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Greenhouse Gas Reduction Plan

Executive Summary
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The mission of WPl includesthe c6h G YSyYy i a¢2 ONBIFGSTE (2 RAaO0O2FSNE |
frontiers of academic inquirfor the betterment of societyb é ¢KAA O2YYAGYSyd G2 0
societal impacts led to the creation of our Plan for Sustainability, including the majorfgtevelopment

and implementation of a Greenhouse Gas (GHG) Reduction Plan. Recognizing that the increase of carbon
dioxide and other greenhouse gases in the atmosphere is a major contributor to climate change, and
further recognizing that the emissiorf these gases due to human activities is a primary cause of this
increase, WPI commits to taking responsible action to track our emissions and to minimize the quantity
emitted.

Accomplishments to Date

While this formal GHG reduction plan is just being lizesl, WPI has been active in minimizing its
environmental impact for many years. Salient accomplishments include the following:

1 Implemertation of campuswide recycling irt990, with major enhancement2006;

1 Replacement of the central power house boileigh efficient, natural gas units, 2006;

1 Commitment by the WPI Board of Trustees to design all future buildings to LEED standards, 2007
(Four LEEDertified buildings have been completed and a fifth is under construction.);

T /I NBFEGA2Yy 27F (kRdce bn\sBstaihaRifiyy/-dh&rad bg thedProvost and CFO, 2007;

Development and acceptance by the Board of Trustees oW\Ré Sustainability Plan2013;

1 Investment of approximately $500,000 annually in energy efficiency upgrade work, beginning in
FY2a4;

1 Receipt of AASHE STARS Gold rating for overall performance in operational, educational, research,
and community aspects of sustainability, 2017.

i Establishment of a Green Revolving Fund to institutionalize the commitment to continued work
to reduce enegy and other resource consumption, FY18;

=

All of these activities have had a positive impact on the reduction of our direct or indBel® emissions.
While this GHG Plan is important, it is just one component of our overall commitment to sustainability a
documented in ouWPI Sustainability Plan

1 Direct campus emissions, such as from our boilers and vehicles, are referred to as Scope 1; emissions due to
production of the eledticity used on campus are referred to as Scope 2; other emissions related to WPI
operations, such as commuting and business travel, are referred to as Scope 3.



Emissions History and Current Status

In the period after FYO7 and continuing to the present WPI has been in a period of substantial growth in
floor space, student, faculty and staff population, and researckvigct All of this is reflected in the

growth in energy usage and greenhouse gas emissions depicted in the early years of Figure 1. By FY09 we
were emitting a total of 17,710 metric tons of é&Cannually. This represents the highpoint for campus
energyusage and emissions. Thanks to aggressive energy conservation work, even in a period when WPI
added 23,000 gross square feef floor space, our usage and our emissions have decreased. Without
these efforts our utility usage, and cost, would have beemeeted to increase by about 15%,
corresponding to approximately an additional 4.4 million kwh and 22,300 million BTU annually, along with

an additional utility cost of approximately $840,000. Another major contribution to reduction of GHG
emissions washe conversion of our central heating plant from fuel oil to natural gas in FY06. This

Historic Campus Scope 1 and 2 Emissions

20,000
18,000
16,000
14,000
w 12,000
8 10,000
E )
8,000
6,000
4,000
2,000

0
FYO07 FY08 FY09 FY10 Fy11 FY12 FY13 FY14 FY15 FY16

B Scope 2 Emissions ® Scope 1 Emissions

Figure 1 WPI Scope &nd Scope& emissions. Scopeidue entiely to electricity use. Scopeiddue
primarily to natural gas for building heating with contributions from campus vehicles and p
equipment.

conversion reduced our Scope 1 GHG production by approximately 25%.

Determination of GHG Reduction Actions

The cornerstone of essentially every GHG reduction planeigygrefficiency. Reduction of the amount of
energy used by WPI reduces greenhouse gases, reduces the stress on the electric grid, and saves money.
WPI has successfully implemented several major energy conservation efforts, targeting both electric and
thermal energy. An extension of this program forms the basis for this Greenhouse Gas Reduction Plan.
GreenerU, a firm with substantial experience in campus energy efficiency auditing and upgrades was
engaged to continue previous work in auditing campus Ingsl for energy usage and efficiency upgrade
potential.



Details of the building audit results are presented in the full report. These audits, together with previous,
non-implemented building studies, demonstrate the potential for significaditionalsavings in energy,

utility costs, and greenhouse gas emissions. If completely implemented, these specific projects would
NERdzOS 2t LQa SySNHé& dzaS o0& | LIWINRPEAYIGSt& umdc YA
energy use. Further, an additiormlyz="> 2 F 2t L Q& o6dzAf RAY3I Ff22N aLl OS |1

Financial Aspects

An understanding of the financial as well as the energy and GHG implications of potential projects is
essential. Figure 2 shows the simple payback periods fdr staudied project and Figure 3 shows the
cumulative GHG savings as a function of project payback. This chart demonstrates that approximately
85% of the potential GHG savings can be realized with payback periods of 7.5 years or less.

¢ 16.00 Payback Periods

Figure 2 Simple payback periods for audited buildings, in order akmsing payback time.
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Figure 3 Total cumulative annual GHG savings achievable with multiple projects, order:
project from the shortest payback period to the lorsge



A key implication othe financial analysis is that all of these projgeay back their implementation costs

in 7.5 years or fewer, and after the payback period, they provide ghy dzt t al gAy3a Ay 2t LQ

This is illustrated with the cash flow depicted in Figurdo# one possible sequence of project
AYLX SYSy il A2y o Li aK2e¢a GKIFIG Ay @Sl N asSgSy GKS
savings becomes positive, and continues to grow in future years. Of course this approximate analysis
must be refned prior to project implementation.
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Figure4. lllustration of one possible set of energy upgrades. The cuimaléalance indicates the
cumulative sum of investment costs (negative) andtytsiavings (positive), showing a net positi
benefit in year 7 and beyond

A common metric in GHG reduction studies is ¢bet per metric ton of GHG reducedror the projects
described here, that net cost over the payback period considering project investments balanced against

utility savirgs will actually baegative ¢ representing aollar savingsto WPI as well as a reduction in
GHG emissions.

Goal and Related Commitments

Greenhouse Gas emissise by FY25, relative to the benchmark year of FY14.
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This goal can be achieved with implementation of the energy conservation plan presented in this report,

together with small reductions due to additional efforts. To reach this goal WPI makes the fgllowin
commitments:

1. WPI will strive to continue to reduce emissions at a rate that matches recent success,
approximately 1.5% annually via continuation of the energy upgrade program. As has been
demonstrated to date, continuation of these measures will yieldfmancial savinggo WPI.



2. WPI will actively pursue the implementation of additional measures such as advanced energy
O2yaSNIBI GA2Yy GSOKYyAIldzSasz adzlJl2 NI F2N) O2y Ay dzsSR
heating/cooling technology.

3. WPI will undertake to measure and report those components of Scope 3 emissions (principally

faculty/student/staff commuting and WRelated travel) that are feasible to quantify, and to
develop programs to reduce or compensate for these emissions.

4. WPI commits that & education will impart the knowledge and skills necessary for its graduates
to bring about major reductions in greenhouse gas emissions through their careers.

