FEASIBILITY OF GREEN BUILDING AT WPI

A Thesis
Submitted to the Faculty of
WORCESTER POLYTECHNIC INSTITUTE
In partial fulfillment of the requirements for the
Degree of Master of Science in
Civil Engineering
By

Suzanne MPeyserEIT

April 30, 2008
APPROVED:
ProfessoiGuillermo SalazaPhD, Major Advisor Professor Leonard AlbanBhD,Committee Member
Civil & Environmental Engineering Civil & Environmental Engineering

Alfredo DiMauro, Assoc.AlA, Committee Member  Judith NitschPE, LEED AP Committee Member

Assistant VP for Facilities, Dept. of Facilisie Chair, Physical Facilities Committee, Board of Trustees
Janet RichardsorCommittee Member Jeffrey SolomonCommittee Member

VP for Student Affairs and Campus Life, Exeautive VP and CFO, Finance and Operations
Student Affairs

Professor Tahar Eorchi, PhD, Department Head
Civil & Environmental Engineering



ABSTRACT

College campuses, with significant numbers of older facilitiege tt@e opportunity to lead the green
building movement while reaping economic, health, environmeathicationaland marketing benefits
This project assessed the current status of green bugddggamsat Worcester Polytechnic Institute
(WPI), the cats and benefits dduilding greenand the costs and benefits of LEED certificatiomtake
the business case for LEEd®@rtified buildings. This project algwoposed strategic plan for green
building programsat WPI to promote and measure green bangdmprovements taew andexisting
facilities. Lastly, this project assessed the feasibility of certifying existing facilities with the LEED
Existing Building rating systemBy evaluating all of the costs and the major benefitsrésults of this
projectdemonstrat¢hatthe benefits obuilding greerand LEED certificatioroutweigh thecostsand
thatthrough strategic planning WPI can beconteaaleramong colleges implementing green building
programs
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1.0INTRODUCTION

As the effects of global warming become more veséohd the issue of global warming continues
to gain attention, society is looking for ways to reduce its impact on what has been called the climate
crisis. Looking beyond household or office recycling and carpooling, the nation needs to address one of
thelargest contributors to energy usage and carbon dioxide emissions: buildings. According to the
United States Green Building Council (USGBC), therapen of buildings consumes 40 percent of
energy and 71 perceat electricity used in the United&es ad is responsible for 38 perceftthe
United Staté sarbon dioxide emissions (20Q7eDne proven way to reduce thegative environmental
impactof a buildingis to implement green or sustainable building deaiyh constructiopractices.

Green or wstainablebuildingis defined by the United StatEsivironmental Protection Agency
(EPA) as #fAthe practice of -efticreet modelsofconstauctiont hi er an
renovation, operation, mai nt e n ahbenefitscanmafoudde mol i t
throughbuilding greenincluding environmental, economand health. To promote green building, the
USGBC developed a green building rating system called Leadership in Energy and Environmental
Design (LEED) (USGBC 2007c).

LEED evaluates a building inxsdifferent categoriesSustainable Sites, Water Efficiency,

Energy and Atmosphere, Materials and Resources, Indoor Environmental Quality, and Innovation and
Design Process (USGBC 2007c). To receive LEED certification, a byihdustberegisteedto show

t he o intantto ppirsue LEEDmeet all prerequisiteand obtain a certain number of points
throughout the categorie$Vhile all building sectors are eligible to register and certify a building,
college and university cgmuses are an important target for LEE®tificationandbuilding greerin

general This is due taheir current growth, energy usage, outdated faciliied educational missien

The United StateBe par t ment of Ener gy (dor@dne energydikees t h.
mini-ci ti eso (2006) . University facilities operat
centers, and schools.n&rgy costs are risingjong witht h e st u d e ot endigyitensiva n d s
amenitiessuch as air condidiing and higkspeed internet (USDOE 2006). In recognition of the
financial andassortedther benefits that can beund through green building, as welltae
marketability of LEEDcertified buildingsmany college campuses have registered and certiifeed
recent building projects.

As of 2005, higher education facilities were the third most common Liegi3tered project
type, accounting for 7.1 percent of all LEEEgistered projects (Yudelson 200&s of March 2008,
two of three LEED-certified luildings andive of seven LEEEregistered projects Worcester,
Massachusettswere on college campus@3SGBC 2008d) Worcester Polytechnic Institute (WPthe



university on which thishesisfocusesaccounts for one of the LEEE€ertified buildings ad one of the
LEED-registered buildings in Worcester.

Whilemanyc ol | eges are jumping on the fAgreenod bar
their approach to green building. Green building policies exist on many college campuses, including
WP, but a conmitment to sustainability in future building projects is only part of the picture. A
strategic plan must be developed to promote and measure the status anddféneiiiisg green and
green buildingprograms One way to do this is to develop a BakshS&corecard (BSC).

The BSC approach to strategic planning was developed by Robert Kaplan and David Norton
(WPI  662) as a tool to provide managers with a
1992). Found to be most successful when tselive change, BSCs have been implemented at top
companies, government agencies, andpafit organizations. Defying the shdrted popularity of
most strategic management tools, the BSC was included hiattvard BusinesReviewd s | i st of
most influential ideas of the twentieth century (Niven 2006). The BSC is unique because it includes
both financial and operational measures to create a balance between leading and lagging indicators,
short and longterm objectives, and internal and extdrperformance (NetMBA 2007).

The goal of thighesiswas to promote green building at WPI throulgé development of a
strategic planning tool arttie assessmeant green building costs and benefits. Using the BSC
approach, thiscademi@rojectpropogsa strategic plan to promote and measure the benefits of green
building at WPI. To further promote green building, thiggecbevaluatedhe costs and benefits of
building new facilities to green building standards and the LEED premium, or the custmtes] with
LEED certification. Lastly, thighesisinvestigated the LEED Existing Buildings rating system for use
on existing buildings at WPIThe results of thithesisdemonstratéhat the benefits of green building
and LEED certification outweigthe costs and that through strategic planning WPI can become a leader
and strong competitor among colleges implementing green bupdoggams



2.0 BACKGROUND

To evaluate the costs and benefitboilding greerat WPI,having a general understangiof
green building was importanfThis section explores the historytbégreen buildingnovementthe
current green building standards of chomed the general benefits green buildings provide. To relate
this information tdbuilding greeron collegecampuses, this section also includes informategarding
construction on college campuses, green buildeggnon college campusgand the status of green
buil ding on WPIG&6s campus. Il n order to eunder st a
engineering economic techniques used are explained aB&Mand its uses are explored.

2.1 The Green Building Movement

The green building movement dates baxkhie energy crisis of the 195.0With the increase in
fuel prices, Americans began to gtien their reliance on fuel for transportation and building operation
(Building Design & Construction 2003). Within four years of the OPEC oil embargo, the American
Institute of Architects (AIA) formed the AIA Committee on Energy, the United States Goeet
formed the Department of Ener(yOE), and theDOE established thidationalRenewable Energy
Laboratory During this timesome of the first gredouilding techniquesvere used.

The term sustainable development was defined for the firstitirh@7 by the LhitedNations
World Commissioron Environment and Developmemts t h a mmeets the nedds di the present
without compromising the ability of futuregean@a t i ons t o me dUnited Magonsr200b wn n ¢
Sustainable development continuede a popular topic among architects and engineers at conferences
and meetings over the next six years. The topic spread to the public with the election of President Bill
Clinton.

On Earth Day 1993, President Cle nHoouns eadn n(oBuunic
Design & Construction 2003). The goal was to ma
and waste reductiono (p. 5). An energy audit p
by the EPA, and a number of desigratttes led to numeroiraprovements to the twbundredyear
old building. The improvements resulted in $300,000 in annual water and energy savings, as well as
| andscaping and solid waste expenses, and reduc
tons of carbon per year.

The success of the Greening of the White House sparked two important steps in the history of the
green building movement. The first was the green renovation of other federal buildings amal nati
parks such as the Pentagoul #me Grand Canyo(Building Design & Construction 2003)The second
was the establishment of the Presidentés Counci
list of 140 recommendations to improve the environment. Following that lead, hemyfexleral
agencies and departments made their own renovations.



