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Abstract

Following nationwide trends, the Greek Alumni Council at the Worcester Polytechnic
Institutehas commissioned a study to raise awareness of environmental issues within the Greek
community. The project consisted of a profesal@mergy audibf 2 houseswalk-through
audits of19 housesa focus group, and substantial background researchprofeet concluded
with a manual of recommendations that was presented to each chapter house ranging-from low
cost improvements to capital projects. Overall, the project aimed to contribute to the movement

of the academic community towards sustainable gnesg.



Executive Summary

Commi ssioned by the Greek Al umn,ithe@mpaesaci | 60s
of this project waso raise awareness within the Greek community of sustainability issues and to
find ways in which the chapter houses can redunesggy and thus save money each year. A four
part assessment of the Greek community was performed to aid the beginning of a green

transition. These steps are as follows:

Conductingenergy audits on all 21 Greek houses.
Determiningcost analysis for poterati savings.

Creatinga manual of recommendations for implementing green improvements.
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Developinga new GAC award to quantify the future results of the project.

In order to gauge the current energy consumption of the Greek houses, energy audits
were perfomed. A professional audit was first performed on the two Sigma Alpha Epsilon
houses by a professional auditor from Comfort Systems USA as a case study of what energy
auditing consisted of and to define the limitations of our auditing template. The team the
conducted walkhrough audits on the remaining 19 Greek houses and collected relevant energy
data within the areas of lighting, water, heating, insulation, appliances, and redyinged
the data collected from the audits in combination with codysisaechniques from a Microsoft
Access Database in determining potential savings and the associated payback period. Based on
general trends and energgving practices that could be implemented, a manual of
recommendations was created and distributedl fttouse managsrand Housing Corporation
presidentsThemain focus was placqatimarily on reducing utility bills through simple,
effective, and practical improvemersts as tashow mosefficiently the benefits of green living.

After analyzing the datand calculating the cost savings of quantifiable green transitions,
it was found that through many shéetm changes, a noticeable amount of money could be
saved every year for each Greek house. Based on the cost analysis findings, Table 1 describes the
average savings throughout the Greek community as well as the highest possible monetary
reduction.



Table 1: Cost Findings

Implementation Average Savingsper Year Highest Savingsper Year
CFLs $282.90 $1,148.55
T8 Huorescents $67.37 $273.01
Motion Sensors $562.37 $1,657.68
Low-Flow Shower Heads $305.19 $1,395.34
Low-Flow Aerators $669.49 $1,959.89

It is the conclusion of the group that the main obstacle to green living in the Greek
community is simply poor habits, suchlaaving lights on all night and not recycling. This
belief was confirmed through the discussion during a focus group of various Greek members that
washeld. Due to the fact that we weasely able to suggest changes and recommendations we
created the Sustainability Award to be included as part dftiagter Excellence Annual Report
within the GAC Awards Packet. Knowing that competition is a popular medium for inspiring
change, we beliewkthat thhough this award, whicimcludes a monetary prize of $2&® be
spenton energysaving improvemenissreek houses will begin to make environmental changes.

Shortterm changes determined to reduce energy consumption include:

Replacing incandescelight bulbs with compact fluorescent light bulbs (CFLS)
Replacing T12 fluorescent light bulbs with T8 fluorescent light bulbs
Installing motion sensors for high usage lights

Reducing water heater temperature to 110°F

Mounting lowflow water fixtures

Insulating hot water pipes
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Sealing cracks around doors, windows, and piping fixtures

There are also margnergysavingplans with a longeterm payback that we
recommended to the housing corporations to take into account. The purchase or a new boiler and
water tank to replace older systems is beneficial in not only having a more efficient unit, but also

in purchasing one that has a power output capacity appropriate for the size and needs of the
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house. The installation of Energy Stated appliances will crease efficiency while also greatly
reducing energy consumption. The addition of insulation to attics and walls will prevent heat
loss. It is necessary with this project to hire a licensed contractor to ensure proper orstallati
Replacing broken and gte-pane windows with Energy Steaited storm windows will similarly
operateto reduce heat loss. However, due to the long payback period associated with cost of the
work required from a professional, we recommend that this task be completed in conamigation

another construction project, such as residing the house, in order to shepayback period.

In order to directly present our findings to the greatastlver people, the project group
in conjunction with the Green Subcommittee has decided termresr findings at the GAC
Leadership Conference in February 2009. This will occur two months after the completion of the
project; however, t i s predicted to have a great effect
findings as well as reducing poor emonmental practices since our audience will be
representatives from every house, including all new members, and Housing Corporation

Presidents.

In an effort to persuade other Greek houses around the nation to consider their energy
habits and become awas&their environmental footprint, our project was circulated throughout
each of the national headquarters of those 15 fraternities and sororities settled at the Worcester
Polytechic Institute. In particulareachDirector of Chapter Services was contactaith the
pertinent findingsShortterm green transition savings were represented on an annual scale in
order to best demonstrate how a transition to green living is both environmentally friendly and

financially sound.
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1 Introduction

Going greens a broad term used to describe almost any action that reduces its own
environmental impact. Hybrid cars, zerarbon factories, and planting trees represent a wide
range of green initiatives. While the definition of a green lifestyle changes accardipmion,
for the purposes of this project, the term fig
of water, electricity, petroleum, and nogcyclable materials, and minimize the environmental
footprint left by Greek housingcommon green acins by Greek housing include using efficient

lighting, insulating chpter houses well and recycling.

The call for environmentally sustainable consumption is an issue that is being echoed on
college campuses worldwide. At the California Polytechnic Stabeelsity in Southern
Californiag, the Lambda Chi Alpha fraternity has already implemented a plan to demolish its
existing chapterhouse and to build a new LE¢dified Gold standard residen@&mes Press
Recorde, 2008) LEED, the Leadership in Energy and Environmental Design rating system, is
one the primary rating systems in the United States for green bui(dirfg§sGreen Building
Council [USGBC], 2008csimilarly, manyuniversities, such as Gloucestershire University in
England, are striving towards a completely green campus by implementing environmental action
plans while reducing energy consumption and waste cre@lmpherd2008) One of the
primaryreasons for this nemovement toward sustainability is tratileges are attracted to the
monetary savigs and prestige that green buildings afféror examplebuilding azero
emissionduilding would save money andct as ainiquepromoter toward reducing oe

environmental footprint.

The Greek community of Worcester Polytechnic Institute (WPI) is composed of 15 Greek
chapters, with 21 houses in total. These houses differ drastically in structural design and
infrastructue, as their ages range from 2 to lyHars old. Most houses have not been renovated
in recent years and are equipped with inefficient heating systems, outdated plumbing and
inadequate insulation. Along with the environmental impact of wasteful utiliigis,energy



bills are a drain on financels order to combat both the environmental and the financial

problems of the current Greek lifestyle, the governing body of the Greek communiBretsie
Alumni Council (GAC)commissionedesearch omlleviating he problem. GAGsked for a
threepart initiative to assist the Greek community at WPI through its green transition. Their
expectations incluadkenergy audits to be conducted on the houses, a manual to assist in
implementing green improvements, and a bg which to quaify future energy savingdhe
manualis a stepby-step guide on how to make an existing house more environmentally
sustainable. The audit rubiiga form that thdnouse managef a chapter will fill out

periodically, detailing theirlta pt er 6s ener gy use and gauging

or sorority.

Our goal wa to inform the Greek community about issues relating to environmental
sustainability, and to provide green living recommendations to the fraternities wahlaysttep
manual to reduce their environmental impact Tibst part of our plan wa®cusedon energy
audits of the Greek Community to gauge current and historicalicgotgn of resourcesThis
provided a benchmark against which theureimprovements to the houses can be judged. The
second part of our projecbnsisedof creatinga manual that detaithe improvements sugges
by the energy audits. Ldgta rubric wasreated that will beised to gauge sustainability and
identify future area of improvement within the Greek hogs&he main emphasis will be placed
on quick and practical improvements in order to most effectively begin the green transition and

provide evidence as to its success.

t
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2 Background

In order to foster a gredifestyle in the Greek community, it is necessary to define precisely
what #@Agreeno means to this project, and why o
previously stated, the definition of green, for the purpose of this projéiee gt of actios that
reducethe use of water, electricity, petroleum, and-necyclable materials, and minimize the
environmental footprint left by Greek housing. Equally important, however, anedtddor
green living, the techniques for saving energy and the guidelines that consumers can use to grade
their own level 6consumption. This secticaddresasthe definition of sustainable living, green

certification programs, energguditing techniques, dnncentives for a green lifestyle.

2.1 Sustainability

Lately, due to the concern of an energy shor@agkenvironmental pollutiom our
country, the issues of wasteful energy consumption are being called into question for reform
(Carmichael, Chameau, & Clough, 2006he
development of a sustainable living and working
atmosphere depends three main areas: economy,
environment, and society, as seenigufe 1. For an
environment to be truly sustainable, it must take intQ \/
account and address each of these topics ’ \
(Dautremorismith, Newport& Walton, 2008)
Whenapplyinggreen improvements to a current
living situation, the three are interconnected as
follows: going green reduces both energy Figurel: Aspects of Sustainability
consumption and financial costs which leaves les: (DautremomBmith et al., 2008)
of an imprint on the environmergndthuss uccessf ul ly addresses soci a

world, i.e. using our resources responsikthout placing a burden on future generations.



2.1.1 Sustainability in Higher Education

The significance of the link between education and sustainability was first recognized at
the United Nations Stockholm Conference on the Human Environment in 1972. This conference
was notable for being fAone of ttiedundamentalt | nt er
interdependency bet ween (Galden& Glugston, 2a0@dra. . he envi
was believed that by informing students and opening their eyes to the problems and solutions
with sacial and ecological issues, these concerns would be addressed early enough to reduce
their significance. Unfortunately, proactive action on the part of higher education has not
occurred until as of late, when the issues of energy consumption and theneevitdave
become a more pressing social issue. Derek Bok, former president of Harvard University

explains:

When society recognizes a need that can be satisfied through advanced educatic
research and when sufficient funds are available to pay#tgAmerican universities
respond i n ex emthé aherphand, evremsoaahnéeds are not cleal
recognized and backed by adequate financial support, higher education has ofter

to respond as effectivelyCalhoun, 2006p. 2

This explains why colleges and universities have started to take an active interest in
environmental sustainability only within the last decade even though this issue was recognized in
the earlyl970s.