5. Finally, WPI commits to continued support for its research programs that are advancing the
sciertific knowledge and the engineering implementations that will reduce greenhouse gas
emissions globally.

Implementation Plan

The following strategies are recommended for implementation in the shet y&ar) term for Scope 1
and 2 emissions:

1 Energy Upgrade

o Continuation of the program of thermal and electric energy efficiency upgrades to campus
buildings at the rate of at least one major building per year, or the equivalent in some number
of smaller buildings. It is recommended that this effort be impletadvia a green Revolving
Fund.

0 Upgrade of exterior campus lighting with more efficient LED fixtures and appropriate controls

o Implementation of flexible controls for athletic field lighting and possible conversion to LED
fixtures to minimize energy use vidiproviding appropriate lighting for activities.

1 Complementary efforts

o LYLX SYSyidFdA2y 2F I GDNBSYy [l06aé¢ LINRINIY AyO
ways in which energy and other resources may be used more efficiently in the laboratory
environnment.

o0 Implementation of an ongoing monitoring system as part of the building automation systems
to minimize the degradation of energy performance of buildings over time and to document
the actual energy savings achieved by upgrade and conservation work.

o Indusion of energy efficiency considerations in all major maintenance projects.

0 Conduct of a comprehensive study of campus water use, identifying waste, leaks, and
opportunities for efficiency improvements, and implementation of the results. The GHG
impactwill be relatively small but the water resource conservation is worthwhile in itself.



o Implementation of building and space access policies and controls to concentrate the use of
space, recognizing the dynamic nature of campus utilization, resulting inebettricity and
heating/cooling savings.

o Conduct of an ongoing education program to support behaviors that conserve energy.
Numerous studies report energy reduction results in the 5% range for targeted behavioral
programs, but also caution that long temffects require ongoing programs.

0 +tSNATFAOFIGAR2Y GKFG GKS aidlisSQa ay2 ARfSé L2fA
1 Major purchases

o Performance of an engineering study of the potential for further reduction of energy use in
our information technology egpment, and implementation of the recommendations.

0 Attention to energy use in all new equipment purchases.

o Consideration of fuel efficiency in all campus fleet and power equipment purchases, and
purchase of hybrid, electric or biodiesel vehicles whersitda.



Greenhouse Gas Reduction Plan

Introduction and Principles
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societal impacts led to the creation of our Plan for Sustainability, including the major goal of development
and implementation of a Greenhouse Gas (GHG) Reduction Ré&agnizing that the increase of carbon
dioxide and other greenhouse gasashe atmosphere is a major contributor to climate change, and to
global warming in particular, and further recognizing that the emission of these gases due to human
activities is the primary cause of this increase, WPl commits to taking responsilae tactrack our
emissions, and to take steps to reduce the quantity emitted. Further, as a research and educational
institution, we commit to advancing the state akientific knowledge and technology to reduce
greenhouse gas emissions while continuingrovide the typesand amountof energy that are essential

to human welfare. We have committed to the incorporation of the principles of sustainability in our
teaching and research activities as well as in our campus operations. The balance amonbrédeese
dimensions will guide the resource allocation in our GHG reduction efforts. We understand that resources
devoted to undergraduate and graduate education in sustainability principles and to clean energy
research are potentially even more importantesvthe long term than the resources spent in reducing
campus emissions.

At WPI we have adopted the commordgcepted definition of sustainability as the stable situation in
which humans and nature exist in mutual harmony to support both present and fgemerations. We
strive to reach this goal through consideration of the three-gohls of environmental stewardship, social
justice, and economic security for all. Actions toward these goals includes minimizing our carbon footprint
and other negative enkdnmental impacts, educating our students through sustainakiétated courses

and project work, performing relevant research, and carrying out positive community engagement locally
and globally. While the major goal of this plan is to put in placetafséargets and strategies for
management and reduction of our @FCOQe refers to the amount of Cvith the same global warming
potential as theactual mixture of all the emitted gasesymissions,another goal is to establish
comprehensive communicians plan to educate the community on the extent of thex€8@missions from

each of the major sources, together with information on the negative impact of these emissions and the
ways in which they can be reduced or offset. This effort will help buildeavas in the WPI community

of the need to include reduction of these unseen impacts in our campus decisions.

This document sets the institutional context, clarifies the definitions, documents our current situation,
compares WPI to peers and benchmarkstsliand evaluates alternative reduction strategies, and sets
nearterm and mediuraterm targets and reduction strategies. Therrf@al adoption of this plan

represens2 t L QA O2YYAGYSyYy(ld G2 AyadAaddziazylt NBaLR2yaAoAft



With this plan we commit to tracking and working to reduce the greenhouse gasienmsson our campus

and those produced in the generation of our electricity. These are referred to as $Sa@mScope2
emissions. We also commit to development of a plan tokiraed minimize other emissions that result

from our operations, referred to as Scope 3 emissions. These includes activities such as commuting and
other WPJrelated travel.

Accomplishments to Date

While this formal GHG reduction plan is just being fiedliZNVPIl has been active in minimizing its
environmental impact for many years. Salient accomplishments include the following:

1 Implementationof campuswide recycling irl990, with major enhancement2006;

1 Replacement of the central power house boilerghwfficient, natural gas units, 2006;

T Commitment by the WPI Board of Trustees to design all future buildings to LEED standards,
2007 (Four LEEE®rtified buildings have been completed and a fifth is under construction.);

T / NBFEiGA2yYy 27T ( Koke dniSistainaRilByyethgired by theiProvost and CFO,
2007,

1 Development and acceptance by the Board of Trustees ofMRé Sustainability Plan2013;

1 Investment of approximately $500,000 annually in energy efficiency upgrade work, beginning in
FY2014;

1 Receipt of AASHE STARS Gold rating for overall performance in operational, educational, research,
and community aspects of sustainability, 2017.

1 Establishment of a Green Revolving Fund to institutionalize the commitment to continued work
to reduce energynd other resource consumption, FY18.

All of these activities have had a positive impact on the reduction of our direct or indBel® emissions.
While this GHG Plan is important, it is just one component of our overall commitment to sustainability as
documented in our WPI Sustainability Plan.

Determination of a GHG Emissions Goal

While the justification and details are presented later, the following goal has been established:

2 t L Q3§ evenhsg vie grow in sizés to achieve a 2% reduction ingross $ope 1 and Scope 2
Greenhouse Gasmissions by FY25%elative to the benchmark year of FY14.

This magnitude of reduction in our actual gross emissions during a time of substantial growth in floorspace
and campus population represents aggressivéarget. Energy conservation will be the primary tactic

1 Direct campus emissions, such as from our boilers and vehicles, are referred to as Scojgsi@nsmue to
production of the electricity used on campus are referred to as Scope 2; other emissions related to WPI
operations, such as commuting and business travel, are referred to as Scope 3.



but this will be omplemented by additionabperational, educational, and research activities that
represent our commitment to the broad definition of sustainability.

