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Abstract

The goal of the project was to perform a feasibility study to assess the potential for installing a
wind power at a potential site at Worcester Academy. The methodology included hifiéastudy of
three wind turbines. This feasibility study included a series of investigations addressing wind data and
energy, wind turbine selection, and financial feasibility. The wind study included estimation of amount
of wind energy that could be gerated, and the determination of the ideal site placement for the wind
turbine. A financial projection was performed with consideration to a twenty year span in order to
determine potential savings provided by a wind turbine. The overall conclusion aathére is

potential for installation of a wind turbine to at Worcester Academy.



1. Introduction

¢tKS SySNH& ySSRa GKIF G [ NdtinkdBdly drbviidguml o séliadce R & Q &
on energy is unavoidable. Nonrenewable energies such as the combustion and burning of fossil fuels
have been the main source of energy worldwide since energy was first harnessed. Nuclear plants have
also been able to provide another soarof energy across the world and have proved to be viable
sources of energy in less populated areas and areas with low amounts of fossil fuels.

It is becoming evident however that fossil fuels and nuclear plants are not the only forms of
energy that we sbuld be using to get us through day to day life. Research into renewable energies
began decades ago and the availability of it today is the highesféJsa, the fact that energy costs
are reaching prices never recorded before and élxpenseof instaling renewable energy concepaise
decreasing gives reason for excreased efforto move towards renewable energy sources.

One school that is planning to start using renewable energy as a way to gewarnipus is
Worcester Academy. Worcester Academiboarding collegpreparatory school thaboards140 high
school students and has another 640 day students in gradds Bhe school, located in Worcester,
Massachusetts has created a list of standards that they plan on being able to set in pladd b®26

2F 0

R

SasS a adsesRsuppRtaand sastain Bs cammunity and educational programs through
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created the need to expand from addressing day to day sustainability issues to a larger scale project.

L (AWEA, 2007)

% (Why Clean Energy is Important: Overview)
® (SwiftHook, 1989)pg. 3

4 (Worcester AcademyStrategy)



Accordingly the objective of this projeitt assesshe feasibility of adding wind turbine tothe
Worcester Academgampusin order to cut power costs antbntinue the academies efforts to turn its
campus into a more sustainable entifyo determine the feasibilitysocial and regulatory implications as
well as thefinancil feasibility in the proess in installing the wind turbine on the campus of Worcester
Academymust be consideredlhe proposed location of th&ind turbineison a sixacre plot of land
owned by WorcesteAcademyto the South of their main campus. The goaltfor project is to devise a
three pronged financial approach to the construction of a wind turbine on this part campus to serve
2 2NODSaiSNI ! OFRSyeQa SySNHe@ & dza iwl prgvideokrfsgorisér y SSRa ¢
necessary steps in regards to regulatory conditions, Massachusetts sustainability laws, and local laws

that need to befollowed.
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Figurel: Proposed Site Indicated by Red Dot

In order to come up witka proposal for a suggested wind turbine research into wind turbines
and wird energyhad to be completedThis began with the usage of general available text on
background information and recently completed projects in the area. With understanding of what it

would take to complete such a project as we would be proposing, thebidigsof the project being



successfully completedas determined. The look into the feasibilibcluded the location of the site,

available funding and grants, passing or local regulations, and projected savings.



2. Background

In order to complete auccessfuteportit is necessary to have a strong understanding of the
material you are discussing. The research that was conductprbtadethe background included
information on wind energy, wind tuibes, generators. Research wamneto lookinto Worcester

Academy, the proposed site, and wind data collection including the mapping software, ArcGIS.

2.1 Wind Energy

Renewable resources are the wave of the future. With depleting fossil fuels in the world, nations
need to start to turn to renewable and alternative resources in order to fulfill the increasiad for
electricity and powerVarious different types of rawable energies includeind power, wave power,
tidal power, solar power, hydro power, geothermal, biomass, and biofuels. Each of tiesedb
renewable energy help® save on the use of fossil fuels, and other nonrenewable resources such as
coal, oil,and natural gas. The uses of these renewable resources alstohaipdown on pollution of
the atmosphere, depletion athe ozone layer, lower greenhouse gas emissions, and reduce the growing
global warming crisi3.

There were many uses since the beghg of time involving wind energy. Theséginal uses
were to propel sailing ships across the water and also to use the energy and convert this into mechanical
energy in order to pump water or to grind graim the present timethe primary objectivdor wind
power is to generate electricifyusing what is known as a wind turbiniéor large energy generation
these turbines are arranged in large quantities called wind farms. These wind farms can be as small as a
few dozen turbines, or have as manyl®® turbines.

