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Abstract

This project consisted of performing an energy audit of Higgins Laboratorgl@r to
address current electric consumption, and provide suggestions towards reducing future electric
waste. At the conclusion of the aydlitwas decided the first key stepat needs to be taken is to
develop an ongoing relationship with National Grid, in order to begin taking advantage of their
incentive and payback programs for renovations and audits. All the incandescent bulbs should be
replaced with LEDs and lighting lelseacross the building reduced. Occupancy sensors should
be installed in all major rooms, and etlmputer control units should be equipped with a true
shutoff mechanism. Conservative estimates on payback periods for the shutoff mechanism is
under 5 monthsand for the LEDs is 2 months.
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Chapter 1 Executive Summary

1.1 Introduction

Energy consumption has become a growing concern for many institutions including
Worcester Polytechnimstitute (WPI). The campus has already taken several steps towards
reducing its electricity use and becomingparei gr eener 0 campuientinfThese st
the construction of the new buildinggast Hall and The Bartlett Center. East Hall, the newest
residence hall recently constructed, was aimed to achieagdrship ifEnergy and
EnvironmentaDesign (LEED)silver certification, a step above l@EEED certification which
certifies a certain level of environmental sustainability. The Bartlett Cevitezh is registered
with the U S. Green Building Councilises innovative architectural methods to reduce the load
on its lighting and aiconditioning systems. Also, the Sustainability Taskforce, which is
comprised of students, faculty, and staff appointed directly by the president of WPI, has
launched the availabilitgf Zipcars for faculty, staff, and students, and has equipped the Alumni
Field with three large solar powered LED path lights. While this group conttheesefforts to
monitor,reduce costandreduceenergy usage at WPI, there is however, much more room to
improve the environmental impact of the already present buildings. Wiasliag technical
institution, and as such, should serve as an example for integrating technology with
environmental responsibility by tracking its electricity use.

1.2 Background

In the past, there kabeen a number afroups that have done thénteractve
QualifyingPrg ect s (1 QP0s) focusing on energy 1Issues
AMonitoring Electricity Consumption on the WP
is being proposed in this paper. The repattich was prepared foine Plant Services
Department at WPI, evaluated the present stat
building-by-building basis. It included a comprehensive report of the electricity meter
functionality for several dormitories and academic bogd and also presented a short and4ong
term plan to i mprove the school 6.Fheiafrojetti ty t o
idea never came to full fruition and it was concluded that many of the meters were not
functioning properly, and untihey were repaired, a breakdown of percent electrical usage by
each building was not possible. Unfortunately for them (and us), there was no singopatet
for information on WPIO&s present electricity
administration about which meters were working, what they were recording, and for what
buildings theyprovided data for. Furthermgreo analysis of electricity usage data to observe



any emerging trends has been d@wethey had to start from scrat€urrently, there is no plan

to install upto-date energy monitoring systenlsit it is necessary to instalich systemm at
leastal | of WPI &6s main facilities in order to
unnecessary expenditure.

1.3 Project Statement

Unlike the project of 2007, which studied the electrical consumption of the entire WPI
campus, this project focuses on just one of the buildings: Higgins Laboratories. According to one
of the graphs illustrated in the 2007 project, HigginssLiglshown to be a main consumer of
electricity, as can be seenkigurel.l, which ultimately led to our decision.

Figure 1.1 Average Usage/Day of WPI's Main campus (Mwh/day)

This project built upon some of what the first started and ultimately carried their ideas
further. Given the short 6 week time span for thiglit, and knowing thatgeforming a detailed
energy audit for duilding as large as Higgins would Ae/ery timeconsuming and complex
process, it waivery importat to figure out early on what wethe important elements that
neeckdto beaddressed. It was decided that the khgaVentilation and Air Conditioning
(HVAC) systems, lighting systems, and computing systems were to get the most attention.

r



Ultimately, the energy audit of Higgins Labs broke down the electric consumption of the

building and is shown ifigurel.2.
Figure 1.2

Higgins Labs Total Electric Consumption by Component

CCUs
0.27%

Projector

0.67%
Incandesce
f’;g’; Computers
"9970 4.19%
1.4 Methods

For the analysis of the present HVAC system, the equipment schedule/specifications
schematic wasbtained for Higgins Labs. We also met with Norman F. Hutchins, head of the
HVAC systems here at WPI, on more than one occasion. He informed us that during weekdays
the system is turned on at 6 a.m. and is left running until 9 p.m. when it is completatyfsh
During weekends, the system is turned on at 7 a.m. and shut off at 3:30 p.m. and on vacations
and holidays the system is completely off. In the equipment schedule, there were over 80 motors
listed that ran all of the pumps and ventilation systérhe.summation of their individual
contributions added up to a total1¥45.34 kWhor a weekday daily power consumption and
1102.36 kWhor a weekend daily power consumptiohablel1.1).