Colleges and univsities are now also beginning to tackle and teach green issues from a
more profitable business standpois.the environmentomesto the forefront of American
social consciousnessompanies are creating initiatives and programs to evaluate and improve
their performance from a green perspecti®ecause of this rapidly evolving movement,
manufacturing and energy comparees looking for college graduates who already have at least
a basic understanding of green issues and alternative techiiGigpun, 2006)

2.1.1.1 Campus of WPI
WP, alongwith nearly one hundred other universit&soss the country, is taking part in

the Association for the Advancement of Sust ai
4



Sustainable Tradkg, Assessment & Rating System (STARS) program. This is a voluntary
rating program to compare the sustainability performance and trendBegfesand universities
across the country. A few tiiegoals of this program are to form a standard for creating
sustainable campuig credit those campuses making green advancements, and to share
information about the methods and performance of green initiatives across campuses
(Dautremorismith et al., 2008)The AASHE describes the rating system as follows:

STARS is comprised of two main types of credits: performance and strategy. Perforr
credits are based on quantitative measurements of sustainability performance, such
percentage of new buildisghat are built to LEED standards. Strategy credits focus ot
approaches or processes that can help improve an institution's performance, such a

adopting a green building policgDautremontBmith et al, 2008 p. 7)

The Bartlett Center, built in 2006, was the first building on the WPI campus to address
green concernd.he Bartlett Center is considered green in its ttanson and the ways in which
it saves energy while in usBuring construction, local and renewable materials were used, and
nearly 90% of all waste products produced were recycled. These materials included concrete,
brick, cardboar d, a tayoutand wiadow dagh hllewn&twahsurdight s f | o
to reach most areas of the building and drastically reduce the amount of artificial lighting that is

necessary to operate on a daily b&ai®1, 2006)

East Hall, the second grebuilding on campusvas comgeted during the summer of
2008 ands predicted to be LEERertified

with a gold rating by the U.S. Green Green roof cross “w“;/‘
Fibor momtrane . rnage < -
Building Council East Hall isa unique and a0 waterDrocd oot ropednt ke ",.

ecofriendly residence hall. The roof is
covered by 5,000 square feet of gragsch

will serve to absorb and collect rainwater, P hy
therefore reducing the overflow to the

sewers. Being of a drought resistant species,

Struchurm
DO

. e ” or

Figuréz: Green Roof Cross Section (Barnes, 2



no watering or maintenancelirbe required of the area. As a whole, the roof system was built in
layers, as seen ifghire 2, so as to allow for water filtration and to act as an insulator, therefore
reducing the energy required to cool and heat the building. By utilizing a whitenaeecover
instead of an asphalt roof, the overall temperature of the roof as well as the outside building
temperature will be lower. From an educational standpoing e also a number of mongor

on the roof which will be used by Civil and Environmted classes to track rainfall properties,

such as rate and volume, during sto{Barnes, 2008)

2.1.1.2 Colleges Nationwide

Responding tohe issue of sustainable campus life throughout the country, cotieges
have begun to take a proactive approach to green living. Deddyddow are examples of three
and how they are addressitig concerns of mmore sustainable campus. Each collisgdifferent
in how it approaches the idea of going green, yet they asevalar by involving and educating

the student body throughout the process.

Ball State University, located in Muncie, Indiana, has created a sustainability council
composed of 95 individuals who plan, implement, and educate about green living conditions.
These members connect and encompass the camausate by including professors, students,

administrators, and student organizati@@alhoun, 2006)

Middlebury College, located in Middlebury, Vermont, with diregpport and leadership
from its president, has completely redesigned its consumption and recycling habits. By
renovating the way theollegerecycles, manages waste, and makes paeshdhey were able to
decrease waste by more than 60%, as&llocal venadrs for30% of its food supplyhus
reducingcarbon emisions by almost 10%, and recy@@0 tons a year from previous waste
streamgCalhoun, 2006)

Oberlin College, located in Oberlin, Ohio, is a prime examplewf acollegewas able to
obtain complete student involvement in lowering energy consumption. In 2005lldge
implemented an energyonitoring system throughout all of its residential buildings on campus.
A competition was then created to see whichmdtmry could save the most energy over a given
period of time. The success of the competition/project was aided by a website that showed live

6



feed energy usage in each of buildings across campus being mofitoneask, 2007)
Colleges across the country making greenahites and constructing energificient green
buildings use a certification program in order to rate their buildings.

2.2 Certification Schemes

In order to gauge the effects of the green initegiand to rate the sustainability of buildings,
various energy certification programs have been developed in order to provide guidelines and
goals for home builders and residents. Certification programs are most often administered by
governmentsorbybuler 6 s associations: groups of profes
that are concerned about sustainability in buildimjfferent certification programs focus on
different aspects of sustainability. Because of this diversity of perspectives, veeticrezsvery
different systems to stly, in order to give the Greelbmmunity as broad a spectrum of ideas as
possible. The three systems under consideration are:

1 The Leadership in Energy and Environmental Design rating system (LEED)
1 The Code foSustainable Homes (CSH)
1 Energy Star

LEED place a great focus on efficient use of water, land and electricity, and is directed
towards new buildings and renovations that have LEED certification in mind at the start. CSH is
widely used in the United Kingdoand is mandatory for all homes sold in England. Energy St
is an entirely different type of rating system, as it gaupe efficiency of the individual
appliances in a house, focusing on each house
build it. The rating systems all share a goal, and that is to ensure that the homes of tomorrow use
our worldoés finite resources i ncontarssadiffeentnabl e

main focus andhas its own particular benefits when viewedjieater depth.

221 LEED
LEED was developed by the United States Green Building Council (USGBC), a
nonprofit consortium of over 15,000 organizations in the construction industry that works t

educate builders about gretchniques and runs accreditation pewgs for green builders



(USGBC,2008¢) LEED is an open standard, whose criteria ardigytavailable and are

decidedby the member organizations of the USGBC. Buildings are graded on a point system by
a variety of crieria, some of which are required, such as erosion control andakeleycl

collection, and otherare optional, such as reuse of building materials and water use reduction.
There are several diffemeLEED certificationsvith separate certifications availaldor homes,

new buildings, existing buildingsniversities, andretail buildings, among otherg/ithin each
certification, it is possible to earn folavels of certification based upon the number of points the
building earns during inspectioAn accep abl e bui |l di ng can earn a

improvement can move up to a silver, gold, or platinum LEED rating.

LEED criteria change rapidly to incorporate new technologies and techniques, and the
standard has become quite popular as a réstdbrding to the USGBC website, buildings as
diverse as the Exelon Corporation headquarters in Chicago, the American Embassy in Bulgaria,
and the Bronx Library in New York City have received LEED rati{2§$8d) In all, over
15,000 builaéhg projects worldwide are LEEDertified.

The LEED criteria for existing buildings, as detailed on the LEED for Existing Buildings
Registered Project Checklists, are divided into 6 categories: Sustainable Sites, Water Efficiency,
Energy and Atmosphere, Materials and Resources, Indoor EnvironrQeratily, and
Innovation in Operations. The certification is out of 92 possible points, with a minimum rating of
34 points for certification. There are also 10 required criteria that do not contribute to the point
total but must be fulfilled in order toaeive any LEED rating at ajUSGBC 2008a)

LEED certification is a pros that begins before a projstarts, and requires

i c

documentation to be submitted to the USGBC de

opeaational procedure@JSGBC 2008f) Certification is not free, as the USGBC must retain a
staff of 150 in order to perform certifications. The total cost of certification can range from as
low as $375 for a singleamily house built by a member organization of the USGBC, to over
$15,000 for an existing building over 500,000 square feet. The USGBC defendeésese

t heir websi t eéenefisxfmlLEEED hama igcludehowdr engrgy and water



bil |l séTHhefowniaga LEED frome is comparable to that of owning a conventional
homed (2008h para. ).

2.2.2 Energy Star

Energy Star is a program run by the United States Government for the certification of
appliances, computers, and lighting as energy efficient. The certification system focuses on the
products used to build a home, such as insulation, windows, and aiti@oindi systemgU.S.
Environmental Protection Agency [EPA] & U.S. Department of Energy [DOE], 2008b)
Different products have different criteria for being rated by Energy Star. For example, an air
conditioning unit neds to be 10% more efficient than the minimum federal guidelines for
efficiency to receive an Energy Star rat{id®?A & DOE, 2008d)A furnace needs to be
approximately 15% more efficient to be ra{&dPA & DOE, 2008c) and astandard home
ceiling fan must be fully 50% more efficient than the federal minimum standard to be certified as
an Energy Star applian€EPA & DOE, 2008a)Unlike LEED, Energ Star does not certify
individual buildings as Energy Staompliant, but rather focuses on the machines inside that
consume resources the most. Energy Star could be considereti@naproach to
sustainability where each green decision builds upoerstin a highly customizable way, while
LEED is a procesbased rating system that focugesnarily on the results dbuilding.
According to Energy Star, the average home spends approximately $2,000 dollars on energy bills
a year(EPA & DOE, 2008e)Using Energy Stacertified appliances can cut that total by a third,
or $700(EPA & DOE, 2008b)

2.2.3 Code for Sustainable Homes

In the United Kingdom, all new homes are required to be rated according to the Code for
Sustainable Homes, a rating system much like LEED that grades homes on a point scale of 1 to
6, and judges structures according to a set of nine criteria. These@&reCarbon Dioxide
Emissions, Water Usage, Materials Usage, Surface WateORuWaste, Pollution, Health &
Well-Being, Management, and Ecoloflyational House Building Council [NHBC], 2008a)he
purpose of the malatory rating is to allow homieuyers to make intelligent decisioalsoutthe
purchase of their homes with regard to energy efficiency and environmental impact. The code is
optional for existing buildings in England, but Northern Irish public housing &éas kequired to
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achieve a score of 3 out of 6 since in April 2QR8IBC, 2008b) The CSH rating system is

owned by the British Government and inspectors are licensed by Stroma Accreditation and the
Building Research Eablishmen{Stroma, 2008)The Code is the successor of the popular
Building Research Establishmentds Environment
LEEDG6s focus on responsi bl e watbnefcarbond | and us
emissions much higher on its list of priorities, as the British government has set a goal of a

reduction of 60% to its carbon emissions by 2080VF-UK, 2006) For this reason, CSH has

garnered praisefom t he Worl d Wil dlife Fund, which call

breakt hrough f(206paya.en housingo

While the above certification programary in focus, one factor they all have in common
is the use o&n energy audit. These audits serve to quantify energy usage and efficiency in order

to analyze any given building.

2.3 Energy Audits

The most common method for determining energy consumption of a given building or
residence is the energy audit. Myer K(2906) noted engineering author, defines energy
auditing asé the practice of surveying a facility to identify opportunities for incregasie
efficiency of energy usg(p. 277).In this definition, another important aspect of an audit is to
also identify areas amprovemento energy usage. Therefore, by combining these two ideas,
energy audits can been seeradsolto determine the overall energy consumption of a facility,
aswell as a breakdown of how the energy is used, in an effort to reduce overall expenses by

using energy more efficientfhumann, 1995)

2.3.1 Types of Audits
The type of audit performed can vary greatly dependindpereatcility being surveyed
and the extent of changes perceived to be implemented. Industrial plants and manufacturing
facilities have the money for an intensive audit and may be inclined to wansitdifferent
heating sourceand machinery. Residentiabmes, on the other hand, generally involve a less in

depth, investigative auditing approach. Since money is a major concern in most households, the
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energy auddr would try to provide recommendations on practical, inexpereieegysaving

techniquegThumann, 1995)The three main types of energy audits are as follows:

Walk-Through Audit. The simplest and most straightforward approach, a-thatugh audit
consists of visual observationsttare used to detern@renergysaving techniques. Theaadits
generally recommend lowost conversions that have a quick installation and payback period.