Al ongsi de the gover nment 6s rppratisnof thedJniteddStatese n b u
Green Building Council (USGBC). In 1993, the same year as the Greening of the White House, th
USGBC, a nosprofit organization, was founded to pnote green building (USGBC 200)7dSince that
time, the USGBC hasreated and contingéo develop standards to evaluate sustainable buildings.

These standards, called Leadership in Energy and Envinotal Design (LEED), serve as a rating
system for the design, constructiamd operation of green buildings.

2.2 LEED

Between the development of LEED in 1998 and 200@r 1,000 projectaerecertified, over
8,000 projectsvereregistered for LEED a@éfication, and over 40,000uilding and design professionals
becamd.EED AccreditedHicks 2007). The original rating systdras beefurther developedand
nine differentsystems have been creatétiese rating systems include standards for New Conmtherc
Construction and Major Renovations, Existing Building Operations and Maintenance, Commercial
Interiors, Core and Shell Development Projects, Homes, Neigbbdmevelopments, SchopRetail
and Healthcare (USGBC 2007dj.should be noted that LEEfOr Schools is primarily used for-&2
schoolsandalthough it can be used for higher education facilities, it isegpiired USGBC 2008k
Basedon the certification of most higher education facilitiéss thesifocuses on LEED for New
Commercial Castructon and Major Renovations (LEENC) and LEED for Existing Building
Operations and Maintenance (LEEEB).

I n each standard, LEED evaluates a buil dingé
Water Efficiency, Energy and Atmosphere, Btals and Resources, Indoor Environmental Quality, and
Innovation and Design Process (USGBC 2009GBC affirms that approaching the whole building
reduces operating costs, resulthi@althier and more productive occupants, and consewenatural
resourceUSGBC 2007c). Each category identifeesd a number of items eligible for points and some
categories identifgpecific requirementor prerequisiteghat must be satisfied to receive certification.
The percentage of totpbints in each categpin LEED-NC guidelines is shown in Figure 1. The
perentage of total points for LEEEB is shown in Figure 2.
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Thetotal pointsa project receivedetermingthe level of certification the projectaeives. Table 1
shows theoints required for theEED-NC andLEED-EB levels.



Table 1: LEED Points Required(USGBC 2007a,2007b)

Rating Level NC Points Required | EB Points Required
Certified 26-32 32-39
Silver 33-38 40-47
Gold 38-51 48-63
Platinum 52-69 64-89

As shown, LEED for Existing Buildings contains more possible points, yet the percentage of points
required to obtain each leved certificationis the same.

A study completed in 2003 for the Califorr8astainable Building Task Foressessed the cost
of building to each LEED certification level (Kats 2003a). The study aedlgost data for 33 buildings
T 25 office buildings and 8 schoolscompletedbetween 1995 and 20@d determine the premium cost
or green premiumTable 2summarizes the data congddlin this study.

Table 2: Average Green Cost Premium by LEED Certification Level (Kats 2003a)

LEED Certification Level Average Green Cost Premium
Certified 0.66%
Silver 211%
Gold 1.82%
Platinum 6.50%

The average price increase foe tB3 buildings studied was 1.84 percefts shown, the green premium
for gold was less than silveKats, the author of the study, attributes this anomaly to the number of
buildings studied for each certification level. Osgly gold buildings were studied, whereas 18 silver
buildings were studied. Another factor would be the date the facilities westracted. For example,

the date of completion for the silver buildings ranged from 1994 to 2004, while the date of completion
for gold buildings ranged from 2000 to 2003.

The green premium is generally attributed to higher priced materials, incressgd time,
modeling costsand LEED certification costs (Kats 2003bAt WPI, the estimated green premium for
East Hall, a new residenbeilding, was 2.6 percent at the beginning of the prdi€ennon 200y It
should be noted that the architectlut facility found the green premium to be so high because of the
green roof. Using a different roof, the green premium would be 1.1 percent.

This project also considers the LEED premium, or costs associated with LEED certificEti®n
LEED premiumis comprised of soft costs and the costs to register and cepifyject. LEED oft
costsincludeextradesign time LEED documentation time, andodeling cost¢§RSMeans 2006)Not
included in soft costs are the cost of materials, technptygynstuctionlabor. A study for the
General Services Administration found the followsajt costdor court houses and office buildings
based on certification level and the process used.



Table 3: LEED Soft Costs Per Square FoofRSMeans 2006)

Building Type Court House Office Building
Owner Hires LEED Owner Hires Design Owner Hires Design
Process Expert Outside Project | Team to Perform LEED |[Owner Hires LEED Expert| Team to Perform LEED
Team Duties Outside Project Team Duties
alge) Certified $0.41 10 $0.46 $0.43 to $0.45 $0.41 $0.35
ﬁ 5 Silver $0.41 10 $0.55 $0.44 t0 $0.54 $0.44 10 $0.49 $0.36 t0 $0.44
- Gold $0.61 to $0.81 $0.56 to $0.73 $0.69 to $0.70 $0.58 to $0.59

The other majofactor in the cost dbuilding greenwith the USGBC are the costs and fees
associated with LEED certification. The table below shows cost of USGBC membership and the rates
for LEED certification. As shown, USGBC members reea discounted rate when registering and
certifying a project.Currently, WPI is not a USGBC member, but would be eligible for the discounted
rates if the party responsible for registration and LEED documentation was a USGBC member. The
responsible paytcould be the architect, LEED consultant, or construction mander USGBC
membership shown in the second column is an annual dues. The pageofregistration is a set fee,
while the cost of certification is dependant on the square footage btitlding (USGBC 200§. If the
project receives a LEEPIlatinum rating, the certification fe@sereimbursed.

Table 4: Cost of LEED Registration and Certification (USGBC 2008)

LEED Certification
USGB:C LEED
Me.mbersh1p (1-2 Registration Less than 50,000- More than
Univ. Campuses) 50,000 SF 500,000 SF | 500,000 SF
USGBC Member - $450.00 $1,750.00 $0.035/SF  $17,500.00
USGBC Non-Member $750.00 $600.00 $2,250.00 $0.045/SF  $22,500.00

Otherfactors thatan increase or decreabe green and LEED premiunase the level of LEED
certification, stage when the decision to seek LEED certification is made, project type, green technology
used, | evel of direction given by the owner, ge
green buildings and the LEED process (Ylade 2008). As shown in Table the level of LEED
certification affects the green premium. If the decision to go green and/or seek LEED certification is
made after 50 percent of the construction documentsanplete, change®quired for LEED
certificationbecome mor@volved andcostly. Certain types of projects require more costly changes,
such as laboratories. Also, certain types of green technology, like photovoltaics and green roofs, cost
more re@rdless of any other factors. HoweveEED certificationcan be achieved without thesghe
more direction the owner gives, the more organized theG@estnategy can be. The geographic location
canaffect the cost of the project becatise climate and Ia codes ca make LEED certification more



or lesddifficult. It has also been found that the green premium is redutex team members have
increased experience with LEEE2rtified projects and green buildings.

2.3 Benefits of Green Building

Any time a cost is added to a project, the owner needs to find a rational justification for the
increase. For this reason, many studies have assessed the general benefits of green buildings. It has
been found that green buildings can reduce energy usage aatragpeosts, and improve the asset
value of a building (RSMeans 2006). Green buildings can also improve occupant productivity, reduce
worker absenteeismand contribute to higher employee retention rates.

Furthereconomic benefits include reduced @isrg costs, reduced maintenance costs, increased
building value and tax benefits. Green buildings incorporate many energy efficient technologies that
can reduce usage by 25 to 40 percent (Yudelson 2008). Eseving buildings can also be easier to
operate and maintainecause the owner condufiisctional testing of energysing systems before the
building is commissioned. The buildingds effic
small upfront investment, an owner can reap besdfiat typically offer a payback diree years or
less and a rate of return exceeding 20 peodqghtdelson 2008, p32). Finally, many states, as well as
the federal governmeniffer tax benefits for green buildings.

Productivity benefits are primiéyr found through the service industry (Yudelson 2008).

Healthier indoospaces, created by ingqwed air quality, increased daylightirapd temperature control,
have been found to be worth one to fparcent of employee costs.