Table 1.1 HVAC System Motors and Their Corresponding Power Draws

Voltage
Quantity HP Req. Instantaneous Weekday Run  Weekend Run Weekday Daily Weekend Daily
Power Draw
V) Power Draw (kW) Time (hr) Time (hr) (kwh) Power Draw (kWh)

8 1/3 120 1.99 15 8.5 29.83 16.90

13 3/4 120 7.27 15 8.5 109.06 61.80

6 1 120 4.47 15 8.5 67.11 38.03

6 11/2 120 6.71 15 8.5 100.67 57.05

20 1/4 120 3.73 15 8.5 55.93 31.69

4 2 120 5.97 15 8.5 89.48 50.71

1 2172 120 1.86 15 8.5 27.96 15.85

2 3 120 4.47 15 8.5 67.11 38.03

1 20 120 14.91 15 8.5 223.71 126.77

1 5 120 3.73 15 8.5 55.93 31.69

9 1/6 120 112 15 8.5 16.78 9,51

6 1 208 4.47 15 8.5 67.11 38.03

3 71/2 208 16.78 15 8.5 251.67 142.62

2 5 208 7.46 15 8.5 111.85 63.38

3 20 208 44.74 15 8.5 671.13 380.31
Total Power

Draw: 129.69 kW 1945.34 kWh 1102.36 kWh

After performing a general energy auditistprojectdevelops an energy profile of the
average class room, lecture hall, office, computer laboratory, and machine shop through several
case studies which focuses primarily on their own individual energy consumption and patterns of
use. A KillA-Watt meter wasised in order to determine the electrical consumption, in
kilowatts, by each and every device plugged into a 120 volt outlet. Each piece of equipment was
classified based upon its electrical consumption. The CAD drawings of the floor plans for
Higgins Labswereobtained and used to classify each room as an auditorium, standard
classroom, office, computer lab, laboratory, machine shop, conference room, bathroom, hallway,
stairway or closet. For each room, all switches, lights, and any electronics or piegagpment
such as computers and projectaere catalogued by number and by electricity consumption.

The intensity of lighting was determined for each raord hallwayusing a LuxMeter and

compared to CcupationalSafety andHealthAdministration (OSHA)standards to illustrate over

lit areas Simultaneously,@adings were taken periodically from the main electricity meter in

Hi ggi ns & b pedod af @ays in brader to develop a baseline for the electrical use at
Higgins LabsAdditionally, for cne day, the electricity meter was monitored every hour on the
hour to develop a profil e fThisinfarrAatiddavgs i n t he
tabulated and used to allocate, with a certain degree of accuracy, the electrical consumption of
the HVAC, lighting, and computer systems in Higgins Labs.

10



WPI uses over 10,000 kWh per month and has a demand of over 200 kW, putting the
campus in the & category of billing rated&VPI currently purchases electricity from National
Grid, who sends an employee to take a meter reading from 183 West Street once a month. The
bills are comprised of a variety of different charges that fluctuate throughout the year. The
individual charges #it WPI incurs from National Grid are presented here in this paper in detail
for your convenience and comprehension. This
money is going and what exactly is being paid for.

The electricity bills from January 20660 pr esent for WPI 6s mai n
from records at the Facilities Department. The information on these electricity bills were put into
an excel spreadsheet to generate tables and graphs reflecting the patterns of electricity usage and
costfor the past three years at Wdd can been seenhigurel.3.

Figure 1.3 Average Kilowatt Hours Used Daily
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1.5 Recommendations

With the information gathered from the energy audit of Higgins Laboratory, the case
studies, electricity bills, and the HVAC system, these are the key recommendations being made.
They are arranged in decreasing order of importance.