One of the essential components of thepdipation of the principles of sustainability is consideration of
the external and longerm impacts, both positive and negative, of all that we do. Positive impacts include
our contributions to the productive lives of our studentsd our conversion ot brownfield into an
economically and intellectuallpriving component of the city of Worcester. On the other hand, we have

a responsibility to minimize the negative impacts of the solid waste that we generate, the water and other
resources that we us@ndof our gaseous emissions. The overall basis for the targets for these items can
0S aGFGSR FaYy daAyAYATLFGA2y 2F NBaz2dzaNOS dza$s
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competing forces that often arises in sustainability planniijnimization of our GHG emissions is an
important element of our commitment to environmental stewardship, but it is not the only element. We
strive to implement an opthum balance, given available resourcasong the following:

1 Minimization of energy use,

1 Minimization of direct and indirect greenhouse gas emissions,

1 Support for development of zero GHG electricity generation,

i Effective student education in the applicatiof the principles of sustainability in their careers
and their personal lives,

1 Research that advances the implementation of clean energy and that reduces the emissions
associated with conventional energy.

This report is focused on items one and two, lthie overall impact of the other items on global
greenhouse gas emissions will likelydreater, and hence arappropriate components of this plarOur
activities in these areas include the following:

9 Student projects that develop and implement appropeidechnologies (water, energy, erosion
control, etc.) and social programs at project centers in the developing and developed world,

1 An academic program in Environmental and Sustainability Studies, and a iNiBastainability
Engineering,

1 Commitment to tle development of largscale offsite solar energy sites via virtual net metering
contracts,

1 Research in technologies including advanced batteries, recovery of high value resources from
discarded electronics, and increase in solar cell efficiency.

The effets of these activities cannot be precisely quantified in terms of metric tons g @Quction,

but the following example helps to demonstrate the potential impaConsider the decision to either
Ay@dSaid 2tLQa NBaz2dz2NOSa A yfficatddzdidihKdseachy/t@impmoSe/sSlar tetl £ S
efficiency. If that researchcould increase PV efficiency jogt 0.5%(for example, from 10% to 10.05%)
installedsolargeneration capacity in 2016 would hawvereased by 58,000 MWh which is more electric
energy than WPI consumes arally. Hence this activity cdoe viewed as offsetting all of the greenhouse
3FraSa SYAGGSR Ay 2tLQa StSOGNROAGE LINRPRAZOGAZ2Y ®

WPI commits to the following principles:

9y



1 Minimizationof GHGemissions on our campus

Support for resarch regarding technologies apdlicies that reduce GHG emissions,

9 Education for all students regarding personal and professional decisions that impact global
climate change.

=

In summary, we are confident that our decision to commit resources to reduofi@ur own emissions
and to relevant research and education, rather than to the purchase of Renewable Energy Credits or other
offsets, will yield greater global benefits.

Definitions and Methodology

Definitions

Scope IEmissions are direct emissions frolmdzNOS & Sy iANBt e gAIGKAY 2tLQa O
of Scope 1 emissions are activities that burn fossil fuel such as oil or gas fired boilers and internal
combustion en@es, such as thegwerhouse boilers that burn natural gas to generate steancémpus

heating and the emergency generators that burn diesel or natural gas to provideupagkectricity to the

campus. Small sources of Scope 1 emissions include the gasoline and diesel used for campus vehicles and
0§KS daFdzaA G A DS ¢ s dirafdghing domanpus ait canditiodirg systems.

Scope ZEmissions are indirect emissions resulting from the production of some type energy (principally
electricity) that is purchased by WPI. This electricity is delivered from the New Englandngtids
generated from natural gas combustion, nuclear power plants, hydroelectric facilities, fuel oil plants, coal
plants, as well as solar photovoltaics, wind turbines, biomass combustion, and refuse incineration.

Scope Emissions include allemission NBf I § SR G2 2tLQa 2LISNY GA2ya (KI
This is an extreely broad category of emissions, including factors such as the emissions associated with

the construction of campus buildings and other infrastructure, and purchasepment and supplies.

Institutions that track Scope 3 emissions commonly identify a subset of the possible sources to track.

Most commonly this includes commuting travel to and from campus for faculty, staff, and students, and

may include other institutin-related travel, such as to conferences and studenicafihpus sites. Also,

emissions related to the processing of solid waste and waste water may be included. In this initial plan

WPI is not including Scope 3 emissions but we do commit to adding iesisiion in the future.

Carbon Dioxide EquivalefCQe) is a measure of the global warming potential of a mixture of gases in
terms of the potential of pure GO For example, the G®of 1 metric ton of C{s 1 metric ton and the
CQe of 1 metric ton dmethane is approximately 25 metric tons.

Normalized emissiondn addition to the total C& emissions in each scope, we will track emissions
y 2 NXY I € AT SR o0& Ff22NJ 4L OS FyR 2tLQ& Fdzf ¢ GAYS Sl dz

Energy Intengy Energy consumption normalized by floor space and FTE population. An additional
normalization by heating degree days for heating energy assists in comparison across years with different
average temperatures.



Inventory Methodology

Data Sources

The inveatorying of Scope 1 and Scope 2 emissions is relatively straightforward, making use of the
following information:

1 Scope 1 emissions

Natural gas usage: utility bills

0 Vehicle fleet: gasoline and diesel fuel purchases

o Emergency generators: diesel fuel pliases, natural gas utility bills
0

0

(@)

Power equipment: fuel purchases
Refrigerant leaks: refrigerant purchases
o Data on Cee emissions factors from each type of fuel or refrigerant
1 Scope 2 emissions
o Electric utility bills
o Fuel mix for the electricity useby WPI and data on CO2missions factors fromach
type of fuel

Emissions Factors

Emissions factor§.e. the amount of C&equivalent releasedfom the combustion of each materidhr
this assessment were primarily derived from the IPCC 5th Asses$hjewith additional information
from sources such as the Departments of Energy and Transpor@tidrthe Environmental Protection
Agency[2].

Reporting and Analysis

Emissions are reported both gross, or total terms, and in normalized terms. Reporting normalized
emissions allows WPI to compare emissions from year to year while considering the impacts of the
variation in campus population and square footage.

Baseline and Reporting Year

In develpment of the WPI Sustainability Plan, Fiscal Yaai4 (uly 1, 2013- June 31, 2014 was
established as the baseline year foost reporting purposesand will serve as the benchmark year for

this plan With regard to the heating energy component of t#HG emissions, the large ydaryear
variabilityin temperature, as measured in heating degree days, results in substantial fluctuations that can
mask the impacts of reduction efforts. Hence, it will be important to observe |aeger trends. For
exampe, FY1Zincluding heating degree days from July, 2011 through June, 2tH#)ened to be
approximatelyl8% warmer than average in terms of heating degree days. From Figure 1 it can be seen
that our natural gas usage declined substantially in FY12 while electricity usage remained
approximately constant.



The fiscal year has been chosen rather than the calendarfgeaeportingd A y OS SaaSydAal f @
reporting is on a fiscal year basis. Each fiscal year incorporates one academic yearasehteghe
LISNA2R 20SN) 6KAOK 2t LQa FAYIYyOALt AyO02YS FyR SELIS

Reporting Boundary

This inventory focuses on all buildings and grounds that WPI owns, as well spaces that WPI leases for
additional classroom, office, and laboratory spad#e to practical constraints, this inventory does not
include spaces where WPI does not pay the utility billse Scope 3 emissioage not tracked directly,

and in somecaseghe CQe content would be difficult to determine. As part of this Plan WPI citsim

the development and implementation of a system to measure, or estimate to a reasonable degree of
precision, the greenhouse gases emitted under Scope 3.

