RESPONSE TO WIND POWR

The acceptance of society is very important when consideringiadgyklarge structure.
If peopleliving in surrounding neighborhoods do not like the structure, their opinions can spread
and cause problems with the happiness of the community. Other factors to consider include
health affects in relation to the structure, as well as the affects it will have oattlral beauty

of the area.

Various studies have been conducted throughout the world related to the public
perception of wind turbineé newspaper article about Wind Turbines from New Zealand speaks
about the finot in my backyardd phenomena, whe
they are not anywhere near thdiaikato Times]Another issue is when there is wnd,
people wil perceive turbineas eyesores, but if they are moving, people will see them as useful
and beneficial[Social Edge]n addition, a study in 2002 found that tourists in Scotland came to
the country for its beauty, and did not find the wind turbines haabative effect on their

perception of the [MORUSacdtland 6s nat ur al beauty.

The Holy Name School in Worcester, MA recently erected a wind turbine, and a survey
was conducted about personal attitudes toward the turbine, véipanse of nearly 6people.
The respondents were mainly students between the ages of 12 and 18, with a small amount of
teachers completing the surveys as well. The complete survey can be found in Appdrdsx A.
survey showed an overwhelming majority of support for theinerrecently erected at the
school with 87% of people responding in the affirmative to whether they supported the decision

for the turbine tdoe placed, as shown kgure9.
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FIGURE 9: SUPPORT OF DECISIONO PLACE THE TURBINE

When asked to rate their geneppinionabout wind turbines on a scale of 1 to 5, with 5
being the most favorable toward thamd 1 being the least favorable toward thdéra,vast
majority of respondents rated their general feelings abimat turbines as a 3 or higher stsown

belowin FigurelO.

General Impressions about Wind Turbine
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FIGURE 10: GENERAL IMPRESSIONSABOUT WIND TURBINES
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