After data collection and analysis, a more extensive audit may be recommended.

Mini -Audit. If more auditing is required &ift the walkthrough, a minaudit can then be
conducted. This technigue quantifies the efficiency and energy usage of particular systems and
operation, such as lighting and heating, in an attempt to predict cost savings through energy

conservation.

Maxi-Audit. Taking the miniaudit one step further, the maaudit measures energy usage for

each individual system by taking into account environmental factors that may vary over the
course of a year, as well as machine and equipment efficiencies in ordedith post savings.

The maxiaudit makes various energy usage recommendations depending on the time and season
of the year. Generally, this audit is performed on businesses and manufacturing facilities that
contain machineryThumann, 1995)

We proposd that an audit based on a walkough evaluation, in conjunction with
evaluaing some of the systems in the fraternity houses, should provide a solid foundation to
recommend mangf theenergysavingand costsaving ideashat would be feasible and cest

effective to implement.

2.3.2 Performing an Audit
It is the responsibility of the auditor to be creative and observant during his visit and analysis
of a site. Since the findings in an audit report are only recomrtiensdait is the goal of an
auditor to Afind ways -usmgtasksiandwaysato minimizethe ces s ar
work required to pe(Kdtzp2006 p.228¢.eThergeneral pracadurg fort a s k s 0

performing an acceptable audg stated by Kutz is as follows:
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Collecion of data on energy usage from energy bills and behavior schedules
Walk-through inspection of residence
Determination oknergysavingtechniques

Transition cost analysis and paybgekiod

a r w0 N e

Preserdtion offindings

Energysaving techniques range from laast conversions to capital projects, depending on
the facility and the goals of the consumer, and may also range from equipment transitions to
behavioral techniques. Examples of lowast conversions include transitionireglow-flow water
devices, or reducing showeurations Capital pojects involve the replacemeuitentire
systems, such as heating systeamsl requirea price quote from a contractor for the costs of a
new system and the labor to installQtften, cap#l projects involve construction or renovation
of some sort. For these cases, a structural inspection of the house is usually necessary to take into
account thdeasibility and potential problems when implementing a new sygkartz, 2006)

In presenting an audibne cosanalysis tool commonly usedtlse payback periodrhis
figure isused to determine how long it will take to return an initial investment (equipment and
QA QU i GO
SR & i e

transition cost). This term is calculated afofws, 0 CLXXXN QD ©Q =

(Thumann, 1995)

2.3.3 Presenting an Audit
It is crucialfor an auditor to present his findings in a clear and wtaiedable manner. When
presenting an audit report to the consumer, Kutz (2@@®)mmendacludingthese

presentatiorlements

Current and historical energy usage/cost
Energysavingrecommendationand whythey aresuccessful
Cost associated wittnansition, payback period, and net benefits per year

Anything else related to change, such as annual maintenance

= =4 4 A -2

Charts and graphbatrepresent material well and make information easy to understand
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In 1986 a case studiiow Important Is Information Format? An Experimental Study of
Home Energy Audi®rograms was performed by professors at Duke University to determine
what effect, if any, the formatting of an energy audit had in stimulating homeowrcdrarge
over toenergysavingtechniques. Social understanding of energy reduction techniques and their

benefits during that time are descritssifollows

In particular, many consumers do not possess accurate estimates of the costs, an
especially the benefits, of residential energy conservation measures. Some consu
may not know about the existence of some measures, such as [programmable]

t h er mo.&vtemthose €onsumers who possess accurate information about the
benefits and costs of alternative energy conservation measures find the time and
costsét o b(Ragatataleldd6)pyv2R)

The casestudy used a variety of subjects with differences in education, age, income, and race
to test the compliance of residential home owners to recommendations of home audits when
different presentation formats were used. The audit was conducted by the Duke Power Company
on a laboratory house and presented to the participants in one of four formats

1 Controli the standard Duke audit analysis

1 Payback period the payback period was the first statistic stressed
1 First yearenergysaving i emphasis placed on savings per year
1

Reduction data al data in terms of reduction percent in energy usage asid ¢

The study found that with the control, subjects generally chose a combination of
recommendationwith a costsavings ratio of less than half of the most efficimnbinations.
Each of the other formats stimulated subjects to choose combinations with a highdtagtb
et al., 1986)While no one format was found to have a clear advantage over ano¢hgeneral

conclwsion is

To be effective, information programs must be designed to be useful to
c o0 n s u mkenovwang what pieces of information are used in reaching decisior
and how they are combined determines both what information is most importai

how it should be aoveyed to consumer@Magat et al., 1986. 29 13



2.4 Cost Analysis

The information learned from an energy audit finds form in the Cost Analysiscbetv
improvements, such as leflow shower heads, cleany refrigerator coils, and displacing the
water in toilet tanks, are stepping stones into bigger programs and renovations. The major home
projects suggested by the energy audit are the most beneficial way to save energgend m
and include replacingindows, reinforcing installation and changing of heating style to more
sustainable methods. Some of the most-etisttive ways to go green are listed below.

2.4.1 Bathroom

Low-flow shower heads are similar to regular shower headshéytuse much less
water These shower heads have a disk that restricts the flow of water that @manoé the head.
This disk can be controlled to block more or less of the orifice dependent on its position in the
head(Gullaksen & Jtho, 1974) A low-flow shower head usas little as 5 gallons of water
per minute, as opposed to the 1.9 used by the average standard show€haegithg over to
these shower heads can save anywhere from@B%on yearly water billlDOE, 2008)

Another method to save water is throughdet aratorswhich are used to bring air into
the flow of the water from the faucet. These aerators save aradgroduce a better strefimm
the fauce("Low-flow aerator$, 2008) If a sirk indicatesthat it is producing over 1 &allons
per minutethe faucet should be changed over to an aerator. This can be such a swyeilitfix
can save a family a few hundred dollars a year.

An inexpensive way to create a ldlow toilet is to place a full water bottle it in the back
part of the toilet. This acts to displace the water that would be flushed down the toilet with the
capped water. The water bottle displaces a percentage of watethigdank and therefore

creates a lesser need for water in the refill of the tQileasy peasy tip 2007)

Finally, using ecdriendly cleaning materials in the bathroom is another way to go green.

Not usingharmful bleaches and poisons can cut back on the damagesimtlistem. By
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eliminating the use of harmful chemicals the houseéhahdpact on the environment and

atmosphere wilbe reduced

2.4.2 Lighting

Another example of a green transition is to switchampact fluorescent light bulbs, or
CFLs. These light bulbsavea mercury gas running through thgmoducing light when excited
by electricity. This is opposed to the incandescent form of lighting which heats up the tungsten
inside to produce a white lighThe problem with the tungsten is that every time the light bulb is
turned off, the tungsten cools down and then must heat up again when the lights are turned back
on. TheCFL bulbs are up to four times more efficient then the regular incandescentandbs,
can last up to ten times longer. A switch to CFLs will save money bothgtitbe electric bill
andconsumdewerlight bulbs every year. A problem, however, with these bulbs can be
difficulty in recyclingthemsince they contain mercury. They cannot simply be thrown away and
must instead be brought to a hardware store, such as Home Depot, who will recycle CFLs for
free ("Pay to recyclg 2008)

Some lighting fixtures, howevearenot compatible with CFLs. Neverthelesisere are
somefluorescent lighg that aremuchmore energy efficient than othets.particular, fouffoot
light fixtures that contain fluorescent tubes are not atibfe with CFLs and often usmilbs
calledF40T12 lamps. However, a better technology exiggsi-32T8 lamps. These lamps are
10% more efficient, meaning they produce more light per Watt, use 20% fewer Watts, and last

25% longe than typical T12 fluorescen{(®regon Department of Energy, 2007)

The most efficient lighting will $#t waste energy if usetbr an unnecessary amount of
time. In many homes and office spaces, lights are left on overnight, outdoor lights are used
during the day, ahlightsin low-traffic areas are not shutdffor conv e nAsanple,e 6 s s ak
inexpensive motion sensor can fix this problem, by turning off the lights when no movement is
detected in a room for a set amount of time. This solution is effective both in commercial and
domestic applications. In hignaffic areas like publibathrooms, the lights are on for most of
the day and are then turned off at night. A motion sensor would keep the lightsradf allarge

part of the day towvhen the bathroom is unoccupied, saving a great deal of energy. Similarly, in
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areas of homes veine people might be tempted to kel lights on all night, such asallway,
a motion sensor keeps the lights off all night, and turns them on if somebody wakes up in the
middle of the night.

2.4.3 Kitchen

Small improvements anadajor capital improvements cée made in the kitchen to
reduceenergy usage, and to reduce carbon footprint. Oneeagyhfixis as easy as cleaning
refrigerator coils in order to reduce heat stored from the insulatidasd. This will increase
conversion of the liquid refrigeranthich absorbs the heat from the air around it, and therefore
make the process more efficient. Also, moving the refrigerator away from the wall will increase

air flow and therefore increase heat absorption.

Inspecting seals on all kitchen appliances i atgportant. A simple way to do this is to
stick a dollar bill in the seal of the refrigerator or freezer door. By checking the ease in pulling it
out will determine how welik is sealed. Ihot properly seale@ large amount of energy being
lostin cooling the rest of the kitchen instead of just cooling the contenie oéfrigerator.

Allowing hot leftovers to cool down will decrease the heat added whianto the refrigerator,
and will require less energy to cool the refrigerator back to theppate temperature
(Middlebrooks, 2008)

Energy Star appliances are another way to increase green usage in the kitchen. Changing
solid reachin refrigerator over to an Energy Star one can saag&edio $400 gear in electricy
as well as reducing overalarbon footprintSimilarly, savings off250arepossibleby switching
to an Energy Stacommercial freezefEPA & DOE, 2008) Purchasing Energy Star equipment

in bulk can produce greater savings from reblhyesp t0$100 for every appliance purchdse

2.4.4 General Major Improvements

High-efficiency boilers can help houses salase to $8,000 a yedéry replacingsystems
that are 0 years or older. The cost for such an improvement is $1-B58@00 for the part and
the instdlation. Though the cost of the boiler is high, theultantsavings can make up the initial

cost within five years.
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Changingwindows over to Energy Star wiad's can produce an iamal savings of
$1,600 fromheating and cooling billdJniversity of Minnesota, Twin Cities Campus, College of
Design, Center for Sustainable Building Research, 2008)se windows are better sebfer
maximum ability to insulate the building. Tinting the windows is another way to increase
energysavingcapabilities agreflective coatings and films were developed to reduce heat gain
and glare, and more recentlgy-admittance coatingsave been developed to improve both
heating and cool i (Ugversitg @ Bionesotp, @wirf GitiesrCanmpase 0
College @ Design, Center for Sustainable Building Research, 2p8&. ).