Certifying a project caalso provide the owner with riskanagement benefits. The certification
serves as verification of measures to improve the indoor air quality (Yudelson 2008). This becomes
increasingly important as the issue of mold and its effects on building occupargstiention. Aside
from serving as a level of protection against litigation, green buildings can also reduceradkdigg
delays due tpreferred status in permitting in many citiaad theresultingease of renting, sellingnd
insuringthe faclity .

Green buildings have also been found to provide health benefits. Improving the indoor air
guality of a building through measures such as increased ventilation aaikioiy finishes has been
shown to reduce o0ccup arentgEddelsory20@8). Redscindgpsympdan t o 4 6
directl y b e mealthinsuraccenapsani es 6

Important benefits relating to public relations and marketing can alatidieed through
building green Owning or occupying a green building shows conéerthe wellbeing of tenantand
employeesand concern for the environmdiudelson 2008) In addition,occupying or owningreen
buildings carreinforce or improvéhecompany er or gani zati onés brand i meé



The finalgeneral benefitdiscussed ithis report ar@éecruitment and retentiaof employees A
green work environment can have an impact on recruiting and retaining employees (Yudelson 2008).
The averageurnover ratesn the USareestimatedo be between 10 arD percentandat acostof
$50,000to $150,000 to lose an employee. Whalaployees leave fanany reasons, orentributoris a
poor physical environmenimproving the environment throudfuilding greercan reduce the rate of
turnover and save the organization money.

While many studies have discussed and computed the benefits of green bunldjegsral a
small number of studies have been completed on the benefits of building gi€escKools. One study
shows that students progress 20 percent faster on math testspardetfaster on reading tests in
buildings with improved indoor air quality and more natural light (RSMeans 2@0§), on average,
green schools use 33 perckds energy than conventionally designed and built schools (Kats 2006).
Two of the questios thisprojectattemptdo answer aréow these general and educatgpecific
benefits apply to a college campus and how they can be quantified.

2.4 Construction Trends on College Campuses

The amount of construction on college and university campube®ising. According to the
2007 College Construction Report publisheddmfiege Planning and Management Magazia®60
percent increase in college and university construction speadawgredrom 1997 to 2006, shown in
Figure 3 (Abramson 2007). In @6, new buildings accounted for 6§ércentf the total cost of
construction on campes, additions accounted for 14 percant retrofits accountedifd 7.4 percent

College Construction Trends
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Figure 3: College Construction Completed fom 19952006 @dapted from Abramson 2007)



2.5 Green Building on College Campuses

With the large amount of construction, college campuses have become an important target for
green buildingnitiatives. Green buildings on college campuses can not only provide envirtairaed
economic benefits, they can serve as a handsarning experience for students. For these reasons and
more, college campuses are incorporating green building into their policies and onto their campus.

With only a épercentincrease in construcin on college campuses from 2004 to 2005
(Abramson 2007)a 34percentincreasavas seefn LEED-registered projects in the higher education
sector (Yudelson 2006As of 2005, higher education facilities were the third most common LEEED
registered jecttype, accounting for 7.1 percenitall LEED-registered projects (Yudelson 2006).

With this growth, green building and general sustainability measuregigidy gaining attention on
college campuses.

A report published in October 2007 by the Sustden&lmdowments Institute, a nonprofit
organi zation founded to filadvance sustainability
studied the sustainability of the top 200 schools, based on endowment size (Sustainable Endowments
Institute 2007). The Itisute compiled the following results:

1 59 percentof schools have greduilding policies that specify minimum germance levels,
such as LEEEsilver
1 61 percenbf the schools reported having or currembystructing at least one LEEE2rtified

building
These results are positit@ the green building movemesince they both represent more than half of
the schools surveyed, but they do leave much room for improvement.

2.6 Green Building at WPI

WPI has experienced recent growth with the completidwofmajor construction projects and
the keginning of another within twgears(WPI 2006) One of the completed projects, Bartlett
Center, is LEEBcertified and a new residence hall under construckast Halljs seeking LEED
silver certification USGBC 2008yl According to the WPI Master Plan, many new projectplanned
including a new athletics and recreation center and construafticew housing aBalisbury Estates
(WPI 2003).With this planned growth, WPI has the opportunity to continukelimgi green.

Judith Nitschdr5, PE, LEED AP Chair of the Physical Facilities Committee on the WPI Board
of Trustees, confirmed that the WPI Board of Trustees recently passed a resolution to be sustainable in
all future construction and to aim for theyhest feasible level of LEED certification wherever possible
(Nitsch 2003) . This change wil/ hopefully help WPI &s

1C



WP | r e c e-0 v e 2008 GalleDeSustainability Report CargBustainable Endowments

Institute 2007). MeReport Cardyrades the sustainability of the top 200 schools, based on endowment
size, in the following categories: Administration, Climate Change & Energy, Food & Recycling, Green
Building, Transportation, Endowment Transparency, Investment PriarigShareholder

Engagement. Each category receives an individual grade that is then averaged for the final grade. The

averages h o o | gr ade wassh cawsi Cat . bor e aTkadbd ven 50 f

includes a copy of the scorecard.

Table 5: WPI's Sustainability Scorecard (Sustainable Endowments Institute 2007)

Category

Grade

Administration

Climate Change & Energy

Food & Recycling

Green Building

Transportation

Endowment Transparency

Investment Priorities

mMOMmM|O|O|m|™m

Shareholder Engagement

Tableés hows t he scores

of s ome
Worcester (Epstein 2007). Of this group, WPI has tiedh®e lowest score with Rochester Institute of
Technology and, most important for thiesis has the lowest Green Building Score.

of WPI 6s

Table 6: Competitor Scorecards (Sustainable Endowments Institute 2007)

School Overall Score Green Building Score
California Institute of Technology C A
Carnegie Mellon University B- A
Clark University B C
College of the Holy Cross C B
Drexel University C- C
Massachusetts Institute of Technology B+ A
Northeastern University B A
Rensselaer Polytechnic Institute C- C
Rochester Institute of Technology D- B
University of Connecticut C A
University of Massachusetts C+ B
Worcester Polytechnic Institute D- D

WPl 6 s sc

competitor

In order to make improveenn t st greenMRildidgscora green building policy must be
in place, LEED certification must be sought for new buildings, green building standards must be
incorporated into new building projects, renovations to existing buildmgg be in accoahce with
green standardandretrofits must be completed to conserve resources (Sustainable Endowments
could raise

Institute 2007).To encourage h ange s

t hat

Wevaliates Gr e «

the potential costs and benefits of new greeitdings and develops a strategic plan for green building
programsat WPI. To quantitatively analyze thests and benefits, a general understanding of

engineering economics must be developed.
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2.7 Engineering Economics

Engineering economics the sarch for, recognitiomf, comparisorof, and evaluation of
alternatives (Kasner 1979). Engineering economics is important because economic criteria must be
evaluated when profit is the final objectivéAlthoughWPI is classified as a ngurofit organizéon and
educating students Its ultimate objective, the Institute can find financial benefits through engineering
economics. The economic analysis used in this project evaithateosts and benefits lbéilding green
usingstandard economic analygesdetermine theostbenefitratio.

A costbenefitanalysis determines the relationship between the benefits of a project and the cost
(Kasner 1979). Inhis analysis,Hle net benefits are then divided by the costs. Any rgsediter thari.O
demonstreesthat the lenefits outveigh the costs. Aostbenefitanalysis can also incorporate the time
value of money to find the present or future worth. Some of the benefits evaluated in thisapeoject
reduced energy costs, water saviraggjincreased produivity.

Financial measureg@important to make a decisibatcannot be the only factor involved.

Other factors such as the impact on the customer or stakeholder must be con€lderedy to insure
thatall perspectives related to the operatiomibrganization are considered is to implemeBSL.

2.8 Balanced Scorecar(BSC)

TheBalancedScorecards a measurement system developed to provide managers with a fast,
comprehensive view of business (Kaplan & Norton 1992). Traditional measurgystars, based
heavily on financial performance, have becomeaitd at e i n todayds business
author ofBalancedScorecardstepby-Step: Maximizing Performance and Maintaining Resuékates
relying solely on financial performanoeeasures to driving by the rearview mirror (2006).