1). An ongoing relationship with National Grid (NG) needs to be developed and their
resources utilized.
2). A full scale professional energy audit should be purchased and performed.

3). Functioning meters should be placed on every building on campus inmlsster
utilize the Energy Profiler Online program National Grid offers.

11



4). Replace ALL incandescent bulbs with preferably LED lights, if not, then fluorescent
bulbs.

5). Decrease light levels in most all rooms and halls by 20% and up to 70% ommore i
some areas.

6). Occupancy sensors should be installed in all classrooms and auditoriums.
7). Outfit all CCUGs on campus with an on/ o

National Grid has many services available to their clients to aid in creating a more energy
efficient wald. Mike Thompson, iGe mp| oyee who directly handl es
explained that when East Hall was buN paid approximately $200,000 dollars for having
energy efficient lights, chillers, and ventilation motors installed. He pointed ouh#ratare
also many programs that can help defray the costs in retrofitting current lighting and HVAC
systems in existing buildings. These programs are called incentive programs. The incentive
means that depending on how efficient the new upgraded sigst@naas long as the minimum
requirements are met for energy savigs, will pay WPI back a specific amount of money for
each change madBeveloping a strong relationship with Mr. Thompson, and the NG company
will aid greatly in continuing to make pdisie changes to the campus at a greatly reduced cost.

Once the campus has a professional energy audit performed, NG will pay the campus back
a minimum of 45%, and up to 100% of the cost. A professional audit is essential in determining
what the best methdd for beginning to reduce all around campus electrical waste. The
information gathered from the study of Higgin
demonstrates that a high percentage of its electricity used is wasted energy.

NG has a prograroalled the Energy Profiler Online (EPO). This program is an online
dat abase that catalogs a variety of informati
fifteen minutes this program takes a reading
built in tools that will plot consumption from multiple time periods together on one graph. This
makes comparing usage from different months and years more convenient. The program can do
many different things, and will be a key tool in monitoring electpedterns. In order for this
program to be utilized at its full potential, functioning electrical meters first need to be installed
in every campus building.

Higgins Laboratory still contains incandescent bulbs in a number of its rooms. Each of
these bulb consumes almost 6 times the energy of the fluorescent bulbs that would replace them,
and up to 75 times the energy a LED light would use. Just replacing the incandescent lights with

12



fluorescent bulbs would result in a conservative savings estimateiatumirof $3,800 a year.
With LED bulbs the minimum conservative savings estimate would be $4,500 a year. Installing
the latter device would have a payback period of 2 months.

The majority of rooms in Higgins Laboratory are over illuminated. According toabe
studies only one room is under illuminated. Every classroom, bathroom, hallway, stairwell, and
office is over illuminated. The data shows that these spaces can have their light levels reduced
anywhere from 20% to 70%. This reduction in lighting lewgbuld more than qualify WPI for
National Gridébés incentive programs. This mean
renovations, offsetting the initial cost.

After speaking with Norman Hutchins from the Facilities Department, who is in charge
of the HVAC systems here at WPI, it can be <co
improve the current system without replacing it with a newer system. Qgttagne is a more
efficient system out there on the market as technology continues to improve over the years,
especially since the current system was issued for construction in July of 1994. The payback
period and inconvenience to install a new systecostly and unreasonabhgth a budget of
only $30,000 to work witlandfurthermore therés noimmediatereason to do so.

With that being said, your savings with the current system are going to come from the
installation of occupancy sensors and,S&rsors. So far, there are about a half dozen installed
on campusThe success of the CO2 sensor, currently installed in Salisbury Labs 305, has been
monitored between the dates of 3/19/0923/09 since its installation. The data shows fan run
time hours seaed as a result of the installation of this device. Initially on 3/19 in this room alone,
the ventilation fans were running for 337.59 hours. Now as of 4/23, the fans were running for
152.02 hours. The fan hours saved were 185.57 hours wihiidspond$o a 54.9% decrease; a
substantial save in just one room aloBee can only imagine the amount of savings incurred if
these sensors were to be installed throughout the camghsws that efforts have been made
towards the efficiency matter, but stiysof the ultimate goal.