Some major renovatiorae not even new green technolpyt they still can save
money and make l@ouse more energy effant. The first is reroofing Bome. This can be a
costly proedure, but with better insulationédinewer urcracked shingles laouse can store
much more heaBy replacing théhouse sidingvith a vinyl or wood material caseal cracks and
breaksand stop the outflow of warm air.

Another capital improvement is through solar enefidnere are two general ways a
homeownercan harness solar energy for use. One of these is by using it tcshbbgvater.
Solar water heating is one of the most affdctive ways to heawater.This process does not
use fossil fuels and requires less energy to heat the water. The water is heated by running through
pipes with solar plating on the roof. iy, that waters transferred down into a storage tank
where it can be used as nee@®E, 2008) This same procedure can also be utilized in heating

a home.

Solar hating for homes can be classified into two growgusive and passive. An active
system heats a liquid or gas and then disperses that heat as nemagbiitrthe house. This
dispersion system is aided by fans and pumps to move the heat evenly throughout a home.
Passive systems collect heat during the day through windows or floors and then release that
energy at night when the temperature begins to dser®@uch improvenents, while effective,
differ regarding tan-site specific orientatiorsuch as window positioand seasal sunlight

patterns.
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2.4.5 General Low-Cost Improvements

We have also identified many other lmwst improvements that aid ieducing energy
usage. Firstthermostats are aful in decreasing energy usagesimple energysaving
technique is to lower the thermostat setting by just a degree or two. This will decrease energy
usage andave money over the long term. Homeowners atsy choose to completely replace
their thermostatdBy replacing an outdated thermostat with an electric, programmable one, the
heat can be regulated more efficiently so that during hours of vacancy no heat is being produced.
A programmable thermostat wiks by maintaining a normal, comfortable temperawinena
homebs occupants are awake and in the house,
a less energintensive setting when the occupants are asleep or away. The adjusted temperature
depemls on the location of the house. In cold climates, a programmable thermostat warms a
house during the morning and evening, when people are usually home and active, and cools
down the house during the mithy and at night, when occupants are away or adleg@rm
climates, the thermostat does the same thing, but the house is warmed dypergpoE and
cooled when the occupants are active. The thermostat automatically begins adjusting the
temperature so that occupants of the house never notice a tampdifierenceHomeowners
can save 1% a year on their heating costs legucing their energy usagedighthours a day

using a programmable thermostat.

Second, recycling is a green technique that is greatly beneficial to the enviroiment
only prdongs the life of resources, but alsaves energy andater, and reduces the waste
dumped in landlfis. One statistic states thatMking recycled paper instead of new paper uses
64 percent less energnd uses 58 percent less wai@epartment of Public Works [DPW],
2008 para. 5.

In the city of Worcester, thBPW offers a free curbside recycling program. For
convenience, recyclables are collected on the same day as scheduled trash pickup. Due to the
AZer o Sort o0 pdoindtmegdtobe sortey iotdb aatbdoreessuch as, paper,
cardboard, aluminum, plastic, and gldssorder to take part in the recycling program through
the city all that is needed is an appropriate recycling bin. These bins are free of charge and are
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avdlable for pickup through thBPW (DPW, 2008) However, most Greek houses are
considered lodging houses and therefore are not eligible for city pickup.

Third, checking théheat pump for clogs and backed materias is another way to save
onenergy bilk. If a heat pump is clogged, it can cause serious problems such as flooding and
bacterial growt{EPA & DOE, 2008) It is also important to change the air filteraiheat pump
to make sure that it is performing at its full potential. If the filter is clogged or degnitcause

thesystem ® become congested amefficient

And finally, sealing air leaks and adding extra insulation are two easy ways to make sure
that ahouse stays at an optimal temperature. You can add insulation as necessary in certain
places for the most advantageous performance, such as reinforcing your insulation in the attic
and around ceiling fixtures to keep air in. It is also importake#ap the cold air out during the
winter months. This is best done by adding caulking around windows, doors, outdoor faucets,
and other fixtures. Weatherizing cracks and seals all around the house is anothansidgt®
a home Performing such tasks cae effective in reducingeat lossas well as reducing energy

consumption

2.5 Incentives

There are also other ways to save money through going green. These include incentives by
the government, local communities, and samwersities. The government hasvagal grant
programs available to help homeowners transition to a green lifestyle, either in the form of tax
credits or monetary grants. There are multiple forms of tax creditsh often is the deciding
factor for many business owners to go green. Thieed States Governmentvsry preactive
about theeenvironmental concerns and hopes that these tax credits and benefits will motivate
more residential and business owners to change. They also understand that there s usually
higher cost when going een but hope that these incentives will persuade more people. Since
the fraternity houses of WPI are nonprofit organizations, they meet many requirements for
government funding and subsidi€ar example, Companies that use renewable energy sources
such & wind, biomass or geothermal electricity can recdieeRenewable Energy Production

credit Usually the tax credit is based on the amount of kilowatt hour of created energy.
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The Alternative fuel tax credit is more popular with businesses and individindscredit
has a major impact orehicles. Susan Bersoa, t ax | awyer , sHybidist he @A Fol
popul ar with clients, partly because @ heir pu
(Chilson, 2008, para. }2

Commercial buildings awell as homes can receive several different types of deductions
from taxes. Tax programs are categorized by either federal or state incentives. Most of these
financial incentives deal with major changes sucBaar water heaters, furnaces aoders.
The i E rE#ficiegt Commercial Buildings Tax®d uct i ono st ates that bu
deduction anywhere from $0.3080 per squariot for buildings that instathe following

(1) interior lighting; (2) building envelope, or (3) heating, coglimentilation, or hot water
systems that reduce the buildingbs tot
comparison to a building meeting minimum requiremeetvg ASHRAE Standard 90.1
2001.(Database of State Incentivies Renewables & Efficiency, 200@ara. 2

Along with tax credits, there are many federal loan programs available to homeowners who
wish to go green. These loans are geared towards homeowners who want to go green but are not
adequately financed. Thallows homeowners to pursue eneggficiency improvements. There

are two types of mortgages available:

1 Energy Improvement Mortgage - Finances the energy upgrades of an existing home in

the mortgage loan using montl@gpergysaving

1 Energy Efficient Mortgage - Uses theenergysaving from a new energy efficient home
to increase the home buying power of consumers and capitalizesaiggsaving in the

appraisalResidential Energy Services Network, 2008)

States typally provide incentives, loans, and often times many rebate programs.
Massachusetts, in particular, has a program called MassSAVE which provides energy
information and services to all residential owners. Typically, these services include discounted
instdlation prices, education materials to increase knowledge, and most importantly, reduced

costs(MassSAVE, 2008)There are many companies and organizations that are willing to help
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campuses that show initiative to go grefleor. example, the National Wildlife Federation has a
ACampus Ecology Programo which helps campuses
(National Wildlife Federation2008)

Some private institutions have their own organizations regarding environmental
sustainability. Often, these organizations will be given grants and funds to make changes to the
campus. For example, Harvduiversityhas given grants to their organizatitime Harvard
Green Campus Initiative, to focus on the environmental impact of the campus. This team
continuously works on designs and improvements to the 600 buildings located on campus
(Harvard Green Campus Initiative007. On the other handJliddlebury College located in
Vermont has given grants to their stemtyroad program to assist with issues related to
environmental sustainability. WPI, as well as many other colleges, is also trying to reward their
students who usetalnaive transportation methods. For example, Witently has parking
incentives througlneservedgarking spots designated for hybrid cangl began a zip car program
providing transportation for students through hybrid .c8everal campuses also prawibenefits
to students who live in green housing. Campuses are eager to reward students for saving the

college money and for using fewer resources.

2.6 Social Impact of Green Living
The issue at the heart of this project is a very old, entrenched attitudet t he Ear t ho s
resources are effectively limitless, especially in regards to petroleum and water. In raising
awareness dhe danger ofthis problematic beliefwe aim toshifts t u d ercépsods and
attitudes to encourage green habits beso®etyfaces a true crisis of resource shortages. By
providing the Greek houses with stiep-step instructions on how to live in a sustainable
manner, we aim to help teemmunity practively improve its own sustainability year to year
and therefore leave lessafootprint on the environmentVhen the communitsealizes thait is
responsible for its own consumption, it wolkcomeresponsible for itswn environmental

impact
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3 Methodology

The primary goal of this IQRasto raise awareness of green issues in the Greek community
of WPI within a project framework of two tas. Wesuccessfully completed seven weekgef
depthresearch and background gathering, and from Oc&h&y Decembet8, 2008 we
collected and analy our data to achieve the goal of raising awareness of sustainable living in
the WPI Greek communityWeachievel this goal througtiour separate initiative The first wa
a comprehensive energy audit, performed by a professional engineer, along &tglemin
individual walkthrough adits, performedoy our groug of two auditorsat a time The second
was a detailed cost analysis of a green transition, and the payback period associated with the
proposed changes. The third whe creation of a manual feustainable living for Greek houses
and a rubric by which the houses can gauge their own efficiency in the future. Eimadly,

GAC award was createad stimulatefuture competition between the houses as an incefdive

implementing green changes.

Our projectservel as the foundation for creating a sustainable Greek community that will
continue to make changes and improvemen&s the years. We magheeliminary
recommendations to the Greek houses foréost improvements as well as more substantial
cepital projects. Because of the nature of our project,amaat guarantee that the Greek
community will implement any of the changes that we proppae couldonly raise awareness
and make recommendations for improvem#&wé hope that within a year of our
recommendations, the Greek houses will have implemented many of the recommended changes
and that they will be able to gauge their own savings using the prawvlded. Wefulfill edour
sponsor6s goal through the following steps:

ConductedEnergy Audits
DeterminedCost Analysis

1
1
1 Created Informational shual
1 DevelopedGAC award

22



Due to the time constraint of the seven weeintall of our objectives wereompleted

within the allotted time. Outimeline is represented in Table 2

Table 2: Projected Timeline of Project

Week
TASK
11/3 11/17 12/1- 12/15
11/7 11/21 12/5 12/18
Professional Audit Professflonal
Audit
Interview with
Treasurer/scheduld  General Interview
audits
) ) Pilot
Audits of Greek .
Houses Audits of Greek Houses .
Analysis of Audits Analysis of Audits
Create Manual Create Manual
Focus Group with
Greek Members . Foclis Gratip
GAC Award . GAC Award
Finalize Product Finalize
Product
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3.1 Energy Audits

Energy audits are the most viable way for quantifying the amount of energy used in a
building. Due to the variety of ways an audit can be performed it is essential to detghaine
the main focus and objectives will be when performing the audit. For the purpose of this audit we
performedone indepth, professionally aided audit as a case study of what the most advanced

audits take into account. Themainder of the houses waaluaed by walkthrough audits.