Context: GHGTrends, and Current Status

Historical Energy and GH®ata

In the period after FY7 and continuing to the preseriVPI has been in a period of substantial growth in
floor space student, faculy and staff population, andesearch ativity. All of this is reflected in the
growth in energy usage and greenhouse gas emissions depictee @arly years ofigures 1 and 2By
FY09 we were emitting a total of 17,710 metric tons ofeCdnually. This g@resents the highpoint for
campus energy usage and emissioi$ianks to aggressive energy conservation wovknen a period
whenWPladded 53,000GSF of floospacepur usage and our emissions have decreased. Without these
efforts our utility usage, and cost, would have been expectaddoeaseby about 186, correspondinp
approximatelyan additional4.4 million kWh and 22,300 millidBTU annually, for an additional cost of
approximatey $840,000.Another major contribution to reduction of GHG emissions was the conversion
of our central heating plant from fuel oil to natural ga$-¥i06 Thisconversion reduced our Scop&sHG
production by approximately 25%

¢tKS a2dzNDSa 2F 2tLQa {02LS ™M SYAaaArzya FNB Affdzad
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with our vehicle fleet6 a2 12 NE O O2y iNROdziAYy3d mMdo: YR SYSNHSY
contributing the remainder.Primary data for Scope 1 emissions are taken from the annual report filed

with the Massachusetts Department of Environmental Protectigh.



Historic Campus Energy Use
300,000
250,000 ———

200,000
B

= 150,000
=

100,000

50,000

0

Fr07 Fro8 FY09 FY10 FY11 FY12 FY13 FY14 FY15 FY16
M Electric (MMBTU) B Natural Gas (MMBTLI)

Gateway 1 East Hall & Garage Rec Ctr Park Ave Garage & Fields

Figure 1 Historic WPI electricity and natural gas use in the period from FYQ7 through FY16
approximate opening dates édur major campus buildings are indicated. Note that MMBTU repres:
one million BTU.

Historic Campus Scope 1 and 2 Emissions
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Figure 2 Historic WPI Scopednd Scope 2 emissions. Scoge @ue entiely to electricity us. Scope
1is due primarily to natural gas for building heating with contributions from campus vehicles and g
equipment.
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All of our Scope 2 emissigare due to the electricity used by WPI. While not emitted on campus, we are
responsible for the emissions from fuels burned to produeedlectricity that we use. Aexact allocation

of emissions to k\W usedcannot be made because of the interconnected grid nature of the electric
network. WPI draws from the grid at our geographic location, but power is input to the grid from a myriad

of large and small power plants with their energy input coming froorges that include natural gas, oil,

coal, sunlight, wind, biomass, and hydropower. The power sources in New England are relatively clean,
with only a small amount of coal being used, along with large amounts of hydro and nuclear power. While
nuclear errgy is controversial for its potential lostgrm waste issues, its generation adds no greenhouse

gases to the atmosphere. The proportion of these energy sources is shown in Figure 4. ,dhe CO
contribution of the various type of biomass is a matter afngodebate, but with its inclusion 47% of this
NEIA2yQa St SOGNRK OA lesouicds.t ESYE SNIRG 8 R 2 NBRr@rgyhsBoRiE K ( K
FYR NS NBFSNNBR (2 | & The&a répbdsdherg igprelsentlth® tnieloedi S F dzS €
of 04/01/2015 through 03/312016 [4].
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Figure 4. Fuel mix for W®Electricity generation20152016



While total emissions represent the fundamental quantity to track and manage, it is also appropriate to

i NI O1 enérgylue aneémissions normalized by measureof our size Figure 5 epicts our energy

use normalized by gross square footage of campus structures from FY12 through FY16. The green line
AYRAOFGSa ¢KIFiG YAIKG 06S SELSOGSR Ay || aodaAaAySaa |
tends to grow over time. A 1% anrugrowth is depicted. The red line represents a target of 15%
reduction in energy intensity over the FY12 to FY17 period. With the current energy upgrade work in

Atwater Kent, Morgan, and Alden, this target should be mdtY17
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Comparison to Peers

Figure shows a comparison of total Scope 1 and 2 emissions across a range of institutions. The institutions
aK26Yy> 6AGK GKS SEOSWIIA2Y 2F 2tLs KFE@S |ttt &aA3ySK
CQe emissions to zero by some time in the fidpdemonstrating their commitment teigure 6shows a

comparison ofotal Scope 1 and 2 emissions ags@ range of institution€Emissions data were obtained

from the SecondNature website http://reporti ng.secondnature.organd enrolimen data were obtained

from ipeds https://nces.ed.gov/ipeds/ WPI compares quite favably to thesenstitutions.A comparison

to a larger survey group of universities is proddsy the NACUBO/APPA survey that reports a range of
emissions from 0.85 metric tons eper FTE student for community colleges to a level of 6.3 metric tons

per FTE student for research institutions. These values represent the median reported actioss all

reporting institutions in each institution cagory. WPI is at a levef 3.7 metrictons perFTEstudent.



http://reporting.secondnature.org/
https://nces.ed.gov/ipeds/

m MT/KkGSF
m MT/FTE student

Institution

Figure 6.Annual metridons of CO2 equivalent emitted by the listed institutions, normalized by g
square footage and FTE student enrollrhen

Mitigation Strategies

Introduction

Regardless of the specific quantitative target, which will be discussed later, WPI has accepted the
responsbility to minimize our greenhouse gas emissions. A broad range of possible strategies is discussed
below, and it is fortuitous that a primary approach to£@®eduction is simply to reduce overall energy

use, which also reduces our utility costs. In féig approach to C£ reduction has already been shown

to often represent anet financialsavingsto WPI, often with short payback periods.

Review of Possible Approaches

Scope 1 (principally space heating and campus vehicle and power equimasdg)onsare directly under
2t LQa O2YyGNRE O C2fft26Ay3 IINB GKS LINAYOALI f YSIya

1 Enhanced energy efficiency
o Enhanced heating plant (boiler) efficiency in converting fuel to usable heat
o Enhanced efficiency in heat distribution (steam piping)
o Enhanced efficiency in heat energy use: insulation, ak $ealingpptimal air flow and
outside air exchanges
Flexible, programmable HVAC controls incorporating diagnostics
Correct user behavior in using the controls appropriagtely
Enhanced vehiculduel efficiency and migration to hybrid/electric vehicles
Fuel efficiency improvements ipower equipment and/or alternative approaches to
reduce use of power equipment

O O O o
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1 Change to alternative heat sources suchitesmal solarsystemsor ground or air-sourced heat
pumps

1 Change to lower carbon fuel (such as from fuel oil to natural, gas)

1 Utilizebio-diesel in campus diesel fleet and possibly in emergenogng¢ors

91 Behavior changeprohibit idling of campusvehicles, usecontrols for HVAC, optimal usé fume
hoods and other laboratory energyonsuming devices

1 Replace HVAC systems wakistems using refrigerants witbwer global warming potential.

¢tKS SyYArAaaArzya NBEIFIGSR (G2 2dzNJ St SOGNROAGE d&S o6{ 02
several indirect means to greatly impact the amount of emissions, as listed below:
1 Increasecenergy efficiency
o ImprovedHVAC system efficiencfincluding chiller/heater efficiency, air flow volume)

and appropriatecontrols,

Appropriate and appropriatelysed user controls

Improved lighting efficiencwith appropriate controls,

Hficient IT and othepffice and lab equipment

o Energyaware behavior by building occupants.