TheBalanced Scorecard, introduced by Robert Kaplan and David NékBhclass of 1964n
a 1992 issue of thidarvard Business Reviewcludes financial measures, but complements them with

operationameasures.
Think of the balanced scorecard as the dials and indicators in an airplane cockpit. For the complex task of
navigating and flying an airplane, pilots need detailed information about many aspects of the flight. They need
information on fuelair speed, altitude, bearing, destination and other indicators that summarize the current and
predicted environment. Reliance on one instrument can be fatal. Similarly, the complexity of managing an
organization today requires that managers be ablet pérformance in several areas simultaneously. (Kaplan &
Norton 1992)

The Balanced Scorecard serves three main purposes: a measurement system, a communication tool, anc

a strategic management system (Niven 2006). The Scorecard has received so miach dtvess

included in theHarvard Business Reviédas | i st of the 75 most influen
The measures used in the original Balanced Scorecard are broken into four perspectives:

customer, internal business, innovation and iegtrand financial (Kaplan & Norton 1992). The
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customer perspective usually involves customer satisfaction, customer acquisition, and customer loyalty
(Niven 2006). Included in the internal process perspective anegsses the organization must excel at
to keep adding value to customers. The employee skills, information systems, and environment needed
to close the gap between the objectives of the customer perspective and internal processes perspective
are part of the innovation and learning perspectiMee financial perspective consists of financial
measures to determine if strategy execution is producing improved Hat®nasults.

Working together, the four perspectiv@gate a balance between shartd longterm
objectives, financial and neimancial measures, leading and lagging indicators, and internal and
external performance (NetMBA 2007). The perspectives create-aadsdfect relationships that show
the tradeoffs that have been made between measures and demonstrate the goals gb taencgnd s
strategic plan (Kaplan & Norton 1993).

Strategy is broadly discussed and debated in the business world, but four barriers keep it from
being executed: vision, people, management, and resqidiven 2006). The vision barrier occurs
when employees annot see, or are unaware of, the compa
employee motivation. Companies should provide incentives for manageisgvtakards longerm
goals rather thaanly shortterm goals. When companies do not link btetdgo strategy, resources
become a barrier. Finally, the management barrier is created if managemenitspgienelsn monthly
meetings analyzing fi nances ;creaimgadrdésiroyingimechamismsn o t
in the fir®p 12)Ni ven 200

2.8.1 Balanced Scorecard Applications

Kaplan and Norton have found tB&Cto be most successful when used to drive change (1993).
BSCseffectivdy keepc o mpani es | ooking and moving forward 7
t omor r o w(&aplang&dNarbrs1992; Kaplan & Norton 1996 BSCs also translatgrategic
objectives into coherent performance measures (Kaplan & Norton B933.addresghe issues of
increased intangible assets, the difficulty of implementing strategy, and effectigaluring
performance (Niven 2006).

As the concept of thBSChas developed, the operational measures (customer perspective,
internal business perspective, and innovation and learning perspeciivé)e scorecard itsdlave
been adapted to more appriapely fit businesses and situation@ne adaptation that is becoming
increasingly popular is in the area of sustainability and environmental management. As companies are
implementing environmental management and sustainability systems, a methodetty pnbggrate
them is necessary.

Sustainability Balanced Scorecards (SB&EIp highlight important strategic environmental
objectives and intangible assets that are vital to stay competitive (Bieker). According to Thomas Bieker
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of the Institute for Eanomy and the Environment at theildrsity of St. Gallenfit he use of a
a planning instrument could enhance transparency of potentials for (economic, environmental or social)
valueadded emerging from social and/or ecological aspects and prepangalementation process of

the strategy (p. 3). Bieker outlines the strategies usadst frequently in a SBSCeducing and

managing risk, enhancing and fostering reputation and credibility, enhancing efficiency and
productivity, differentiating in thenarket, and developing markets and society.

Il n an article published i n tFéciktiesWamngér Maureen 200 6
Roskoski identifies using a balanced scorecard to effectively measure sustainable facility management
policies. Rok o ski says that #dAit is a | ot easier to cr.
existing systems and recreate them into eneffigient, ecefriendly workplacesé (p. 34). She suggests
using tools such as the LEHEB rating system, lifeycling cost assessmenénd total cost of
ownership approaches to advocate sustainable facility managenuersing a SBSC to monitor the
effectiveness of the sustainability policy.

While SBSCs are very relevant to this project, BSCs implementedPatk&' as well.The WPI
Information TechnologWivision (IT), including the Academic Technology Center, the Computing and
Communications Center, and Gordon Librarses thdSCapproach in their strategic planning.
Implementedn 2004byWP 1 6 s C IPOf InformatiorvVTechnologyfhomas LyncHll, PhD,the
balanced scorecard is stilbed today and has helpddimplement many positive changés/nn 2008.

According to senior project manager Vicki lydT has made improvements in the learning and dnowt
perspective based on the initiatives implementglde also said the BSC has made decision making
easier.TheBSChas becomeuch an importantpart6f T6s dai |l y wor kings that
provided one of Nivenos erldeBS5SK sainiagisdssionew st aff men

2.8.2 Process to Develop a Balanced Scorecard

Not only is it important to recognize the many uses of BSCs, but also how they are developed
and implementedThe first step to developinggSCis to define the core purposemissionof the
organizationNiven 2006). A mission serves as a beacon or a compass to guide an organization, but
differs from a goal or strategy by never being completely fulfilled. An effective mission statement
should inspire change, be easily untterg, and be longerm in nature.According to Paul Niven,
mission statements should be designed to last for 100 years or more (2006).

After developing a mission statement, values must be identified. Values are the beliefs or
principles of an organizain that are exemplified through the everyday behavior of employees (Niven
2006). Similar to the mission statement, values should not regularly change, but rather act as guiding
principles while the organization asdcietychanges. There may com@@ntwh en an or gani z
values become a hindree or prove unethical. At thame, redefining the valuesappropriate.
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From the mission statement and values, the organization must develop a vision statement. The
vision statement defines what thieganization wants to become. It typically includes the desired scope
of business activities, strong held values, areas of leadership, and how they will be viewed by
stakeholdersThe vision statememhust followthe mission statement and values becéiuse v i si on
without a mission is simply wishful thinking, not linked to anything endar{iNiven 2006, p. 83).

Effective vision statements are concise, inspirational, feasible, verifiable, inline with the mission and
values and appeab stakeholders.

The next step before developin@&Cis to develop a strategy. Strategy is a difficult word to
define because it means different things to different organizations. For most organizations, strategy is
selecting different activities or methods from th@mpetitors to find a unique place in the market.

After defining the or ga andgtratéegyaStraizg Mapnustbe on, Vv
developed.A Strategy Map s fi-pageqyraghical representation of what you must do well in each of
the fou perspectives in order to execute your strategy successfullly Ni v e n ZE6sénally, p. 18
the Strategy Maplisplays strategic objectives in each of the perspectives and graphically represents how
they are linked to each other.

To begin a Strategyap, the organization must first decide if the four perspectives are
appropriate (Niven 2006). The foarginal perspectives developed by Kaplan and Norton, financial,
customer, internal process, and learning and growth, should be considered a tedtpkte.
perspectives can be added or substituted, such as innovation or environment. Niven recommends that
organi zations fAchoose the perspectives that all
and describe how you will ultimately sergach and thereby successfully implemeny our str at e
(2006, p. 103).To determinethe applicability and usefulness of the chosen perspectives, test how easily
they can intertwine to tell a coherent story.

The next step to developStrategy Maps togather and review background information (Niven
2006). Information can be retrieved from annual reports, the mission statdmeent, gani zat i ono
valuesijts vision statementts strategic plan, project plans, consulting studies, competitor data,
benchnarking reportsand performance results. This information will help develop a broad
understanding of the organizationds compghdi ti ve
the overall nature dhebusiness. After gathering and reviewintprmation condicting interviews to
confirm the findings may also be necesq&tiven 2006).