Overtime the overall design of wind turbines have changed dramaticdllye older turbines, or

windmills, used to consist of four blades, which were made of wood, each of the sails on the blades

> (Diversifying Sources of Electricity )



were made of some type of strong fabrithese turbines used to be used for two main reasons; one
was to crush up stone, corn, and other things, into a fine powder in order to crush them using a big
wheel inside of the turbine. The newer turbines are typically three bladed, metal structurese Th
turbines are very high in efficiency, have a fairly low amount of torque, have tip speeds, speed of the tip
of the blade, of up to six times the wind speed, and are also extremely refiable.
2.1.1 Global Interest in Wind Energy

There are many coun@g that are starting to focus their efforts in wind power. In 2007 the top
5 countries for wind power capacity were Germany (22,247), United States (16,818), Spain (15,145),
India (8,000), and China (6,05@ach of these 5 countriesonsumesa certain grcentage of their total
electricity usage in wind power. Germany had a 6.8% usage, United States .77%, Spain 9.7%, India 1.9%,
and China .172%. Each percentage is the amount of their total electricity usage that was based from
wind power.With the effoits that the nations are putting in, the world is on track to be sadtiddpillion

tons of C@by 2020, which would turn out to producing 12% of the world power from wind pdwer.

Tablel: Countries Contributions to Wind Power frd2005 and Future Estimatédnkhmatov 2008)

Country Present Wind Power Projected Wind Power

Spain 10 GW 12 GW by 2010

Germany 18.4 GW 30GW by 2030

Great Britain 1.1 GW 6.2 GW hy 2010

Netherlands 1.2 GW 6 GW by 2020

Sweden 500 MW 2.7 GW hy 2015

USA 6.4GW 10 to 84 GW depending on Legislation
Australia 250 MW 6.7 GW proposed

As of the end of 2008, the United States had 25.1 GW (25,100 MW) of wind energy capacity, this

caused them to surpass Germany to become the world's leading wind energy max@d8ithe United

® (Darling, 2008)

" GWECGIobal Wind Energy Outlook 20@R08.
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States wind capacity increased a total of 50%, which is vastly higher compared to the average growth of

the 2 Nicdpazity at 28.8%

2.1.2 Local Interest in Wind Energy

On a state level, the amount of funding for research and developmewind energy is
increasing at a consistent rat€o ensure that th€€ommonwealtlof Massabusetts was doing the most
it can to develop and use renewable energy the state government created Massachusetts Technology
/| 2T € 02N 0ADS 0adIdNILRESMAWY DSt RS aa ®/SARAYYAYyI KFa o
SYGANRBYYSY (G ¥F2NdaalYLNR@Sdz KBG dj&dzk I1f i @ BT ndwA TS G KNE d
offers the largest grant program for renewable energy projéttslassachusetts including the Large
Onrsite Renewables Initiative (LORI) grenat awardup to $400,000 per project.

In the last couple of years the amount of wind turbines being constructed and proposals created
for more in Massachusetts has been on the rise. One project that was funded in part by the MTC was
the Holy Name J6rHighSchool wind turbine constructed in Worcest&he construction of this turbine
wascompletedin 2007 and included @0kW wind turbine. MT@ontributed$575,000 to the
completion of the project which covered partial costs of a feasibility study as wibkedsrbine and its
construction®

A second project that received the LORI grant from MTC is the wind turbine constructed at
Massachusetts Maritime Academy in Bourne. This project completed in 2006 is similar to the Holy Name
project and included the sl £ £ F GA2Yy 2F | ccn 12 Gdz2NDBAYS 2y aal! Qa

$1,344,500, $520,808 of which came from MTC in the form of grants.

8 (Energy Sector Research)

? (MTC History (2005))

1% (Holy Name Central Catholic Jr/Sr High School, 2007)
1 (Massachusetts Maritime Academy, 2006)
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A third wind turbineprojectthat received the LORI Grant is a 10kW turbine located on the
location of Upper Cape Cdtegional Technical School also in Boufités turbine is the smallest
allowable to still apply for a LORI grant. To help aid in the financing of the turbine and the feasibility
study that went along with the construction the school received $428,00@eqintg)from MTC. As noted
in the project overview, Upper Cape Technical has also received other grants from MTC for their
renewable enegy curriculum and photovoltaicells*?