1 Purchasd electricity generated from lowor zerocarbon sources such as wind, solaydro,
nuclear, some types of biomagis Purchased Power Agreements or other types of contracts. Thi
generally requires purchase of Renewable Energy Certificatesasing the cost of electricity.

1 Onsite generation ofelectricity from low or zero GIG means:

o Solar PY
0 Fuel Cefifor potentially lower but norzero GH@&missions
o Cogeneration with combined cooling, heat, and power generation for potentiallef
but nonzero GHG emissions,
o Note thatwind generatorh & AY TSI aA06fS 2y 2t LQa OF YLz

o O O

As mentioned previously, WPI is not considering the purchase of offsets for Scope 1 or 2 emissions.

lf 0K2dAK 2t LQa GNIYOlAYy3 | yR Ni&RazOlefered,itiSWorraviNg a F 2 N.
to listthe reductionapproacheselating to faculty, &ff, and student travel

1 Reduction of usage of single occupancy vehicles via:
0 Increased use of mass transit
o Carpooling
o Walking, bike riding
o0 Consolidation of trips
0 Telecommuting
1 Increase in efficiency ofehicles (hybrids, electrics, etc.)
1 Use of biotiels
1 Reduction irtravel, particularlyair travel via:
0 Teleconferencing
0 Consolidation of trips

11



o0 Alternative transportation (train, bus)

While the above measures would be helpfulpstantial reduction of net Scope 3 emissions typically
requires the usef offsets. For example, student travel by air to project sites is an essential part of
our educational mission for which no feasible alternative exists. Rather than purchasing external
offsets, investment of equivalent resources in further reducing $aope 1 and 2 emissions is an
attractive strategy.

Building Scoping Audit

Building Selection

The cornerstone of essentially every GHG reduction plan is energy efficiency. Reduction of the amount of
energy used by WPI reduces greenhouse gases, reducesréiss on the electric grid, and saves money.
WPI has successfully implemented several major energy conservation efforts, targeting both electric and
thermal energy. An extension of this program forms the basis for this Greenhouse Gas Reduction Plan.
GreenerU, afirm with substantial experience in campus energy efficiency auditing and upgrades was
engaged to continue previous work in auditing campus buildings for energy usage and efficiency upgrade
potential.

The list of buildings to be audited wagvebped in collaboration with WPI Facilities staff, and represent

Fo2dzi F GKANR 27F 2t L (Jhe feasble scbpe of dafs audlit lidhitedizhenimbdr af2 G | 3 S
buildings that could be included but a representative selection of building typemads. Also, buildings

that have been recently upgradedvill soon be renovated, or are nenergy prioritiesvere excluded

Seventeen building were identified for this stydisted in Table 1Energy efficiency reduction
opportunities were identified trough walkthroughs, energy use data provided by \iRd benchmarking

of these buildings against similar buildings in the GreenerU database.

Table 1 Buildings Studiedn Scoping Audit
(Note that somesmall residential buildirgs arecurrently used foroffice purposes)

Building Type Building Name
Small residential | 8 Hackfeld, 11 Einhorn, 8 Elbridge, 20 Trowbridge
Stoddard Stoddard A & B can be assumed to be equival&idworth 1, 2, 3
Institute Hall, Founders Hall, Faraday Hadllisbury Estates

Large Residential

Administrative Bartlett Center
Academic Fuller Labs, Stratton Hall, Washburn/Stoddard
Athletic Sports and Recreation Center

The buildings in Tablelave been previously studied and upgraded.

12



Table 2 Buildings Recently Upgraded

Gateway | Higgins Labs Alden Hall
Gateway Garage Atwater Kent Goddard Hall
Rubin Campus Center Morgan Residence Hall

Partial upgrades have been performed in the following buildiisgsd in Table 3
Table 3 Buildings with Partial Upgrades

Sports & RBc Ctr (LEDs in gym Power Houséelectric) Institute Hall (VFDs)
Sanford Riley (lighting) Gateway sign (LEDS) Founders Hall (VFDs)

The building#acilitiesin Table shave previously been studied in detail, but upgrade work has not been
performed.

Tabk 4 Buildings/Facilitie®reviouslyStudied but not Upgraded

Salisbury Labs Exterior Lighting (noathletic) Exterior Lighting (athletic)
Harrington Audorium Kaven Hall Gordon Library

Finally, for completeness, Table 5 lists the major campus builtiaghave not been studied or upgraded
(other than minor improvements in some case#ll of these do represent potential upgrade candidates
and should be considered in the future. In addition, a substantial number of small resideriliithgs
remaincandidates foupgrades

Table 5 Buildingsnot Studied orUpgraded

Boynton Hall Daniels Hall East Hall
Facilities, 37 Lee St. Higgins House Hughes House
Jeppson House Olin Hall Wedge(MorganDaniels)
Project Center Stratton Hall

Campus Building Aud Results

An overall summary of the building audit results is presentetlable Al in the Appendix. Thesdata
provide one important input to tke determination of a facilities upgrag#an that addresses four inter
related aspects:

I Greenhouse gas redtion,
M Deferred maintenance,

1 Project cost, and

i Utility cost savings.

13



Figure 7showsrelative Energy Use Intensity (EUI) of each studied building. This is reported in kBTU per
gross square foot where both electric and thermal (natural gas) energy ussavertedto kBTU and
combined. The variatiom both overall EUI and the relative usage of thermal vs electric ersanggs
buildingsis dramatic. In general the more energy intensive buildings provide the greater opportunity for
beneficial upgradedyut each situation must be considered individually.

Actual Energy Use Intensity (EUI)
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Figure 7 Energy Use Intensity of campus buildings depicting annual usage (in thousands of BT
electricity and natural gasoasumption. Note that some apparent discrepancies may be dut
specific building activities, such as a central laundry fadditghiller that serves multiple buildings.

The recent walkthrough audits, together with previous, Aomplemented building studies, demonstrate

the potential for significant savings in energy, utility costs, and greenhouse gas emissiomsplétely
implemented, thesgrojectsg 2 dzf R NI R dzO Sise byt appfaimafelg 1Sehdlidn BTU annually,

or approximately 8.5% of total energy usé-urther, additional buildings appear feasilite energy
upgrades. Figures 8a and Bustrate theupgrade progress to date as well@svidingarough estimate

of potentially feasible future progress, assuming the same type of upgrades that focus on HVAC controls
and lighting.