With the perspectives selected and information gathered, strategic objectives must be developed
for each perspective. Strategic objectives are succincir&ats, typically starting with a verb, that
describe what must be done to implement the organizations strategy (Niven 2006). Examples of strategic
objectives are AReduce carbon dioxi de éjaivessi ons
shouldbe limited to three to foupr each perspective. This will help focus Bieategy Magn vital
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objectives. The objectives are then displayed with the corresponding perspective in a way that shows
how the perspectives intertwin€igure 4is the WPIITO Strategy Map The four perspectives are

listed down the left and the strategic objectiaes shown irtircles. Arrows show the relationship

between the strategic objectives.
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Figure 4: WPI IT's Strategy Map (Lynn 2008)

Once aStrategy Maghas been developed andas¢gic objectives definedne must define
measures to determineabjectives are being achieve®erformance measures are important not only to
determine if théBalanced Scorecard is effectiat also to show employees how their actions can help
improve the organization and help reach gg¢hlisen 2006) Two types of measureseused in the
Bal anced Scorecard: | eading and | agging. ALag
previously taken, while lead indicators are the measures thablédd drivei the results achieved in
thelagging ndi cat or s o ( Nonexxample?2sal@sba lagging ihdicdtgr, may be caused by
time spent with customers, a leading indicator. A Balanced Scorecard must incorporate both types of
measures,dr one isneffectivewithout the other. Good measures shouldbantitative Jinked to
strategy relevantand easy to understand. There should b25leasures on the Balanced Scorecard.

The final steps to developing a Balanced Scorecard aregsettgets and prioritizing initiatives.
A target is a figuantitative represent atoiNven of t
2006, p. 181).Targets can be loagerm, midrange, or shetérm. Shorterm goals, typically taking a
yearor less to accomplish, provide timely feedback and can serve as an early warning system. Long
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term targets, typically taking 10 to 30 years to accomplish, require tremendous effort from the entire
organization. Midrange targets fall in the middle fargirange and effort required to complete.

The information compiled in this cpter provides a foundation for tikest and benefit analysis
of new green buildings at WPI and the development of a BSC for green buatdingreen building

programsat WPI. The methods and means to comptétethesisare discussed in the following
chapter.
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3.0METHODOLOGY

Focusing on evaluatingpe costs and benefits lofiilding greenand developing atrategic plan
for implementing green desideatures at WPI, thithesiswas brolen down into four distinctelated
objectives:
1 Evaluation of he costs and benefits of green buildiagnew buildings at WPI
1 Assessment of the costs and benefits of ¢
program
1 Development of 8aanced Scorecar evaluate the impact and status of green building
at WPI
1 Investigation of the feasibility and uses of the LEEB rating system
The proces$o achieve each objective outlined inthe following sections.

3.1 Evaluation of the Costaind Benefits of Green Building foNew Buildings at WPI

The first objective of this study wao determine the costs and benefits of green engineering on
WP I 6 s gdnalmdmgidsrect and indirect benefit®eterminingand evaluatinghe benefits of gien
engineering on this campus amgportant in order to justify the potential added expense and the change
to previous practices.

This portion of the project focused only on the main facilities on campus bounded by Salisbury
Street, Park Avenue, InstituRoad, and Boynton Street. These buildings were selected because of their
similarity to the facilities from which national statistics are derived and the availability of usage rates for
a complete calendar year. The national and local statistics oranddtenefits of green engineering
used in this study are primarily from¥2 schools and office buildings rather than houses as many of
the WPI owned properties outside the given boundaries are. Within these boundaries, it should be
mentioned thathe Higgins House and Garage are not used in the calculations for oil and natural gas
becausehey do notreceive heat from the power plant (Grudzinski 2008). For a complete list of
buildings included and a map of their locations, please refer to Appendi€eBand E.

The financial costs and beneftsgreen buildingvere determinethrougharchival research on
the costs and benefits bfiildinggreen r esear ch i nto WPI6s facilityo
using engineering economicsleEiricity, natural gasand oilusage wereollected from files kept by
the Facilities department to determine the average utility cost per square foot. The usage was then
multiplied by the average rate for each energy type per month of the year in Massachusetts. For
example, in January 2@0the main buildingat WPIconsumed 1,356,600 kilowatt howfelectricity,
and the averaggommerciakateof electricity in Massachusettsrfthe same month and year was 15.79

18



cents per kilowatt houlEnergy Information Admintsation 2008a) Therefore, the estimatedstfor
January 200Was $215,628.24

Local averages were used because many of the bills had additional late fees or outstanding
amounts. To reduce the risk of error, only usage rates were lnseabst casethis will result in higher
costs due to arrangements WPI has with utility companies. While this would then increase or inflate the
savings, it is believed that using the lowest percentages for savings when calculating benefits will
compensate for the inease.

The financial costs and benefits that were evaluated were the premium to buildlgreaprgy
savingsthewater savingstheincreaseduture earningsthe increasedrpductivity, andthe
employment impacts. The economic analygsperformedd r om t he owner 6sdvi ewp
standard equations for analysis including benefit/cost ratio and net present value. Thesealwzsne
from research on gredmuilding, as well as information specific to WPI. For example, to quantify
energy savigs, the average percent savings found through green buildings was used along with the
energy usage of the main buildings at WPI. Whenever information on WPI was available, those values
were used to make sure the analysis relatetbaslyas possible t9VPI.

The values selected maximize the cost and minimize the benefit to produtsavative result.
The results wee broken down into direct benefits such as energy savings, and indirect benefits, such as
jobs created by recycling.

3.2 Assessment f the costs and benefits of certi
LEED program

As mentioned in the background chapter, one part of the cost of going gteeractual costf
certifying a project withLEED, or the LEED premiumDiscussiorandconcernover theassociatedees
and costsvith registering and certifying a project with LEHas surfacat WPl Some project owners
feel thatLEED certification provides little benefit, while others believe that LEED certification is
essential to the projecio address the controversial issudla cost of LEED certificatiorthis portion
of thethesisdetermined the premium to certify a project with LEED.

To achieve the objective of assessing the costs and benefits of certifying a facility with the
U S G BSQ.BED program,His portion of thehesislookedinto the costs of USGBC membership,

LEED project registratiorLEED project certificationand other costs related to certificatisach as
modeling costs and time spent documenting informatlbalso onsideredhe benefits of LEED
certification including marketability and increased building vatudetermine the necessity of
certifying a project

Cost information was found through researcbintt he USGBCO6s LEED progr
studies. Benefit idrmation was found througdimilar research. Using the cost information found, the
LEED premium per square foot wdstermined A discussion of the benefits and necessity of LEED
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certification followed. After determining the financial feasibility of Bding greenat WPI,the
development of a strategic plan for future construction and renovations was necessary

3.3Developnent of a Balanced Scorecard to Evaluate the Impact and Status of Green
Building at WPI

The process to develop a Balanced Scocefmargreen buildingit WPI included collecting
background information, developing a mission statement, valiggsn, and strategic objectiveand
defining initiatives, measures, and targets for each objective. Background information was collected to
determine WPIOGs status on green building,anchd gr
vision were developed as the foundation of the Balanced Scorecard and strategic objectives, initiatives,
measuresand targets were defined as the wogkaspects of the Scorecard.

33 1 WPI 0 sStaius andPalities onGreen Building

Determining WPIO&s status on green building w
communication withAlf redo DiMauro, Assistant VP for FacilitiesChrisopherSalter,Director of
Prgect Management and EngineeridgdithNitsch, Chair of the Physical Facilities Committethe
Board of Trusteesgnd Janet RichardspWP for Student Affairs and Campus Lif®Research focused on
LEED-certified and-registeed buildings on campus as well as water and energy saving upgrades on
campus. This research was important to determine the starting point of the Balanced Scorecard so
reasonable goals for the future could be set.

Determi ni ng Wreeralesgn poocampasi beilding®was important in assessing
WPI 6s goal s an dnepveanmoental gustainallliyn e Wl it s p oMduildingi e s o n
show the strength of and r eas ecmsonnertdllysustdinableh e Un i
precticesDet er mi ni ng WPI 06s motivation to incorporate
was I mportant. Predicted motivations were to s
environment, impress potential students, use this practee @ducational tool, promote research and
innovation,increase marketing opportunities,any combination thereof. Determining the benefits
WPI is seeking through green engineering helped direct recommendations at the completion of this
project.

Detemi ni ng Wiedodgseengesigniwaschieved through interviews and
communication with WPI officials and related personnel such as Fred DiMsasistant VP for
Facilities and Judith Nitsch of the Board of Trustees. Communication with these pers@sdeemed
important as shown by a 2005 survey completed by Turner Construction. This survey of building
owners, developers, consultants, engineers, architects, corporatecmeunpants, and educational
institutions on green building found that onlegk and university campuses, the administration and
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board oftrustees were perceived to have the most important influence on deciding to build green (Turner
Construction 2005).