3.1.1 Professional Audit

Through the help of éh/GAC, we contacted professional auditor from Comfort Systems
USA Energy Services, Albert. G. LaValley. He iEBED AP program manager andlunteered
histime to aidour needs. Beause Mr. LaValley is a professioralditorand hadaccess to
necessary tools and equipment, more adedmmalysis of the building was performed. A
Blower Door fan, able to detect air leaks, is just one of the testsab&eiso perform with ease.
Unfortunately, during the gas emissitast to check boiler efficiendye piece of equipment

called a Bacharach, malfunctioned and thereti@eould not collect that data

Due to the cost and tinessociated with the work, lagreed to perform an audm ore
chapter house to demonstrate wésatin-depth audit entails. Since he is in fact agkralumnus
of theinstitution, herequestedhatthis workbe performean his chapter house, Sigma Alpha
Epsilon. While theontsiteaudit of a buildingook onlya fewhours, therevasa great amountfo
background information that wageded before theudit. This information includehlistorical
energy data, recent renovatipasd structuratonfiguration and dimensions of the house. After
the audit wagonductedMr. LaValley sortedthe data anthaderecommendations justified

through cost analysis.

During the audit, wshadoved his work to gain handen experience in emgy auditing.
Shadowing wabeneficial to our understanding of the auditing process agese abldo take
notes on his work and frequently ask questions relating to his methods and reasoning. Upon
completion of the audit, we condedtan interviewof Mr. LaValleyto gain a better
understanding of not only what is involved throughout the audit itagtifywhat preliminary
background information is needed, and how to best interpret the resulting data.
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3.1.2 Walk-Through Audits

Based on the results of our interview and shadowing with the auditor, as well as previous
researchnto LEED, we creatd an evaluatioriorm to be completed during the weétlkrough
audits of theemainder of the Greek houses. Many areas of our audit were inspired by the LEED
for Homes Checklist. Such areas incl@@aminingEnergy Staratedappliances, insulation of
hot water pipes, andater flow rates and temperature. However, LEEfddsised not only on
reducing energy use, but also on improving the-eihg of residents and the enviroent in
less quantifiable waysuch as througbonservatiorof open green space and using local
suppiers (USGBGC 2008h. The focus of the Green Study for Greeks was primarily on reducing
utility bills through simple, effective, and practical improvementerefore, we have taken into
account those areas of the LEED checklist applicable to improving fraternity housing and
refrained fromcollecting data not warranted ftbre scope of our projecsuch as pest control and

infrastructuredesign

These walkthroughaudits reliedbn historical energy usage data as well as observations
from arounadhe house. To colledata, such as energy and water bills from the past two years,
meetingsveres chedul ed with those peopl e rseithgtthensi bl e
house treasure or a housing corporation representdatvetermine waste habits, we
interviewed house managsito establish frequency thsh pickup and waste tren@urrent

recycling programsvereevaluated and capdities for future eforts weredetermined

Areas of focusncluded water,heating lighting, insulation, waste management, and
appliances. We created a template for performing an audit on a typical Greek house, with fields
for each area of focus. Mr. LaVallegviewed our template, and provided feedback on the data
that we chose to gathédamely, he recommended adding space on each sheet to write general

comments andbservations

To test the consistency and framework of the evaluation sheet, each audtongéran
independent pilot audit of one house, Phi Kappa Theta. The purpose of the pilot audit was to
determine consistency within each auditords t

areas of the form that needed to be correctedeSheaudits lasted for about threeurs, we
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performed the audits at the same time, but had no communication between auditors until all four
were done and had compiled and interpreted their data. The purpose of this arrangement was to
avoid commandeering thea@$en chapter house for 12 hours. This also allowed us to correct any
confusion or discrepancies between our auditing methods at the very beginning of the process.

We decided not to audit residential rooms to avoid any concerns regarding invasion of privacy

3.2 Cost Analysis

Cost analysis consists of tvetementsThe first is calculating the present energy usage of
the houses, for use as a baseline for future improvements. Since the houses have dramatically
differentpopulations, the statistics wezalculatedn terms of resource use per person. The
seconcelement of the cost analysisal the recommendations from the egyeaudits in
calculating the costs and potential savings of the sustainability immevs. Using this data,
QA QUA B O

Boa wniaweq) Of he

we mathematically calculatithe payback periotD CxraQ)'Q '@Q =

separate improvements and ragojections of the future utility bills of the Greek haisene
predicted cost reducticaided our efort to encourage further green innovation loa part of the
Greek Community.

3.2.1 Database

Due to the amount of information gathered during the course of our auditing, a Microsoft
Access Database system was needed to format information in an organizedofesgdPDiane
Strong, an associate professor who specializes in database systems at WPI, assisted the project
group by reviewing the database, making suggestionspmira the system. This database
allows for others to view, compare, and #iftough ouffindings in an easyo-use format as well
as determine cost analysis data. Based on the information input, automatic queries were created
to determine potential savings and payback period for implementing environmental lighting and
water changes.

3.3 Manual
In conjunction with thewudits and cosinalysis of each house, wevelogda manual for
all of the Greek house¥he methodological considerations for designing the manual include a

focus group withmales and femalan a 3:1 ratiao approximately represeWPIs gender
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statistics Also present were members from eagpresentativgraduation clasand various
executive positions, such Beuse managetreasurer, and president. The contents of the manual
were alsaiscussed witlthe Greek Advisor=mily Pelow, the GAC Green Subcommittee, and
Albert LaValley It wasdetermined to include generaformation that can be applied to eye
household, howio procedures for implementing more complex changes, and specific
recommendationsased on thenergy audiindcost analysisor each houséA colloquial tone

was used ttoughout the piece to best sair audience of the chapter membems to makat

easy to readl'he manual wamade available publically through the GAC/Interfraternity Council
(IFC) websiteanddistributed to eachouse managemnd Housing Corporation President

attached along with an addendum of our wtallough audit findings (see AppendixIX Lastly,

the manual and our findings were distributed to the director of chapter services or the national
housing corporations of each fraternity present in an effort to broaden the impact of our project
and inspire changes within other chapters arounddhbatry.In addition, the project group will
present its general findings and recommendations to the houses at the annual GAC Leadership
Conference in February 2009. This will occur two months #itecompletion of the project, but

it will have a greaeffect in raising awareness of our projecbas audience will be

representatives fromvery house andousing Corporation

3.4 GAC Award

The guidelhes for a new GAC award were designed to be compatible with the existing
awards packet and create a sensepfpetition within the Greek community. An existing award
was used as a template in creating the questionnaire and scoring system. The contents and focus
of the award were discussed with Emily Perlow and the GAC Green Subcommittee. It was
determind that amonetary stipend of $25would be given to the winner to be used for green

renovations.

3.5 Summary

Through researchndthe assistance of a professional auditor a comprehensivelwaiigh
energy audgand cost analysis technicgfermedthe basis fogatheing and analyzing

information which satisfiedhe project goals. The information collected was ultimately used to

27



create a manual of recommendatwamch isanticipatedo raise awareness of environmental

issues within the Greek community of WPUOao begin saving the houses money each year by
reducing energy usage. Along with these recommendations, a new GAC award was created to act
as ameasure of how the Greek houses are implementing green changes throughout the course of

the year.
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4 Finding s and Discussion

This section outlines data collected as stated in the preceding Methodology section. The
first subsection describes the analysis of Sigma Alpha Epsilon based on the professional audit.
This data is based on both a visual inspection ofithuse as well as the use of professional
equipment. The second subsection describes the findings from each area of itineough
audit. The third subsection outlines potential cost savings by implementing -eadugyng
techniques such as CFLs, ldlow water, insulation, and recycling. The final subsection
addresses our experiences while conducting energy audits as well as our opinions on how
receptive the Greek community has been to our project. In general, our findings and cost
analysis are somewhlanited because the group did not take personal bedroom space into
account due to privacy issues. Nevertheless, we still believe the trends we have noticed to be

valid throughout the Greek community.

The Greek houses are irdibly diverse in terms afges tenancy, and size (see
Appendix V). With the exception of thieack house oBigma Alpha Epsilon, Lambda Chi
Alpha, ThetaChi, and Tau Kapa Epsilon, all the houses are at least 60 yearsvdtdnine
houses being more th&b years old. The Grediouses range in population from seven to as
many as 47 occupants, with an average resideh22. Some of the houses were built with the
purpose of housing a fraternity in mind, while others are repurposed lodging bouses
apartmentslt is remarkable i, despite the lack of uniformity among the houses in terms of
physical attrilntes of history, the problemge observedvere fairly uniform throughat the
Greek ommunity.

4.1 Professional Energy Audit
Thefollowing sections outline the simple energy audi analysis of the professional

audit conducted by Mr. LaValley of Comfort Systems USA Energy Services. An examination of
the site and utility information allosfor threedimensional modeling and an evaluation of

upgrades supported through cost analysis.
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4.1.1 The Site
The site consists of two buildings, detaclaed located @dacent to each other as noted in

figure 3 Following conventionthe buildings will be labeled a#/hite House (WH) an&rown
House(BH). Front of both buildingare oriented to the Northwestern direction.

4.1.2 Utility Information
Electricity is provided to both buildings by Natior@tid, at an average blended rate of

$0.115/kWh. Natural Gas is provided by NSTAR at an average £$%t36/ThermThe

average daily use for each fuel type is showmables3 and 4by month. Monthly information
is also summarizeh Appendix .
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Table 3: Summary of White House Daily Energy Use

WH Daily kWh WH Daily Therms

Table 4: Summary of Brown House Daily Energy Use

BH Daily kWh BH Daily Therms

4.1.3 Modeling
To modelthe structure of the site tippogrameQuest 3.63 was used. eQuest is a BIOE

based building simulation engine approved by the Department of Energy and the American
Society of Heating and Réferation Engineers for use in evaluating energy efficiency
improvements to comply with LEED standards and other energy efficiency crifignae 4

shows a computer rendering of the model used to evaluate this building.
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Figure 4: eQuest Model

Evaluated Upgrades

For the purposes of this evaluation, the following Energy Efficiency Measures were

analyzedsee Appendix | for simulation output results)

1.

Boiler Plant Improvemerit Replace existing Whitelouse boiler (estimad efficiencyi
78%) with highefficiency condensing boilerontainingoutdoor air temperature reset.
Adjust hot water loop flow accordingly.