The energy efficiency opportunities identified in these buildings inclbdddllowing:

1 Retrofit of LED Lighting

14



Intelligent lighting controls

Recommissioning, optimization and controls upgrades of HYAC Equipment
Building Envelope Upgrades (primarily reduction of air infiltration)
Cogeneration for the Sports & Recreation @en

= =4 =4 =4

Energy Upgrade Status by GSF Energy Upgrade Status by kWh

23%

Feasible
41% | Studied
30%

Figure 8.(a) Approximate percentages of floor space for which upgrades have been completed, st
appear feasible, or appear questaine for upgrade. (b) Depiction of the same categories by propor
of their electricity usage

Applying the results for actual and estimated savings from the past studies to the remaining feasible
campus structures, it is possible to estimate the total energygeeénhousegas savings that is possible
via this approach. Results areistrated in Figure 9 for electric energyhe overall chart represents the

Current & Potential kWh Savings

® completed
savings

B studied
savings
m feasible
savings

B potential
usage

Figure 9.5 SLIAOGA2Y 2F 2t LQ&a 2 @JSNI f fared (1®D)rdpie@tditt
electric energy that WPI would have been using if no conservation measures had been implerr
¢CKS aO02YLX SGSR al@gay3aaé¢ LERNIA2Yy NBLNBaSyi

represents implementation of the pi§jOtd a | G GKS F dzZRAGSR 0dzA f RA Yy
represents work on additional campus buildings.
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amount of electric energy that we would be using with past or futureenergy upgrades. The slice
labelled completed savings (16%) represeelisctric energy that we are NOT using die previous
upgrade projects. Hence the remainder represents current usage. The slices labelled studied savings and
feasible savings represent what would result from implementation of the current study results as well as
extension of similar work to theemaining feadile buildings. These projectsudd reduce ourlectric

energy usage bgpproximatelyan additional 19%.Similar results are possible for our thermal (natural

gas) energy.

Financial Considerations

While more sophistidad financial analgis toolswill be appropriate forfinal planning, the use of the
GAAYLE S LI &6l O1¢ YSIadaNB Aa KStLFdA Ay LINA2NRGAT A
project cost (after any rebates or incentives) by the annual utility cost savewmsgting in the number of

years required to recover the initial investmewithout correcting for inflation or the time value of
money. The Scoping Audit provided estimates of total cost of the upgrades in each building. The net cost
to WPI will in gearal be reduced by the amount of rebates or incentives provided by our utilitpaaias
(National Grid and Everarce). For the recently completed projects these rebates have represented as
muchas 60% of totaproject costs. This cannot be expected ddirprojects in the future.Based orthe

best information provided rebates of 2% of inglled cost are assumed in the financial estimates
presented here Figures 10, 11land 12 provide different illustrations of costs versus impact on
greenhouse gaseduction.

Payback Periods

Figure 10.Simple payback periods for audited buildings, in order of increasing payback time.

Including thevalue of theestimated rebates, simple paybackrfmels are seen to range from twe@arsto
about13 years.From a purely financial viewpoint, payback periods less tippnaximately 57 years are
generallyconsidered desirable, dbugh in some situations longer payback are appropriate to consider.
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Also, fnancial payback is not the only consideration here; the primary goal of this work is greenhouse gas
reduction while maintaining financial feasibilityFigure 11lillustrates thenet project cost to WPI per

$3,500
$3,000 1 Cost per MT Ce
g $2,500
S $2,000
@ $1,500
z
$1,000 -
$500 -
$0 -
O X A &5 YV 2 & &N 20 % XN
FEEFCSIST I I TLILLE
@b %’é (,(’QJQ$ N éo Q?Q%Q} $0 R bb’b &oszg% ,@Q §J b@b‘z}"’
S TR TELT S FSE
Building

Figure 11.Net project cost to WPI (after rebates buttrmonsidering utility cost savings) per metr
ton of CO2e saved for each building studied.

metric ton of C@ saved annuallwithout inclusion of the utility cost saving€omparing Figures 10 and
11itis seen that there is a general, but not perfect, correlation between those projects with the greatest
financial baefit and those with the lowest cost pemetric ton of greenhose gas saved.

Figure 12 shows the cumulative impact on greenhouse gases of implementation of conservation measures
on all of the studied buildings, ordered by shortest to longest paybadkgherThis helps to determine

the implementation plan with the largest GHG impact for a particular payback period. Finally, Figure 13

illustrates the estimated savings as a function of building type. This measure does not appear to be useful
in planningthe upgrades since the individual building results show as large a variation among buildings

within a type as among types.
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Cumulative GHG Savings
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Figure 12.Total cumulative annual GHG savingsieeable with multiple projects, ordered by projet
from the shortest payback period to the lorgie

Percent Energy Reduction

m Electric

m Gas

Figure 13. Variation in percent energy savings for both electricity and gas as functions of bu
type.
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Summary ofFindings

Overall results of the building watkrough audits present attractive opportunities for retrofits thatll

both reduce greenhouse gas emissions and reduce utility expenses. While a more detailed financial
analysis for each project will be appropriate, the results demonstrate that for most, if not all, of the
studied buildings, the net financial impact ®Plafter inclusion of utility cost savingsill be positive.

Hence this greenhouse gas reduction will come at zero (actually negative) cost to WPI.

As an example, Table 6 shows a possible seleofiopgrade projects over a fiwgear period with their
net costs and annual savings. Figure 14 illustrates the cash flow, annual savinfisamcidl balance
over an eightyear period.

Table 6 Example d?ossibleAnnual Projects and Financial Implications

Year Project Net WPI Cost | Annual Savings
1 Washbun/Stoddard, Bartlett, Rec Ctr $439,911 $166,796
2 Salisbury Estates, Fuller Labs $516,532 $122,700
3 Stoddard C, Ellsworth 2, Stratton $385,951 $54,800
4 Ellsworth 3, Ellsworth 1 $342,151 $41,100
5 ?_rlc—i\llt\jsggs,elnstitute Hall, 11 Einhorn, 8 Hackfeld $145.927 $14.300

Annual Cost, Savings, Cumulative Balance
$800,000
$600,000
$400,000
$200,000

Ammounts

$(400,000)-
$(600,000)
$(800,000)
$(1,000,000)

B Annual Investment ™

B Annual Savings

B Cumulative Balance

Year

Figure 14.lllustration of one possible set of energy upgrades. Upgrades are perform
years 1 through 5 with the indicated net cost to WPI forhrepmject. Savings from eac
uparade bedqin to accrue in the following vear and continue indefinitely. The cumul
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The selection of specific upgrades and the overall ayeltir project scheduling should be made as part

of the Facilities planning and budgeting processes. In addition to GHG reduction, other important factors
include finarial scale of the project, deferred maintenance that the project can address, and
programmatic needs.

Additional Measures

hyteé Fo2dzi GKNBS ljdzZ NISNE 2F 2yS LISNOSyd 2F 2tLQ:
other than our electricity and atural gas usageCampus vehicles account for most of this additional

energy. This fact demonstrates the value of focusing on our buildings. However, it is appropriate to
consider other energy uses as well as additional means of reducing energy asy @ur buildings.

Vehicles

2 t & €ampus fleet of approximately 50 vehicles appears to present substantial opportunities for
efficiency enhancement as vehicles are retired and replaced. Substantial limitations are imposed by the
BSKAOf SaQ ralupNitdeh JaSdacapé Fainfenance to police use to passenger and mail vans.
However, it is recommended that the following be considered in each purchase:

A Fuel efficiency, considering both gasoline and diesel vehicles. (Note that diesel engines emit
somewha more CQe and significantly more of other types of pollutigger gallon than do
gasoline engines.)