After determining WPI 6s tohavercanpdratepntodmation; es, it
having information on WPI 0 sulifsteas beecompardd witbther y p ol i
colleges and universities. This infortiwe was obtained from research istastainability policiesf
WPl 6s compet it csitiesin\WancdstepMA er uni ver

The first stepof this researclwas to identify a group of colleges and universities to which WPI
was comparableThis group was selected with help from Adam Epstein oiMRéAdmissionsOffice
(2007) Included in the group, @venine college and universities that WPI is competitive with in
admissions and thremiversitiesn Worcester.

The research into these sch@slgstainability policies was completbdsedn information
published ortheir official webpage. The compeative study included a searchtbfee key phrases:
Asustainability, 0o Agreen building, 0 and ALEED. 0
the schools were then assessed on the categories listed and explained below.

1 Date of Search: This @htifies the day that the information was retrieved from the internet.
1 Website: This identifies the scha@lofficial main website, where all searches began.
1 Sustainability Website: If the school has a website discussivigonmentasustainability or

environmentally conscious practices, this 1is
1 Comprehensive: This itenefersto the sustainability website. If the website has a link to
additional pages of information regarding th
conprehensive.
1T Director of Sustainabi | iastgDireclorfof Sustapabidity and fHy e s
official holding a similar title. If this official is in charge of other duties or there is no Director
of Sustainabil it smplegofismila titleswere EnvirsnméntalcCooddindiox
and Sustainability Coordinator.
T Green Building Policy: I f the coll ege or uni
existing buildings in regards 0t o sustainabil

1 LEED Certified Buildings: This dagory lists the number of LEEEertified buildings,
according to the research on the official website of the school.

1 LEED Registered Buildings: This teayory lists the number of LEERegistered buildings,
according tahe research on the official website of the school. This also included mention of
buildings aiming for LEED certification or in the application process for LEED certificason
these projects should be registered

TheUSGBCwebsite was also reviesd to \erify the number of LEERertified and registered projects.
Project owners must give permission for project information to be available online, so a school may
have more LEEPregistered orcertified projects than the USGBC website portrays.
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The final sep in determimg WPl 6s st atus on greengreerui | di ng
buildingtechnologieaVPI has integrated intexistingfacilities, what system WPI uses to track the
initiatives, and how new projects are select@tlis was completed with ante@rview with Chrisopher
Salter, Direadr Project Management and Engineering.

3.32 Developing a Mission Statement, Values and Vision

Af t er det e rcurenhstatugandiBliciés ®n greemding, the next step was to
develop the foundation ofi¢ balanced scorecard. This was done through the development of a mission
statement, valugand vision. These three foundations of the Balanced Scorecard are developed in a
top-down approach, as shown in the figure below.

Values: Guiding
principles

Vision: Word picture of
the future

Strategy: Differentiating activities

Figure 5: Balanced Scorecard DevelopmentAdapted From Niven 2006)

The mission statemeitthe corepurpose of the organizatiorwasdeveloped by reviewing the
mission statements of WPI, the WPI Facilities Department, and the US&BEndix §. These
staements were selected to be models for format and content based on thairceke this project.
Valuesi principlesof an organization eemplified by dayto day behaviof weredeveloped based on
the benefits of green building and the stated valu&gRifand the USGBCAppendix G) Finally, the
visioni what theorganization wants to becomeva s devel oped with compari s
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statemen{Appendix H) After preliminary statements weedeveloped, feedback from the Thesis
Committee of this athor was sought and used to develop them further.

3.33 Developing Strategic Objectives, Initiatives, Measures and Targets

After defining a mission statement, valuasd vision of &GBBSC strategic objectivesmerged.
Following the development of @ttives, initiatives to reach them, measures to quantify them, and
targetsby which they must be achievegtreset. Preliminary strategic objectives were brainstormed
and presented tihe Thesis Gmmittee for suggestions he drategic objectives weresdelopedurther
and initiatives, measurgeand targets were fired for each stratag objective. Once again, the Thesis

Committee was consulted. The suggestions and opinions of the thesis committee were weighted heavily

in the development of th@BBSCas t was important for the objectives to be in line with the ideals and
capabilities of the University.

Once all componéa of theGBBSCweredeveloped, each strategic objective was defined
Brevity in articulatingstrategic objectives, typically aroufide words, leaves room for
misinterpretation. Defimg strategic objectives insurésat all members of the organization understand
their purpose.The final step to the development of the Balanced Scorecard was to develop a plan for
implementation.

3.4Investigation of the feasibility and uses of the LEEBB rating system

The final objective of this project was to investigate the feasibility and uses of the EBED
rating system for WPI. LEEIEB is the rating system for existing building operatma maintenance.
Determining the feasibility of usintpis rating system in future campus renovations was important
because of the large number of facilities over 50 years old and the significanceHHEEdtified
buildings play in the Sustainable Endoents InstitutéAssessment artthie AASHE STARSrogram,
whichWPI is currently piloting.

To determine the feasibility of LEEBEB certification for WPI facilities, thithesisinvestigated
t he age of WP 06 <£B fatmg dydtemtekaenglegects hne impldirierdation strategies
and issues. Because older facilities are typically less energy and water effieienmining the age of

WPl 6s facilities and t hwasithportant toodetermimeche meed fangrgem r
renovdions. Examininghe LEEDEB rating system and example projests also importartb
determine the feasibility of wusing the rating

review strategies to committing to the LEHB rating system anitheissues that other facility
managers have found.
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This objective was completed with communication with Aled@Mauro and research into
LEED-EB case studies. Information similar to the costs and benefits found throughNERRS
soughtbut could nobe found. Compared to LEERNC, LEED-EB is newer and less populavhich
resuledin a lack of extensive published research.

Through archival research, geliature review, interviewsn economic analysiand the
development of a strategic plahis thesisdetermine the costs and benefits biiilding greenat WPI
and developed a GBBSC to measure and promote green builcheg.esults of the objectives,
following the methods outlines, are presented in the next chapter.
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4.0 RESULTS

By setting cleaobjectives and identifying the necessary steps to achieve them, this project was

able to analyze the costs and benefits of new green buildings at WP$,thesassts and benefits of
LEED certification, develop a GBBS@nd assashe use of the LEED Esting Buildings guidelines
for renovations to existing buildings. This chapter describes the results achieved in each of the
objectives.

4.1 Costs and Benefits of Green Building in New Buildings at WPI

Thecost andbenefits ofbuilding greenat WPI were evaluated based on local and national
averages, as well as information and data speoiif¢Pl. For each cost and benefit, all information
found through research was considered to determine the most appropriate Vakmanplete list of
green buding statistics anéhformation collected from national and ldsaurces is shown in Appendix
I. An interest rate of 5 percent, inflation rate of 2 percamdl term of 20 years weunsed for all
calculations.The following sections outline the selectiof appropriate datand the calculation of the
costs and benefits of new green building

4.1.1 Costs of Green Building

The cost increase of green buildings, or green premium, was calculated with consideration
current building priceper squaredot and statistics on the green premiuhie first step in determining

the cost of green building was to determine the cost of conventional buildings. Table 7 shows the cost

per square foot of many of the facilities one would find on a college canijnescosts displayed show
the cost of construction as well as design and construction fees.
Table 7: Cost per Square Foot of Unversity Facilities (RSMeans 200y

Building Type Cost/SF

149.65
156.65
164.95
161.10
160.75
142,75
254.65
135.60

Auditorium

College Classroom (2-3 Story)
College Dormitory (2-3 Story)
College Dormitory (4-8 Story)
College Laboratory

College Student Union
Computer Data Center
Gymnasium

R R R R R R ]

To determine the green premium, studies on the costs and bengfieofouildings were
referenced.Oneof the mosprominentresearchers otine costs and benefits of green buildirgs
GregoryKats. A study he performed offfices and school buildingsonstructed between 1994 and
2004for the California Sustainable Bding Task Force (CAjound that the greecostpremium ranged
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from 0.66 to 6.50 percenf the total cost of the facilitfKats 2003a).The average green premiwh
the facilities inKatsd €A studywas 1.84 percent. A more rec&@tsstudy, completedvith data on K
12 schools constructed from 2001 to 20@6ind that the average green premium was 1.64 pefi€ats
2006) Another consideration in the costs anddfén of building greerat WPI wa the estimated
premium of the new residence h&gstHall. In a presentation to the trustees in early 2007, the green
premium of East Hall was estimated to be 2.6 percentnd@abesign, the architetdr East Hall, ncéd
that a significant contributdo the green premium was the live green roof. Hadfereint roof been
substtuted, the green premium would havedapproximately 1.1 percent.