Insulate White House attic spaic€urrently the White House attic is poorly insulated.
Thismeasure would increase the insulatiorthe White House attic to-B3 and seal the
attic plane.

Air-Seal White Houseé Perform air sealing on the white house to decrease air infiltration
by 50%.

Insulate Basement Space and Kitchdmprove thermal perfonance of basement
insulation to R13.

Install highefficiency compact fluorescents where not already présEstimated at a

10% reduction in lighting power use.
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4.2 Walk-Through Energy Audits
The following sections outline the findings based on each artba @falkthrough audits

that were performed. These audits were necessary in defining the difference between houses.
Knowing that information, the best recommendations for each house to reduce energy usage
could be determined. For each section generaingsdare discussed as most of the houses had

many aspects in common. Oddities are also described to determine ways in which energy and

money were being wasted. Photographs as well as descriptions are used to illustrate such areas of

energy loss.

4.2.1 Lighting
The project group was pleasantly surprised to find that the vast majority of lights used in

the Greek community are either fluorescent tube lights or CFLs. However, every house still had
at least a few incandescent, hghttage light bulbs. The projectaymp suggested that all lights

in the houses be switched to 14W CFLs or higgféciency T8 fluorescent tube lights, with the
exception of incandescent bulbs used for ornamentation, such as the 60 washfiqgee
incandescent bulbs used in candelabraschiandeliers. We suggested that fraternities switch

their exterior flood lights to CFLs, both to save energy and because CFLs last longer under the

conditions that a floodlight must endure, namely extreme temperatures and long operating hours.

The prevalace of green lighting in the fraternities is a sign that the Greek community is
open to further green improvements. Although the lights in many of the Greek houses are left on
for far longer than necessary, the effect is mitigated by the fact that tteddady use as little
as one quarter of the electricity of normal incandescent bulbs. Nevertheless, shutting off the
|l ights would be a major i mprovement to the
naturally led us to consider the use of motiamsses which would automatically shut off the
lights when it no longer detected people in a room. Motion sensors were in short supply in the
houses, and the ones that were present were found to be broken or disabled. When inquiring
about how one motion sesrscame to be broken, a brother stated that someone had smashed it
during a party. The group still suggests the use of motion sensors, but attempts to steer
fraternities away from models mounted in the light switch and towards models mounted in the

ceiling, preferably with a protective cage to prevent accidental or purposeful interference with
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the unités functioning. For areas where mot.

can only rely on the conscientiousness of their members. It is thespwf the rmnualof
recommendationee Appendixll) to raise the awareness of green issues in the Greek

community, so that turning off the lights in houses eventually becomesiasuen

4.2.2 Water
Water usage is an area where fraternities can makeweqments which save money

without great effort on the part of the brothers. The first way to save is to reduce the amount of
energy required to heat water to the desired temperature. Massachusetts state law requires that
hot water be set to between 100t 430°F. If the pipes carrying the hot water to the water
fixtures are insulated correctly, it is only necessary to heat the water heater to a few degrees
above the desired hot water temperature. In several houses, however, the project group found
uninaulated hot water pipes. (Figuraépresents properly insulated pigdsot only is this a

safety hazard, it is also a tremendous waste of energy. It was not unusual to find boilers set to
140°F, with hot water coming out of the sinks and showers at onfF1T@ose 30 degrees of

heat loss, and the significant amount of money wasted thus, could be avoided with a few dollars
worth of insulation and duct tape. In an extreme case, a temperature of over 160 degrees was
found in one house. This, posing a seribealth and safety issue as a potential burn hazard, is

wasting a great deal of money on heating, and is in violation of building code.

Figure 5: Properly Insulated Piping
Another improvement to the water system happens at the sinks and showers. In older

faucets, it is common to find a water flow rate of 200 milliliters per second or more. This is far

more water than people need to wash their hands. For these older faigetspmmended to
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install a lowflow aerator. Lowflow is considered to have a flow rate of 100 milliliters per

second. An aerator fits over the opening of most faucets and introduces air into the water stream,
cutting the amount of water used by haifhwno effect on the use of the sink for washing.

Another way that chapters can reduce their water flow rate is to dial back the pressure on their

water pumps.

4.2.3 Heating
The heating in all houses is handled by at least one of two appliances, the bditer and

water tank/heater. A boiler has several open pipes in the bottom through which natural gas or
fuel oil is sprayed and ignited, heating up water that runs through the belly of the machine in
pipes. The heated water from the boiler is then directed tmpgunto the radiators throughout

the building. A water tank/heater stores hot water in an insulated cylinder until it is needed by the
showers or sinks in a building. A water tank stores water from the boiler, which feeds the tank
hot water at such inteals as to maintain a constant temperature. A water heater has a separate
burner underneath it to maintain the temperature of hot water. Use of a water heater gives greater
control over the water temperature and takes stress off of the boiler. There araitweeating
configurations used in the Greek houses. The first, and most prevalent, is a combination of a
boiler and a water heater. The boiler controls the water used to heat the radiators, while a water
heater stores and maintains the high temperafufe water used in the showers and sinks. The
second configuration is simply a boiler alone. The difference between the two is that with the

first configuration, it is possible to lower the temperature of the hot water to save energy.

The most obviouslement of heating is of course the temperature to which the thermostat
is set. In this respect, the Greek houses were reasonably efficient, keeping their houses at the
recommended 68 degrees Fahrenheit. Few houses featured programmable thermostdts that cou
lower the temperature while the house was unoccupied, but only one house was uncomfortably
warm. The location and control of the thermostat varied greatly between the houses. Some
houses had separate thermostats for every room, others were desigtiadthltways of each
floor, and others were locked in a separate room where onlydhge managdrad access. We
recommend programmable thermostats that are locked away so that drdyskeemanagsr

have access to them.
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4.2.4 Insulation
Insulation is the surof all measures that a house takes to reduce or eliminate the

uncontrolled flow of heat between the interior and exterior of a house. Although insulation is
essential to heating a house efficiently, especially in the cold climate of New England, the Greek
houses very often had serious problems with their insulation. The window frames in most of the
houses were wooden, which is normal for the time that these houses were built. However,
wooden window frames are harder to seal and are prone to warping,l@dddio gaps between

the window and the frame, as shom figure 6 These gaps allow heat to seep out of the

building almost constantly. Figuishows a broke basement window which needs to be

replaced as a great amount of heat loss is occurring.

Figure6: Damaged Window Fram igure/: Broken Window

On metal window frames warping was not an issue, but many of the older frames
featured rubber seals that had degraded or been rippedl@ifing cold air into the room.
Often, the problem was so severe that a draft was noticeable from over a foot away. Some houses
used singlgpane windows which act poorly to prevent drafts, but almost all houses examined
had used doubipane windows, whichave a layer of gas sandwiched between two full sheets of
glass to provide superior insulation to a singgee window. Unfortunately, installing Energy
Starrated windows or storm windows is quite expensive with a long payback period due to the
renovatiams reaiired and relatively low energavings. Albert LaValley, a professional auditor,
estimated the payback to be as many as 20 years. Therefore, transitioning windows is not
recommended for as a shoetm fix but should be considered by housing capons if other
renovations, such as residing, are already scheduled to occur.
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Another insulation problem occurred in the exterior doorways of the houses. Again,
wooden door frames are vulnerable to warping, and many houses often have gaps between the
floor and the exterior doors or between the door and the door frame, as seen 8 Ryubber
or metal skirts exist to fill these gaps, but of the houses that needed them, few had installed them,

and fewer still maintained them.

Figure9: Missing Door Skirt Figure8: Missing Attic Hatch

The attics in the houses posed yet another insulation problem. Because heat rises in a
building, it is essential to have a welkulated attic to prevent hdabm escaping from the
house through the ceiling. Unfortunately, we encountered several houses that lacked any
insulation at all in their attics and many others without prgpsaraled attic hatches. Figurés9
an extreme case showing a missing attichhat¢ithout a hatch, energy is constantly wasted
through heating the attic.

This problem is compounded by the architecture of many of the houses. In order to create
more room for occupants, the majority of the houses were built on a central pillar sygkem,
one open stairwell leading from the first floor up to the top of the building. This configuration
allows a large amount of heat to escape the lower floors and seep iatbchas shown through
figure 1Q If the attic is not insulated properly,thee at i n a house can be qu
out t he wi-owtrimakeddnsukation prdblem is the gap that occurs between a pipe
that crosses the plane of the ceiling, and thénggilself, as shown in figure 1This accounts
for heat transfethrough the stories of the house. In order to fix this problem the entry point of
the pipe should be filled with insulating foam or an expanding insulating spray, but this was

rarely done.
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Figure 10: Open Chimney in Figure 11: Unsealed Piping

Basements are another area found to have major heat loss areas. Broken windows,
unsealed piping fixtures, and uninsulated windows were also present there. Like the attic, a
properly insulatetbasement has a major effect on reducing the heat loss Withmedt of the
house. Figures 12 and b8low represent an improperly and properly sealed baseweaw,
respectively. Figure 1@ses a cafeteria tray to covereo an open vent while figutS contains a

piece of insulation over the window with expanding foam to stop air leaks around the edges.

7 rodroc . 223 : - o
Figurel2 Improperly Sealed Windo Figurel3 Properly Sealed Windov
4.2.5 Waste Management

Given the amount of trash that a fraternity houses produces, it is surprising that so few
houses have instituted recycling programs. Like most issues with environmental sustainability,
the main issue preventing change seems to be inconvenience, noecasisdfraternities are
classified as commercial buildings in the city of Worcester, they are not eligible for city trash or
recycling pickup. Most fraternities have a dumpster to dispose of trash which is emptied on a
weekly or biweekly basis. Very fewdternities drop off their recyclables at a recycling center,
opting instead to dispose of them in the dstaps with their normal trasfihis is not only
harmful to the environment but fiscally wasteful as well. One fraternity, Sigma Phi Epsilon, was

ableto save approximately $1,200 a year by recycling ttems, bottles, and cardboafdthe
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reason the house was able to save this money is because trash disposal companies charge by
weight to empty their dumpsteBy reducing the amount of material placadhe dumpster,

money was ultimately saved and the impact on the environment was lessened. It should be noted
that most houses at least recycle bottles and cans by redeeming them for¢batfkeposit.

The close proximity of a can and bottle recyclatgtion at the Price Chopper on Park Street

made the decision easiémn.order toguaranteehat recyclingoccurs, we recommend that it

become the responsibility of one of the officers of the hasiseh ashehouse manager
assistanhouse manageResponsibilities included in this position should be to jg®v

necessary receptacles, ensure membversanscious of recycling, argbpropriately dispose of

recyclables.