A Hybrid vehicles, particularly for steand-go use such as for police, shuttle, and other passenger
use

A The feasibility of an electric vehicle for the tasich as for intracampus utility vehicles.

Another recanmendation is continued attentiontothé y 2 A Rf Sé¢ LRt AO0& F2NJ £ f Ol

Information Technology

The WPI IT department has implemented a variety of enargl/resourcesaving measurem the past.
The following additional measures are under study:

A Increase the number of office and lab computers and other IT equipment such as printers that are
Fdzi2YFGAOIEte LRESNBR R2gyI SAGKSNI (2 |y a27F7F¢
A Minimize theenergy use and GHG impact of centralized servers, perhaps by moving substantial
computation to the cloud. The GHG impact of this is quite dependent on the energy efficiency of
the off-site computers as well as the energy source for the electricity pogeliose serversin
a move to the cloud, the resulting greenhouse gas emissions would be accounted as Scope 3
rather than as Scope 2 emissions.
wSAFNRAY3I GKS aSO2yR AGSYZ GKS (NIXya¥FSNI2F &az2ysS 2-
High Peformance Computing €éhter (MGHPCwww.mghpcc.ory in Holyoke is under consideration.
azald 2F (GKS OSyiSNna St SOGNROAGE A& 3ISYSNIGSR o8
most current and aggres® energy efficiency standards.
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Community Involvement

While physical upgrades such as have been discussed will be responsible for most of the GHG reduction,
the involvement of all members of the WPI community can yield significant additional savinge Som
conservation aspects, such as light contoain be automated, but the support and involvement of the
users of the space are important fat least fourreasons:

1. To use the automated systems appropriately, rather than giging or tricking them,
2. To tale actions that save additional energy that are not automated

3. To consideenergy and GHG conservationnirchasing decisions,

4. To report malfunctions so that the energy savings are sustained.

Recommendations

Selection of GHG Target

2 t LMz@n statementdr sustainability includes the following promise:

We at WPI will demonstrate our commitment to the preservation of the planet and all its
life through the incorporation of the principles of sustainability throughout the institution.

Attention to minimizatbn of our greenhouse gas emissions must be part of that commitment to our
planet. Rather than sign a pledge with a goal at a distant future time, we comontitmediate actions
that reduce our own miissions as well as contributitigoadly to minimizatiorof global environmental
and climate deterioration.

Goal and Related Commitments

2 t L Q3 evenAs vie grow in sizés to achieve a 2% reduction ingross Scope 1 and Scope 2
Greenhouse Gasmissions by FY3relative to the benchmark year of FY14.

This gal can be achieved with implementation of the energy conservation plan presented in this report,
together with small reductions due to additional efforts. To reach this goal WPl makes the following
commitments:

1. WPI will strive to continue to reduce emisss at a rate that matches recent success,
approximately 1.5% annually via continuation of the energy upgrade program. As has been
demonstrated to date, continuation of these measures will yieldfmatncial savinggo WPI.

2. WPI will actively pursue the plementation of additional measures such as advanced energy
O2yaSNBIGA2Y (GSOKYAljdzSasz adzZlll2 NI F2N O2y (A ydzsSR
advanced heating/cooling technology.

3. WPI will undertake to measure and report those components of Scopeissm®ns (principally
faculty/student/staff commuting and WRelated travel) that are feasible to quantify, and to
develop programs to reduce or compensate for these emissions.
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4. WPI commits that its education will impart the knowledge and skills necekwaty graduates
to bring about major reductions in greenhouse gas emissions through their careers.

5. Finally, WPl commits to continued support for its research programs that are advancing the
scientific knowledge and the engineering implementations thditneduce greenhouse gas
emissions globally.

Implementation Planz Near Term

The following strategies are recommended for implementation in the she®t y&ar) term for Scope 1
and 2 emissions:

1 Energy Upgrades

o Continuation of the program of thermal andeetric energy efficiency upgrades to campus
buildings at the rate of at least one major building per year, or the equivalent in some
number of smaller buildings. It is recommended that this effort be implemented via a green
Revolving Fund.

0 Upgrade of extdor campus lighting with more efficient LED fixtures and appropriate
controls

o Implementation of flexible controlfor athletic field lighting and possible conversion to LED
fixturesto minimize energy use while providing appropriate lighting for actwitie

1 Complementary efforts
o LYLX SYSy(GlFdA2y 2F | GaDNBSY [l 6aé¢ LINRINIY AyO
ways in which energy and other resources may be used more efficiently in the laboratory
environment.

o Implementation of an ongoing monitoringstgm as part of the building automation
systems to minimize the degradation of energy performance of buildings oveatih¢o
document the actual energy savings achieved by upgrade and conservation work

o Inclusion of energy efficiency considerations limaajor maintenance projects.

o0 Conduct of a comprehensive study of campus water use, identifying waste, leaks, and
opportunities for efficiency improvements, and implementation of the results. The GHG
impact will be relatively small but the water resou@nservation is worthwhile in itself.

o Implementation of building and space access policies and controls to concentrate the use of
space, recognizing the dynamic nature of campus utilization, resulting in both electricity and
heating/cooling savings.

o0 Condut of an ongoing education program to support behaviors that conserve energy.

Numerous studies report energy reduction results in the 5% range for targeted behavioral
programs, but also caution that long term effects require ongoing progrgams])

o LYLX SYSyidlFdAz2y 2F | ay2 ARtS¢ LRtAOE F2N OIY
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1 Major purchases

o Performance of an engineering study of the potential for further reduction of energy use in
our information technology equipment, and implementatiohthe recommendations.
0 Attention to energy use in all new equipment purchases.

o Consideration of fuel efficiency in all campus fleet and power equipment purchases, and
purchase of hybrid, electric or biodiesel vehicles where feasible,

Expected results ahe implementation of his plan are shown in Figures 457. Figure 18lustrates

the situation if we end the current efficiency upgrade program and bring the Foisie Center online. This
does assume that current systems and programs are maintained th@ueration to avoid the upward
GONBSLX 2F SySNHe& dzaS IyR SYArAaaiazya GKIFIG g2dZ R 21
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Thekeyrecommendatiorof this planis to continue the upgrade program at the current rate
(approximately $500k investment annually) resulting in 816G redction shown in Figure 16. The blue
area in Figure 16epresents annual greenhouse production and the red area represents greenhouse gas
not produced.
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Figure 16. GHG reduction achievable with implementation of the measures identified with
current and previous building audits.

Finally, Figure 1ilustrates the further reduction possible by continuing the upgrades to thdithal
feasible buildings on campussulting in an 18.6% reduction from FYThe additional 1.4% to reach the
FY25 goal will be achieved through the other measures listdnis program can continue past the 2025
date on the chart. However, a litviill be reachedindicated by the yellovine at approximately 12,660

MT of GHGnnually when these energy conservation upgrades have been completely implemented. It is
important to note that this recommended plaesults in a positive economic benefit WPI as well as
substantial greenhouse gas reductiaver payback periodsinging up to 1g8ears.