One site in Worcester that has also received the LORI Grant is the location©hii$tepher
House.The Christopher House isarsing and rehabilitation center that is located to the north of
Worcester Academy. So far, The Christopher House has received $37,782 from MTC for a wind power
feasibility study that was given out in May B)With the study finishing in the next few months The
Christopher House will become eligible for up to $400,000 more from MTC is their site is found a viable
wind energy sourcé’ If a wind turbine is added to the site it will be the second wind turbirstsilted
south and east of Route 290 in Worcester, the firsing at Holy Name High School. This leaves
opportunity for Worcester Academy to install the third turbine in the aféigure Zoelow shows the
locah 2y 2F | 2f & bl YS EasaKack ddehtte Botomibitedigung, Fhed A
/ KNAAG2LIKSNI 1 2dzaS$Qa LINRLRASR aAGS a + INBSYy OAND

proposed site in red on the left side Bigure 2

12 (Upper Cape Cod Regioff@ch Schoe!Wind Feasibility Study, 2007)
13 (Christopher House Feasibility Study, 2008)
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Figure2: Siteslnvestigated for Viable Wind Energy in Worcester

2.2 Wind Turbines
2.2.1 History

Wind energy was first harnessed circa 200 BCE by the Persians in the form of a panemone, a
AAYLIE S RNI}3I RSOAOS LRGSNBR o0& GKS ¢ firsfodumeénied FANAR
until 118 ACE in Normandy, France. ThechWindmillthen spread throughout Europe in the
following centuries andhater into Asia. It is estimated that by the nineteenth century China was using

nearly 500,000 windmills, the equivalemt the amount used across the entire continent of Eurofiee

13



first windmills started to cross the Atlantic Ocean into the United States around{@&@ording to
historian Walter Prescott Webb, the windmill was one of the most important inventions wiatiche
spread of farms across the Great Plains as it allowed farmers access to water for herds that was

otherwise unattainablé®

Figure3: Dutch Windmill circa 1880

The first modern wind turbines that used generators tavao them were created in the 1930
to help backup machines on military bases in Europe. The first modern turbine to be constructed in the
United States was the WE a threebladed, 25 kW turbine constructed by US Windpower of Burlington,
Massachusetts. EhWF1 was built in 1971 and was used as a teaching tool for the construction of

turbines throughout the 19904°

2.2.2 Specifications and Requirements
Wind Turbines can vary tremendously in size, and also in shape. Ebdicle taias a specific

kilowatt (kW) output that is generates. This wattage is normally based upon the size of the turbine, the

% (Gipe, 1995)pg. 118
*(Gipe, 1995)pg. 122
'8 (Manwell, McGowan, & Stoddard)
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smaller the turbine the smaller the wattage output, the bigger the turbine, the larger the wattage
output. There is an equation that states how the power tdibine is determined, this shows how the
power transferred to the turbine itself is directly proportional to the density of the air, to the area that
rotors turn, and to the cube of the wind speed.

t ' mk HA®h © 7 NJ

PAad (KS LI ¢ SaNEficigncydfdctdriihat X deterndingd by the design of the turbine

AGasSt ¥y ° A& GKS RSyaAade 2F GKS FTANIAY T1Af23INFYa
and v is the velocity of the air in meters per secohd.

In order to placea wind turbine there are multiple factors thateed to be considered. First
the necessitiess determiningwhat size of a turbine thas to be used The size could vagnywhere
from a 100 kW turbine to a 1 MW turbin€he determination of sizdepends on the power demand
that must be met Second, and probably most importafihance must be considered. One option to
seekfunds isthrough grants that are given by the state and federal governments. Also the elevation
plays a part in decidg where b put a turbine. Higheglevatiors are associated witfasterwind
speeds and lowerelevations implyower wind speeds Turbines can be plaeg various elevations and
can be placed in wat@r onland. When placing a turbiné is often helpful to the advantage of the
funnel effectassociated witlthe landscapen the area. This effect essentiatlgncentratesthe wind in
one specific areawhich results in highexind speeds in a given area. Other factors that come into
account are the temperatureAreas that lave extremely low temperatures (e lgelow-20°C)open up
the possibility of ice accumulation on the rotor, or motdrhe accumulation of icean cause high loads

on certain areas and possible damage to areas of the turbiine ice problentan be fixed with

" (American Wind Energy Association)
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different lubricants, different alloys that the turbine is made out of, and even including inteezdérs
inside of the turbine'?

Finally here are also requiremenissociated with theurbinesthat must be addresseuh order
for the turbineto be built. The minimum wind speed needed in order to power a turbihgisally10
mph, or 4.5m/s. The ideal conditions for a spotrtstalla turbineinclude in an area \th a relatively
constant wind flow, andelatively few turbulent gusts of windhis is because turbulent winds can

damage or even knock over a wind turbine. Figure 2 shows the average wind speeds in th& nation.

Figure4: U. S. Annual Wind Power

This is determined by various differentagling of blue. The darker that the area is the higher the

average wind speeds are for that given area.

18 (American Wind Energy Association)

19 (Massachusetts Technology Collaborative)
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