4.2.6 Appliances
Fraternities have a much higher appliance load than a normal housetdeedsident

capacity. Many fraternities need walkfreezers and industrial refrigerators to store their food

and supplies. Fraternities also use professigredle washers and dryers that will stand up to the

stress of constant use throughout each dayortunately, these appliances are usually extremely
inefficient, because of their age. These hedwty appliances use a great deal of electricity, but
there are ways to reduce the | oad. Energy St a
energyefficiency, and gives an Energy Star certification to appliances that meet government

criteria for energy use. By purchasing Energy -®iéed appliances chapters can cut their bills

substantially, along with getting better performance out of their aqmafa

4.3 Cost Analysis
In order to compare the energy usage of each house we employed a Microsoft Access

Database to input all the data collected during the tatiugh audits. This program was also

used to calculate potential savings if green recommendatiere implemented by the Greek
houses. Due to the inability to quantify certain areas of potential savings, the group focused its
efforts on lighting and water cost analysis. Areas such as adding insulation and reducing water
heater temperature will gréareduce energy consumption;tlibe exact savings are difficult to

be predicted. For example, adding insulation around hot water pipes will neglect heat loss and

therefore allow for hotter water in faucets and showers to be the same temperature thevhich
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water heater is dialed. This will not only reduce the load on the water heater, but will also allow
for House managsrto turn down the water heater temperature, again reducing the energy load,
without risking the inconvenience of readily available \nater.

4.3.1 Lighting
Based on the current incandescent usage in each house, the potential annual savings from

a transition of CFLs were aallated and listed in Appendi The annual incandescent

operating cost (IOC) and CFL operating cost (COC) were cadrliaith the equation,

B 06i (Y2 cxd 2" Eoii 20.1152365
1000

, Where usage is the number of lights operating for a high, medium,

or low amount of time, represented by 21, 12, and 4 hours respectively. The IOC is calculated
using the wattage of incdascent present in the house, whereas the COC reflects the operating

cost if each incandescent were transitioned to a 14W CFL.

Table 5: Lighting Comparison

Item Cost ($) Lifespan (hr) Watts
1 kWh electricity 0.115 N/A N/A
AverageCFL 3.50 8,000 14
Average Incandescent 0.50 1,000 60
Average T8 3.50 20,000 32
Average T12 3.50 20,000 34

The sum of the product of these quantities is then multiplied by the cost of electricity per
kilowatt hour, $0.115, multiplied by 365 days per year, and then divided by 1,000 to convert
watts to kW. Finally, the total savings are calculated by takinggheating cost and including
the cost associated with replacing lights through the year. As shown in5fab&FL is seven
times more expensive, but it lasts eight times as long and therefore saves $0.50 per year per bulb

that is switched to CFL before egating cost is even taken into account.

Similarly, a cost comparison between T12 and T8 fluorescents (see Appdhdias/

conducted using the same equation as previously stated. The T120C field represents the current
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annual operating cost based on TX2uies. The T8OC field predicts th@enual operating cost if
the34W T12s were transitioned to 32W T8s. The total savings again take transition cost and
lifespan io account. As shown in TabB T8s and T12s cost the same amounthanet the

same lifespan. The differences between the two bulbs arfoteid=irst, T8s use&6% less energy
and therefore sav®4.60over the course of the bulb due only to the lower energy consumption.
Secondly, a T8 bulb is rated wi#®.8 more lumens p&¥attthan a T12 fluorescent and

therefore produces more light.

Finally, the savings pending the installation of motion sensor on high usage lights were
estimated for all houses (see Appendix)Vin this calculation, the high usage lights were
predictedo fall to a medium usage level due to being turned off overnight or when the space is
vacant. To determine the savings, first the cost of operating all high usage lights currently
present in the chapter houses was calculated based on current high usagidxd, to simulate
the operating cost with to motion sensors, the calculation was performed using medium usage
hours. The difference in these two values represents the total savings simply by installing motion

Sensors.

For a transition from incandesadighting to CFL, the average potential savings per year
is predicted tde $382.90. In the most extreme case, the Phi Sigma Sigma Sorority could save
$1,148.55, an electricity savings of over 75% by replaalhipcandescent lights with 14W
CFLs. Throudy a T8 transition, Fiji had the most significant savings of abho¥%t with £73.01
Due to the large numbers of lights in the chapter houses and great quantity listed as high usage
from being left on overnight, the average savings by installing motiooseasiounted to
$562.37 LambdaChi Alpha has the opportunity for the most savings with an estimated
$1,657.68oer annumTable6 lists the complete cost savings for all audited houses.
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Table6: Chapter Hous&ightingComparison

House Current Incandescent CEL Current T12 TS W/O Motion Motion Sensor
Cost Savings cost Savings Sensor Savings
Al o $274.52 $217.96 $302.56 $50.80 $271.49 $116.35
ATAq $20.15 $16.45 $522.34 $50.73 $777.46 $333.20
A2 @ $506.85 $429.90 $82.77 $8.87 $214.20 $91.80
AXP $372.10 $305.98 $1,207.36 $129.02 $1,695.08 $726.46
Fiji N/A N/A $2,924.23 $273.01 $2,898.29 $1,242.12
aKd $33.58 $29.88 $11.42 $2.67 $160.43 $68.76
s XA $342.52 $271.10 $1,555.59 $151.50 $3,867.91 $1,657.68
d X $20.15 $16.45 $29.97 $2.76 $1,158.25 $496.40
PEK N/A N/A $459.54 $47.03 $509.49 $218.35
PEE $1,473.32 $1,148.55 N/A N/A $2,042.38 $875.30
FoOE $298.15 $230.57 $1,003.29 $110.02 $1,971.86 $845.08
EY $105.78 $82.10 $59.94 $5.53 $1,124.76 $482.04
TKE $528.89 $370.57 $131.30 $13.72 $935.24 $400.82
ZQq $405.48 $275.23 $308.26 $30.13 $743.96 $318.84
Average $365.12 $282.90 $661.43 $67.37 $1,312.20 $562.37
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4.3.2 Water
Potential savings through tivaplementation of lowflow aerators and shower heads

were calculated for those fixtures currently producing more than the recommenefbaittow
water level of 1.5 gallons per minute (see Appendix &iid X for complete breakdown of
data). These calculatistake into account both the water savings due to a reduced flow rate and

theenergysavingbased on less water that needs to be heated.

In determining the water savings per yBAISPY)for faucets first estimatedvas the
current gallons per year (GPY)resumed by each houdeough the equation,
"@dO= "B z &WNQz 200. This equationtakes into account two different types of faucets:
kitchen and bathroom. Kitchdaucetswere estimated to be used for 60 minutes per day due to
the large number of diskeéhat must be cleaned every day. In reality, each house has a different
system for cleaning dishes so this number is an estimate based on an average personal experience
within two houses, Alpha Tau Omega and Sigma Alpha Epsilon. Each resident was dgtimate
use the bathroom sink for 3.5 minutes a day. This time takes into account washing hands an
average of four times a day, washing face once a day, and brushing teeth twice a day. Due to the
varying flow rates in each bathroom, the number of residentsgteroom was established to
best estimate how often each floors bathroom would be used and therefore better prizoidt the
GPY.The 200 represents the approximate days of residenicg Abuses. Gallons per year
recommended (GPYR) was then calculaisshg the same equation,oept with 1.5 in place of

GPM. Next, the cost per year (CPY) of those sinks using more water than tHeolowevel was
"D 024.67

calculatedwith the equationQLUW = 1000

. Here the sewage and water cist

represented by $4.67 pE0 gallonsandQ is the quantity of sinksChe cost per year with
recommendationsJPYR) was calculated the same way exedgt GPYR in place of GPY

Finally, the WSPY s determined through the equati@i Y= 600 60&Y.

The seond part of the calculatioenergysaving per year (ESPY), was begun by
figuring the amount of energy, in therms, required to raise ground water to the maximum output
temperature recorded during the wétkough audit. Théollowing equationis the conversion

needed to increase the recorded temperatufeom ground temperature
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3.79241892 gz Y32 1278

= T057100 . Using this equationht overallcurrent energy cost

per year (ECPYis calculated b0 = "Dz "XH i) z 1.36, where $1.36 ithe average

NSTAR cost of one therm of natural ga@$irough in installation of lowlow aerators, the energy
cost per year recommended (ECPYR) was estimated using the same equation except replacing
GPY with GPYR. Lastly, the tot&nergysaving per year (ESPY) wedetermined from the
difference between the ECPY and ECPYR.

Ultimately, in combining the water amhergysavings, total savings per year (SPdgn
be calculated. The SPY also takes into account the price necksgarschasing an aerator,

determined on average to be $1.75, with the equatfby= "D+ OY® 02175 .

Finally, thepayback period, in days, was calculated by use of the equfaﬁdmfﬂﬂi): %,:—5
365

to determine how long will be reqeil before the houses regain their initial green investment.

Shower usage wateterminedn the same fashion and using the sé@s&c equations as
for faucetsagain justor those shower heads producmgre tharl.5 gallons per minute were
taken into account with the cost analysis aadings. Thenly differencesn calculationare that
theaverage shower time was estimated to be eight minutes per pes@senting thiype
variable,and the cost associatedthwreplacing the current shower heads with-fitmw fixtures

wasstandardized &20.
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Table7: Chapter Hous&Vater Comparison

Low-Flow Shower Head Low-Flow Aerator

House WSPY ESPY SPY Payback (days) WSPY ESPY SPY Payback (days)
Al o | $77.36 | $182.06 $199.42 83.26 $111.59| $281.05 $519.44 8.29
ATAq $339.95 | $541.75 $761.70 49.00 $262.51| $374.52 $892.33 5.56
A2 @ | $45.90 | $60.75 $66.64 135.03 $48.23 $98.24 $299.12 6.21
AXP $84.31 | $135.30 | $139.61 131.14 $774.91| $1,369.82| $1,959.89 1.92
Fiji $515.32 | $960.02 | $1,395.34 19.52 $63.27 | $119.01 | $318.98 13.31
aKd $17.68 $24.25 $1.93 343.39 $53.47 $83.94 $282.28 12.91
s XA | $240.56 | $429.14 | $529.70 75.26 $65.32 | $119.67 | $330.46 16.38
d X $37.20 $48.74 -$154.06 1005.38 $291.84| $462.65 | $1,448.45 3.45
PEK | $119.78 | $212.68 $232.46 108.28 $95.50 $161.48 $390.00 9.44
PEE $34.81 $61.01 -$4.18 375.72 $36.87 $70.32 $244.38 14.83
FOE | $115.13| $152.57 $127.69 188.27 $85.13 $120.99 $347.06 15.63
EY $32.23 $54.33 $6.57 332.69 $90.26 $158.46 $381.56 12.74
TKE $166.69 | $405.45 $412.14 100.67 $453.15| $1,118.03| $1,518.33 6.92
Zq $294.28 | $323.49 $557.76 34.96 $130.79| $176.41 $440.60 4.24
Average | $151.51 | $256.54 | $305.19 213.04 $183.06| $336.76 | $669.49 9.42
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As shown inTable7, anaverage savings of $3@an be expected through switching to
low-flow shower heads. The house estimated with the highest savings is Fiji with 2460t $
The houses of Theta Cand Phi Sigma Sigmare both seen to hamegative savings after one
year. Both these houses have shower heads that produce more than theeadech 1.5 gallons
per minute, butlo not exceed 2.1 gallons per minute. Also, Theta Chi has 12 shower heads that
could be replaced which created a high transition cost. Howtregraybak periodrepresents
that both houses will begin to save every year in the long term.