Further reductions beyonthe limit indicated in Figure7lwould require different approaches, including:

1

= =4 =4

1

Change to more efficient heating/cooling systems;tsas change fromeam to hot water
distribution,

U= of geothermal or aisource heat pumps,

Major upgrades to building envelopes

Installation of heat recovery systems on ventilation equiptmen

Change to electricity generated by zeBtHG means

While the currentenergyconservation upgrade plan is yielding a net positive economic benefit to WPI,
these additional measures could be expected to entail sapteeconomic cost to WPI.
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Figure 17. The green area indites the impact of continued implementation of similar types of ene
conservation measures. These may continue beyond 2025 but the limit of this approach is reac
approximately 1000 MT COZ2e emissions annually.

Longer Term @ssibilities

1 Implement a cegeneration system to provide ettricity, heat, and possibly cooling (absorption
chiller) to substantially increase overall efficiency of the-foeénergy process. However, the impact
on GHG may be minimal since the eledyidiom this system would be completéiyssil fuel based,
replacing utility electricity which has a substantial percentage of renewable generation.

1 Replace the steam distribution system with a combination of individual heating plaregerably
heat pumpbased)in each building and hot water distribution for tbe buildings remaining on a
central system

1 Continued attention toeduction of electric energy use, througje adoption of newer technologies
as they become viable

Conclusion

WPI currently demonstrates environmental responsibility and good energy cotiservaractices,
resulting in levels of Scope 1 and Scope 2 greenhouse gas emissions that compare well with peer
institutions on both an absolute basis and normalized by building floor space and population. This report
documents accomplishments to date thlaave resulted in a reduction iboth electric and natural gas
energy useand in greenhouse gas emissions. It then presantaggressive goal for further reductions
along with the specific measures to meet the goalfoljowing the strategy that has beeapplied
successfully to a wide range of campus buildirgsce this approach is based on energy conservation, it
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this report will continue talemonstrate both environmental and fiscal responsibility.
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Appendices

Planning team

WPI Steering Committee and Staff

1 John Bergendahl, Associate Professor ofl@iwd Environmental Engineering
Ryan Cooney, Student , 618

Kate Hanley, Project Manager, Environmental Defense Fund

Robert Krueger, Professor of Social Science and Policy Studies

Martin Luttrell, Digital Communications Manager

John Orr, Director of Sustaability

William Spratt, Director of Facilities Operations

1 Xinwen Xu, Graduate Student, Environmental Engineering

=A =4 =4 4 -4 =4

GreenerU

i Alex Davis
1 Robert Durning
9 Elizabeth Woodcock
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Summary Data from Scoping Audit

Table A1 Summay of results from Scoping Audit

Program Summary by Building

28

Existing Proposed Savings
Deferred GHG Emissions
< Electric Thermal Electric Thermal Electric Thermal Total | Total Cost Installed Simple i
Building GSF Space Use Maintenance Reduction
kWh kBtu kWh kBtu kWh kBtu MMBtu | Savings Cost Payback
Addressed MTCO2
Fuller Labs 73,250 | Academic 1,212,141 4,155,912 699,741 3,010,561 512,400 1,145,351 28948 73300[$ 695,100 | $ 183,200 9.5 225
Stratton Hall 24,380 | Academic 290,879 1,656,962 193,479 1,342,262 91,400 314,700 627 |$  14,200| 5 140,500 | $ - 9.9 50
h Sh ddard Labs 42,606 d 151,913 4,028,823 102,413 2,925,823 49,500 1,103,000 1,272 17,200| S 470,800 | S 311,000 274 79
Bartlett Centar 16,200 | A 268,078 893,592 130,151 670,192 137,925 223,400 594 18,819 | S 348,300 | $ 202,500 18.5 55
~N 20 Trowbridge 4,536 | Administration 9,668 205,200 6,368 112,900 3,300 92,300 104 | ¢ 1,300 S 23800 | S - 183 11
S Sports & Recreation Center 145,000 | Athletic Facilities 2,931,400 7,887,900 1,958,560 6,507,500 972,840 1,380,400 470018 130,777 S 1.26L600|S 565,500 9.6 380
o 11 Einhorn 3,600 | Grad Houslng, faculty/ staf{ 10,357 212,200 7,157 122,200 3,200 90,000 101]8 1,200 $ 20,700 | S - 17.3 11
b Salisbury Estates 130,000 | Grad Housing, faculty/ staf 1,537,120 6,042,950 1,212,820 5,005,990 324,300 1,037,000 2,144 S 49,400 S 263300 | S 5.3 161
§ 8 6,200 | Grad Housing, faculty/ staf{ 21,386 427,500 17,086 246,200 4,300 181,300 196 | § 2,400 S 28900 | § - 120 16
35 8 Hackfeld 3,900 | Grad Housling, faculty/ staf{ 20,586 365,700 13,086 254,600 7,500 111,100 137 $ 2,000| S 34600 | S - 17.3 13
L] Faraday Hall Residence Halls 926,800 4,541,300 69 235,400 276,500 1080|$ 31,000/ S 308000|$ S 9.9 93
g Institute Hall 15,300 | Resid: Halls 117,360 834,300 73,360 623,800 44,000 210,500 361 $ 7400 S 91,900 | S 12.4 30
& Founders Hall 96,994 | Resid Halls 707,200 508,700 424,000 770,600 283,200 138,100 1104|$ 355005 412,200 | § - 116 100
Stoddard C 12,326 | Residence Halls 203,200 161,400 142,900 116,300 60,300 45,100 251]8 72,700 S 62,900 | $ 8.2 26
Ellsworth Apartments 3 5,488 | Residence Halls 109,130 195,000 81,830 195,000 27,300 - 93|$ 3300 S 33000 S - 100 13
Ellsworth Apartments 2 3,136 | Residence Halls 62,360 199,200 46,760 199,200 15,600 - 53| $ 1,900| S 17,200 | $ - 9.1 10
Ellsworth Apartments 1 3.920 | Residence Halls 77,950 245,000 58,550 249,000 19,400 - 66[$ 2300]5  23500[$ - 102 11
2016 Scoping Study TOTAL 74,836 8,657,528 32,965,680 5,865,661 26,616,928 2,791,866 6,348,751 15878 |$  399696| 8 4.235400|5 1,262,100 10.60 1,284
Pravioasty Salisbury Labs 69,830 | Laboratory 966,955 5,613,000 667,128 4,791,000 299,827 822,000 1845 | ¢ 44,323 | S 442,300 137
= Exterior Lighting (Non-Athletics) Exterior 744,120 - 172,000 - 572,120 - 1,952 | & 68,654 | S 500,000 177
L"ﬂm' *m Exterior Lighting (Athletics) Exterior 218,750 - 43,750 - 175,000 - 597 [$ 21000/ S 450,000 54
Previously Studied TOTAL 69,830 1,929,825 5,613,000 882,878 4,791,000 1,086,947 822,000 4394|s 133977|$ 792,300 - 368
TOTAL Campus Opportunity 744,666 10,587,353 38,578,680 6,748,539 31,407,928 3,838,313 7,170,751 20,269 | $ 533673 |5 28,700 | § 1,262,100 10.60 1,652
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