Othergreen premiuntost data founevas in the form of cost per square foénother study
Kats performed for the Massachusetts Technology Collaborate (M2)08found the average green
premium to be $3 to $5 per square foot, while the &#tsl2 study found it to be $3 per square foot
(2003b, 2006) Usingthe cost per square foot information found ugR8Meansthe green praium
per square foot was usaalfind theequivalentgreen premium peentage. This is shown in Table 8

Table 8: Comparision of Green Premium CostSF and Percentages (RSMeans 2007

- Cost of Goi .. .

Building Type Cost/SF GrZinO(Pe:gll% Total Cost of Facility Green Premium (%)
Auditorium $ 14965 $3 - 85 $ 15265 - 8 15465 2.0% - 3.2%
College Classroom (2-3 Story) $ 15665 $3 - $5  $ 15965 - § 16165 1.9% - 3.1%
College Dormitory (2-3 Story) $ 16495 $3 - $5  $ 16795 - | $ 16995 1.8% - = 29%
College Dormitory (4-8 Story) $ 16110 $3 - $5  $ 16410 -1 $ 16610 1.8% - = 3.0%
College Laboratory $ 16075 83 - $5 $ 16375 - $ 16575 18% - 3.0%
College Student Union $ 142750 %3 - 85 $ 14575 - % 147750 21% - 3.4%
Computer Data Center $§ 254657 83 - B85  $ 25765 - § 25965 12% - 1.9%
Gymnasium $ 13560 $3 - %5 $ 13860 - % 14060 2.2% - 3.6%

The geen premiunias beemlecreasing over time with increased experianctne part of
owners, designers and contractaisg more products on the market (Yudelson 2008). For this reason,
more recent studies were considered to be more acc@ateidering the percentages in this section,
thecurrentgreen premium was estimdteo be 26 percent This value is higher than many of the more
recent estimatesutusing a higher percentage of cost will result in a more conservative fgsuilfing
this percentage to the cost per square foot, the green premium for various fgodiie$ was
determined
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Table 9: Green Premium by Building Type

. . Green

Building Type Cost/SF Premium/SF
Auditorium $ 14965  § 3.89
College Classroom (2-3 Story) - $ 13665 | § 4.07]
College Dormitory (2-3 Story) $ 16495 % 4.29
College Dormitory (4-8 Story) $ 16110 % 4.19
College Laboratory $ 16075 & 4.18
College Student Union $14275 3 3.71
Computer Data Center $ 25465 § 6.62

4.1.2 Benefits of Green Building

After assessing the costs of greendiais, it wa necessary to evaluate the benefileiny
different types of benefits nde found through buildingreen including economic, environmental, and
health In all research studiedhe benefé have been found to outweigh tests. This thesisfocused
on onlya few to highlight the benefits that WPI could expereenThe beefits that wee quantified
were caegorized as direct, immediate impacts to WPI, or indirect, residual impacts tand/et the
greater community

4.1.2.1 Direct Benefits of Green Building

The direct benefits that were quantified include energy savwrafer and wastewater savings,
and employment impacts of increased productiviBnergy savings were calculated using usage rates
from WPI, local costaveragggsnd gr een buil ding energy skii ngs
study, green K12 sclools use 3percentess energy on avera¢@006) According to Katé MA
report,green buildings are 25 to 30 percent more energy effithiant conventional building2003b).
Accordingto a USGBC publication from 2002, energy savings of 20 to 5Gperan be founth
LEED-certified buildings The value chosen for this cdsenefit analysis was 30 percebased on the
assumed increased accuracy of more recent studies and a desire to be consApgmyivey these
savings to the projected energysts of WPI results in $1.G8nual savings per square faoid $15.3
savingsper square foot over twenty yeaRefer toAppendix Jto find more information regarding these
calculations.

The second direct benefit of green building evaluataswaterand wastewater savings. Water
and wastewater costs were estimated to be 5 percent of thaf enstrgy (Kats 2006)Water and
wastewater savings were assumed to be 32 peasdotindn Katd K-12 study. Thigesulted in
annual savings of $0.05 pequare foot and savings $0.82over twenty yearsThe annual savingsas
comparable o Kat sbés estimate of $0.06 per square foo
analysis are reasonable for acadebuidingsbut would be low for resideri buildings which use
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more water. Neverthelesmnualsavings of $0.05 per square was used in the andiisnore
information on the calculation of water andstewater savingsee Appendix K

The last direct impact calculated in this projeessemploymenimpactof increased
productivity. Ac cor di Astudypeserehtden® et Caknegie Mellon shows that improve
temperature controhtreasesvorkerproductivity by 0.2 to 15 percenwith an average of 3.6 percent
(2006). High perfamance lightinganother contributor to productivitsgsults inincreases of 0.7 to
26.1 percentwith an average of 3.2 percenising the lowest productivity increases, the average
annual salary for Massachusetts, the number of WPI emplaymkshe quare footage of the main
buildings on campus, the anmhgavings were found to be $0.B2r square foot This valueprojects to
be $1.75per square foot ovéwentyyears. Although all WP employees do not work in the buildings
studied in this projectjsing thelowest increases in productivity still produces a conservative v&loe.
a table of showing the analysi§productivity, see Appendix.L

Thefollowing table shows the cebienefit analysis with only total impact of direct benefits.
Considenng only direct benefits, the benefit/cost ratio is over 5 and the payback period igldnder
months

Table 10: Direct Cost-Benefit Analysisof 2-3 Story College Classroom Facility

Annual | 20-year

($/SF) | ($/SF)
Direct Energy Savings $§ 103 8§ 1543
Water & Wastewater Savings £ 005 % 082
Employment Impact - Increased Productivity £ 032 %8 475
Cost of Green (College Classroom) $ .0NSs .07
Net Benefits S (2.67)'$ 1693

4.1.2.2 Indirect Benefits

Many benefits of greebuildings apply to builitig occupants and the communibutwill not
provide direcfinancialbenefit to the building ownefThese benefits include indirect energy savings,
the employment impact of recycling, and future earnings of students.

Indired erergy savings result from decreased energy prices fn@ducednarketdemand
Kat s-B2study citeshreereports concerningeductions in the longerm wellhead price, or the rate
producers charge for natural gas and dilstudy from the LawrercBerkeley National Laboratory
found 0.8 to 2 percent reductions in letegm average wellhead prices from a 1 percent reduction in
natural gas demand (Kats 2006). Another study, from Platts Research & Congultioigthat a 0.75
to 2.5 percent reductimoin prices can be found frothe sameeduction in demandL percent The final
study, from a 2004 Massachusetts state report, found that indirect savings from a reduced market
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demand due to the use of renewabiergy and energy efficient systemmgquvalent to 90 percent of
the direct savings.

Essentially, these studies show that the indirect savings from a reduction in energy usage can be
equal to 75 to 250 percent of the direct saviikggs 2006) To be conservative, this project assumes
that theindirect energy savings are equivalent to 75 percent of the direct savings. This assumption
results in annual savings of $0.77 per sq@oeand savings of .57 per square foadver 20 years.

Refer to Appendix M for the calculation of these values.

The second indirect benefit that this study examines is that of increased future earnings.
Studentsingreen{ 2 schools perform 3 to 5 percent bett e
K-12 report, an International Monetary Fund study founddahanhcrease in test scores from 50 percent
to 84 percent can be linked to a-fp2rcent increase in annual earnings. Based on this finding, an annual
earnings increase of 1.06 to 1.76 percent can be attributed to &@ercent increase in test scores.

While these values are based ofiKschoolsthese values shild translate to a college or
university setting. The average annual salary of the WPI grachff2096 was $52,615 (AppendiX) N
WPI graduates could experience a $558 to $926 increasmiral earnings if educated in green
buildings. Considering only the bachelors degrees awarded in 2006 and assuming earnings rise at the
rate of inflation,indirectsavingswere found to be $4.9%r squardoot over twenty yearAppendix
O). This valuds very conservative since it encomges only undergraduate studesmsl includes the
square footage of all of the main facilities on campus, including three residence halls. Determining a
way to calculate the square footage used per student is recdeuirfen further research.