Likewise, by installing new aerators ali sinks, an average savings @&7® per yearcan
be expected throughout the Greek community. Due to the fact that aeratoresir$y.75, the
payback pend associated with all chapters is well under moath. Alpha Chi Rho is expted
to save nearly $2,000 all sinks are converted. Opeobableobstacle seen in this transition is in
regards to kitchen sinks. Some houses prefer a higher flow rate because it is more convenient to
fill the sinks as fast as possible before cleaning dishes. If Alpha Chi Rho weasd¢dheir
kitchen sinknon-aerate, currentlyrated at 11..IGPM, they would only save about $6a0year
opposed to their potential 2,000.

4.3.3 Washers
In determining the cost savings associated with the transdgi&nergy Starated

appliances comparison was performed to reflect yiarly savings between purchasing a new
Energy Star versus ndbnergy Star washgsee AppendixX). This calculationbased on an
Energy Star template (Energy Star, 20083s thre#ld including the savings in gallons,

electricity, and thermd able8 represents the differencbstweerthe twowasheitypes

Table 8: Washer Data Comparison

ltem Normal Energy Star
Gallons per Load 32.5 14.77
Cost per Gallon | $0.00467| $0.00467
kWh per Load 0.2090 0.1434
Cost per kWh $0.115 $0.115
Therms per Load | 0.0731 0.0308
Cost per Therm $1.36 $1.36
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First calculatedvere the gallonper year savings (GPYS) through the equation
"DEY= 325 1477 z &G 2302 GEionQ "@aEE . The first term represents the
difference between gallons used per load. The second term contdwed$ierm, averaged as

one load per week per resident, the estimated weeks of usage, and the cost per gallon of water.

The energy per year savings (ER¥¥d therms per year savings (TPYS) were
determined by use of parallel equations. The equaBdaY= 0.2090 0.1434 z
XY 2 302 681 ONQ @ 'Q, describes the electricity cost difference. THRY'S is found to be
similar as’Y@'Y= 0.0731 0.0308 z ¢£GXd 2302 ci ONQ M & .

The final SPY was found by summing the thseparate cost savings due to the Energy
Star reduction in overall resource usage. A payback period, in years, for purchasing an Energy

Star washer was lastly concludiough the use of the equation,

T 850 100 20 " i : .
IARNANG= oo . This payback takes into accouthie number of washers present

in each house as well #s price of purchasing the new appliamgele subtracting maintenance

fees that would be saved by replacing an old appliance.

Since our comparison is being madea new, non Energy Star washer, our SPY and
therefore payback are underestimated. éNafrthe washers in the Greek Houses wereettily
Energy Star anthost appeared to be ten or more years old. Therefore, they are currently less
efficient, which would therefore continue to increase the savings associated with installing an
Energy Star applianc€or this, the average SPY of $288%d on this comparison would
increase undoubtedly.

4.3.4 Refrigerators
In order to determine the cost savings associated with purchasing a new Energy Star

rated refrigerator, only those commercial refrigerators were taken into a¢seamippendix

XI). Therefore residential refrigeratefreezer combinations were not included as they were in
the minority of housed hree different types of refrigerators were found within the Greek houses
depending on number of doors. Table 9 lists the differences between thevtich were used

when calculating savings.
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Table 9: Refrigerator Data Comparison

Number of Doors Average ft Cost Lifetime Maintenance
1 38.03 $2,715 $200
2 66.17 $3,200 $250
3 122.58 $4,500 $300

In order to determine thaurrent energy per year (EPY) consumed by the appliances the
equation@ M= 0.12"®® + 354 z 365, was utilized, where 3.5#presentshe average

nortEnergy Staenergy consumption per kWh. The recommended energy per year (REPY) is

calculated in the samaghion except with 1.9 kWh for an Energy Star refrigerator.

The overall savings per year (SPY) is found by the differéNo@®,= ‘Q)& YO
Finally, the associated payback period, in years, was determined through the formula,
e B8O D GSRIECEED

l’?jur'?’u ,:_ =
Y

Of all the Greek houses, currently 11 of 15 contain one or more commercial refrigerators.

Based on these calculations presented above, an average savings of $1,000 is expected if all were

to be switched to Energy $teated refrigerators.

4.4 Reception of Sustainability Movement
In performing energy audits on the Greek community, it became apparent that the main

obstacle to sustainability was not opposition to the changes, but mere apathy about the state of
the chapter houses. Lights are frequently left on at night in most haunseshile some have

motion sensors, most of them have been disabled either by vandals or by the residents
themselves due to the annoyance of lights turning off while they are still in the room. As stated
previously, it is not in the scope of this projezimplement any suggestions, only to convey our
recommendations to the chapters. That being said, no house was viewed to be a complete loss,
and most had some form of green technology already implemented. Based on the feedback
received from our focus grpuas well as the interest shownhyuse managsrduing our

audits, we believe our amual of recommendations (see Appendlixihcluding personalized

audit addendums (see AppendikPwill be a success and expect to see many more green
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changes occurrinigp the near future. We were able to confirm most of our assumptions about the
attitudes of the Greek community in the focus group. We learned that the main motivation for the
Greek houses to cut energy use is monetary concerns; one of the participdrekepticism

about global warming as fairly prevalent around his house, making an environmental argument
difficult to make. We also noted a general consensughbatipport from theiniversityin the

form of provided services or other-gost incentivesvould go a long way towards convincing
chapters to go green. It was also noted that houses that did not pay their own energy bills, but
had them paid by their Housing Corporation, felt less personally responsible for energy use and

therefore tended to wiasmore as they pay a fixed rent cost.
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5 Conclusionand Recommendation

The project began with the assumption that green improvements to a house are indeed
economical. This turned out to be a good assumption, and the project would have gone nowhere
hadthe assumption been proved false. The results, however, were more dramatic than
anticipated. The average savings for a house that changes its lighting and water fixtures, and
mounts motion sensors on its high usage lights was approximately $1,887 acfedmg the
cost of new hardware. That figure does not take into account other eamigy methods whose
savings are difficult to calculate without complicated computer models, such as new insulation

and installing new windows.

A reaurring theme in thenergy audits performed on the Greek community is the
existence of problems caused by a lack of conscientiousness, rather than a lack of money or
equipment. It is telling that there are some green innovations that are widespread in the Greek
community; namaly the use of CFLs and aerated sinks that require no effort on the part of the
residents of a house. Others, such as maintaining insulation and switching off lights, which
require monitoring by the residents of a hquse tragically underutilized. Whesked about
the primary obstacle to sustainability in their houses, our focus group overwhelmingly cited
Al azinesso and | ack of knowledge of green i
(see Appendixll) reflects this reality. It is a conversamal piece, a nothreatening piece of
cajolery intended to educate the average fraternity or sorority member about green issues and to
overcome any reluctance towards change by presenting attractive arguments in favor of
environmental sustainability ifné form of cost analysis. In the end, toaise managsy
presidents, and housing corporations can only do so much to cut down on utility bills and save
energy; the culture dhehouses and their attitudes toward the environment and sustainability are
far more important. A certain house comes to mind, recently built, whose residents spared no
expense in insulating their new dwelling and installing efficient lighting in its hallways and
bathrooms. Upon entering, an auditor might expect the house to beeatingy efficient;
indeed, the house has done an exemplary job maintaining their door seals and window frames,
and uses higlefficiency sink fixtures in every bathroom. The auditor is shocked, then, when he
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learns that all of the hallway and bathroom tggare left on for nearly twenty hours a day. When

the auditor suggests that the residents install motion sensors so that the chore of shutting off their
lights is taken off of their shoulders, he is shown to the bathroom wheeeattegandalized

remainsof a fixturemounted motion sensor. This attests to the limitations of technology in

solving the energy crisis. Another house comes to mind, also recently built, whose residents pay
a fixed trtmonthly rent, encompassing the costs of food, waste managantkutilities. In this

house, sunlight replaces electric light for most of the day, the tiula wellmaintained, and

the residents recycle the majority of their waste. These ardiloegractices for the residents
themselves despite never seding utility bills. The culture of the house is such that the

residents are encouraged to save energy for the sake of it, despite not seeing the benefits directly.

The purpose of our project was to make recommendations to the Greek community
concerning théransition to a geen lifestyle and on financial grounds. Unfortunately, the manual
and its accompanying energy audit alone might not be enough to convince the Greek community
to significantly cut back on its energy usage. It is up to the leadershiphimease to impress
upon their residents the importance of these changes to the future of their chapter, and it is in
turn the responsibility of the residents themselves to not only follow these recommendations but
to encourage their peers to follow themnadl. A brother or sister is much more likely to put
forth effort towards a green program if they feel that they are not alone in making the effort

towards a more sustainable house.

The outlook, however, is not one of pessimism. Our focus group indwdledness to
make changes to their houses as long as those changes resulted in monetary savings, which we
have definitively concluded it will. Our informal conversations with members of the Greek
community yielded the same response, and added credethesidea that a lack of knowledge
of green issues was the primary issue, not hostility to environmental ré&oifgnone member
of the focus group cited fairly prevalent skepticism over anthropogenic climate change in his
house, but added that the finaal@rgument was very convincing. This makes the financially
oriented focus of our manual muniore effective because it will help to convince those who

would not otherwise take a stand on environmental issues.
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On a more practical note, there were sevamhs noinvestigatedy the scope of our
project that form plausible avenues for future IQPs. It was the goal of our sponsor to raise
awareness within the Greek community through ¢assnplement recommendations first, and
then to address more substaatchanges to the infrastructure of the house in future projects. The
project did not address alternative energy, for example, such as the use of solar water heating,
wind turbinesor solar electricity. Though recycling was included as a section in theaizmd
in our recommendations, far more can be done to address responsible waste management in the
Greek community, perhaps in conjunction with WPI or the city of Worcester. Other than the
GAC Award (see Appendix Xl), the project also has no way to kdbe longterm effect of our
recommendations, or to gauge the attitude of the Greek community towards green issues as a
result of our work. The opinions of the Greek community towards more abstract environmental
issues such as land conservation and beydity after participating in a green energy use
program would be an interesting study, primarily because the two are very different brainche

one fundamental philosophy of environmental stewardship.
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