An increase in annual earnings hatiract impact on WPI graduatbst could have an indirect
i mpact on annual giving to WPI and WPIO&6s attrac
WPI graduates is printed in adssions material and provides potential students insight into what is to
come for them (Epstein 2008). Also, alumni comprise approximately 74 to 77 percent of all donations,
depending on the year (Kurland 2008). A link could be found between the amoumey alumni
make and the amount of money they donate to WPI. Further research would be necessary to confirm
this.

Thelastindirect impact studied in this project was the employment impact of increased
recycling. Accordinga UC Berkeley study, for evy 1000 tons of wastdisposed, 2.5 jobs are created,
whereas recycling the same amount creates 4.7 jobs (Kats 2006). Currently, WPI recycles 17 percent of
its waste, buthe Universityrecently launched a new plastics, glass and alumiegyctling progam
(Pellerin 2008) Assuming a graduaicrease to 50 perceof waste divertedh 10 yearsdetermined
feasibleby an analysis of other colleges and universiapproximately one half of a job doube
created in Year @n aloneUsing the average sajain Massachusettshis amounts to $0.2@er square
foot over twenty yearsSince this calculation is based on a gradual increase in percentage, the annual
savings were not included on the summary tablesreview the study of the percentage of waste
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recycled at other colleges andiversities, refer to Appendix.PTo find out more about how this benefit
wasquantified, refer to Appendix Q

Thefollowing table shows the cesienefit analysis considering only indirect benefits.
Considering only indiret benefits, the benefit/cost ratioaser 4 and the payback period is
approximately 4 years

Table 11: Indirect Cost-Benefit Analysisof 2-3 Story College Classroom Facility

Annual = 20-year
($/SF) ($/SF)

Indirect Energy Savings 077 $ 11.57
Future Earnings 033 $ 499
Employment Impact - Recycling - 5 02

Cost of Green (College Classroom)
Net Benefits

(4.07) $ (4.07)
(297 $ 12.75

“leior 2

Finally, the complete results of the quéiatl coss and benefits of new green buildiregsWVPI are
shown below. Ashown the benefits outweigh the cosesulting inanet benefit of $33.76 per square
foot. Thebenefit/cost ratio isver 9and the payback period is under 20 months

Table 122 Complete CostBenefit Analysis

Anmual | 20-year
($/5F) ($/SF)

Direct Energy Savings $ 103 % 1543
Indirect Energy Savings $ 077 % 1157
Water & Wastewater Savings § 005:8% 082
Future Earnings $ 033 ' § 499
Employment Impact - Increased Productivity $ 032 .8 475
Employment Impact - Recycling 5 - 15 026
Cost of Green (College Classroom) $ 4.07):'$ (4.07)

Net Benefits $ (1.56) $ 33.76

This analysis was duplicated for various types of facilities found on college campbss® results can
be found in Appendix SAppendix Rcontains the calculations for the payback period.

4.1.2.3 Beefits Not Quantified

This study did not quantify mnydirect and indirecbenefits Some worthy of highlighting
include health, employee retention, tax credits, emissions redyamhsdirect benefits of energy
efficiency.

The first direct benefihot quantified is that diealth. Green buildings have proven to reduce the
symptoms and occurrence of many illnesses including sick building syndronadlasthma-or
example, green buildings with improved indoor air quality have baend to redae colds and fliy
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over 50 percent (Kats 2006). Reducing sickness in building occugmanitghutes to decreased
employee sick dayscreasedtudent attendance, addcreasetsurance rates

Employeerecruitment andetention was also left out of thcostbenefit analysisResearch
showsemployee retention is highér those workingn green buildings. A study of greerX schools
in WashingtorStateestimated afpercent decrease in teacher toxer (Kats 2006). Employee
retention can be a sigicant benefit when evaluating tiheagnitude andost of turmver. According to
Jerry Yudelson, another green building expert, most organizations lose 10 to 20 percent of their
employees per year. The cost of turnovestsmateal by Katsto be 25 to Q0 percent of amual salay
and benefits, and $3000 to $150,000 by YudelsgKats 2006, Yudelson 20D&Reducing employee
turnover could be a significant benefit to WPI.

When considering retention at a college or university, one must also considet stteletion.

If students perform better dasts, they are less likely to leave an institutiéso, living and studying

in green buildings may make them more comfortable and satisfied with the facilities and campus
environment. Increasing studentamtionis a major benefit to the university from both marketing and
financial standpoints. The cost to recruit, adamid orient students through the fisemester is
essentially lost it student leaves before graduatifignis benefit could not be qotfied due to the lack
of and unavailability of information.

The last direct benefit not quantified in this study was tax credits. Different states offer a variety
of tax benefitandpreferred status during permitting. The federal governmiéerts a &x credit of 30
percent and a tax reduction up to $1.80 per square foot for solar thermal and electric systems, and for 50
percent reductions in energy used for HVAC, lighting, and water heating systems (Yudelson 2008).

The first indirecimpactnot quatified resultsfrom implementing energy efficient systems. The
2004 MA state repoytited by Katsfound that 160 shotterm jobs and 30 lonterm jobs are created
for every $10 million in investments in energy efficierfgats 2006) This benefit was noquantified
due to thecomplexily of estimatinghe amount of energy efficiency investments.

Another indirect benefibf building greerworthy of mention is emissions reductions. Green
buildings can reduce emissions of nitrogen oxides, sulfur diogaibpn dioxide, and coarse particulate
matter (Kats 2006). These emissions are principle components and causes of smog, acid rain, green
house gas, and respiratory problems respectively.

Through quantifying select direct and indirect benefits and exaghabroader range of
benefits, one can see the valudoilding green The amount of moneyaved on energy costs alone
outweighs the green premiurmAn overlappingpart of the green premium that must be examined is the
LEED premium, the costs associateith LEED certification.
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42Costs and Benefits of Certifyiogram a Faci

The LEED premium includes soft costs and fees collected by the USGBC. From research, it was
unclear if the LEED premium was part of the greesnpum. In many cases soft costs are included in
the green premium. Without certainty on the presence or extent of the overlap between the green
premium and the LEED premium, this project assessed the LEED premium as a separatdssngjty.
LEED registation and certification fees, and the soft costs of LEED certification, the LEED premium
was determined per square foot. This value was then used to determine the percémedgibf
building cost for which the LEED premium countethe table belovehows the final results, pe
certification level, for a twoto threestory college classroom facility. For more information on the
calculatons, please refer to Appendix S

Table 13: LEED Premium

Certification G Soft Cost Certification LEED Percentage of
Level reet SOt L-osts Costs Premium | Project Cost
(USGBC 2008c,
Source (RSMeans 2006) RSMeans 2007)
Certified $ 046 $ 006 § 052 0.3%
Silver $ 055 § 006 § 0.61 0.4%
Gold $ 0.81 § 0.06'§ 087 0.6%

As shown, the.EED premiumadds less than 0.6 percent to the total building cost.
Upon determining the LEED premium, the benefits and importance of certifying a building was
researchedThird-party validationisnecesar vy t o cal | &uddlsonstiesbesthg fAgr e e

importane of LEED certificatiorfor commeral and institutional buildings:
In the commercial and institutional arena, if a building is not rated and certified by an independent third party with
an open process for creat i ndrealnhe caliea a gredermbuildingn if building at i n ¢
owners and designers say they are following LEED but not bothering to apply for certification of the final building,
you should rightly wonder if they will really achieve the results they claim. (2008)

Yudelson furher explains that project owrsawho claim to be building a green facility without
certifying the project through LEED or another independent organization are deceiving themselves and

others. When certification is not a goal, many aspecsired for certification get cut from the project,
primarily due to budget reasons.

4.3 A Balanced Scorecard to Evaluate the Impact and Status of Greaiidig at WPI

A BSC to measure the current status and strategically plan the future of gildergb at WPI
was developed with information on the currentustatf green building at WPI, a comparison of green
buildings at competitor schools, and information and suggestoNVPI officials on objectives for
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