The research and work performed here will be valuable information for multiple groups
of WPI 6s community such as the Sustainability
wide efforts for energy and resource conservatidre dampus savings may prove to help in
keeping more consistent tuition costs during these tough economical times. This would directly
affect students, and it is therefore important that everyone is made aware.

The informationin this projecwill settheg ound wor k for future | QF
andwilst i mul ate WPI 6s awareness onh unssimmeessary e

13



and cost effective solutions to major and obyv
This in turn willimproe WPl 6 s environmental i mpact on soci
for other institutions by integrating technology with environmental responsibility.

WPI has 36 Computer Control Units (CCUs). These units are not capable of a true
shutdown, where thelectricity being pulled is less than 1 watt. Equipping each of these systems
with an outlet switch that has an on/off button will take care of this i$3gergl1.4). The
payback period is estimated for one CCU by purchasing one switch. If the switches were bought
in bulk the price would drop as well as the time for payback. In order to keep the estimate
conservative, it is assumed the CCU is in its lowest power st&0 watts when not being used.
I n actuality, the CCUO6s have a program that p
fifteen minutes. People utilizing the rooms have been advised by Network Operations not to shut
the computers down during the wkesince they have this standby program. Due to this fact, the

computers are almost always found in their nominal 140-dvatting stage.
Figure 1.4 Outlet Switch

In a worst case scenario, the CCU will beuge from 7am
until 10pm. This would mean that it is not in use eleven hours a c o O
day. This assumes that every professor and group using the rot .
will need the CCU for their entire hour, and that none are teach
from the whiteboards. This was done to make she payback
calculation is conservative. Shutting the CCU off for eleven hou
a day, assuming it is pulling 50 watts and WPI is paying 14 cen 1 1
kWh, equates to a payback period of just less than 5 months. T a
warranty on the switch covers a full yewhich is over double the |
conservative payback period estimate.
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Chapter 2 Background

2.1 Intro

The backgroundontairs historical and current infanation regarding energy related
research, laws, and technologigsited States Energy Act of 2005 a®@&HA standards for
lighting areexplored Federal committees such laSED, Leadership in Energy and
Environmental and Design, aRERC,the Federal Energy Regulatory Commissiane
explained WPI Sustainability Task Forcand demographicrediscussed, alongith campus
energy projects. A detailed method for performing a full scale energyispdilvided andgrant
andfunding opportunities areovered.

2.2 United States Energy UseHistory

Since the 28 century there has beemancreasinglemand in the Ured Statesfor
industrial and residential electricityhe earliestarge scalenrergy production was performed in
thermalpower plantsvhich utilized conventional steam turbinpswered by the burning of coal.
In more recent times coal ideen replaced mew energy sourcebut the steam turbines are
still typically used today. Avancements in science, technolparyd with new discoveries,
natur al gas and oil were wutilized to produce
1950sFigure21.Uni t ed St ates Energy Consumpigda on by So
representation of the exponential growth of energy used by the United States.

Figure2l.Uni t ed States Energy Consumptfon by Source in ¢
43-
Petroleum
m_
Hydroeledtric
Pover
m-

Nuclear
Electnic

10 - Povier

LT JL L TR AL L L) WAL IS NELJPR KRR 15 LIS TR T T % A A T o 73 TR L L TR 7 71 0 7
650 1675 4700 726 7SO0 1775 1800 1826 1860 1875 1900 1925 1950 1975 2000

Since the oil embargo of 1973, energy auditing and improvements to the energy
efficiency of new buildings have become increasingly popular. Interest in energy audits in recent

L hitp:/iwww.eia.doe.gov/iemeu/aer/eh/frame.html
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times has increased as a result of a growing understanding of human impagiobpbn

warming and climate changehis is reflectedrigure2.1. United States Energy Consumption by

Source in

Q u whetre petrdleunoamd nBtlird) gas consumption drop around 1975.

Simple steps have been made by the populous to reduce energy usage in daily life such as

turning off lights when not in use, rgging incandescent lights with fluorescighting,
shutting down competswhen not in use, and replacing old technologies with new.

ut

In the electrical industry, i.e. U.S. power plants, steps have been made to develop and

il ze technol|l mgn risndg ocodlc| ememmrewabl e
geothermal, hydroelectric and tid&his is ilustrated inTable2.1 which gives totals and a
breakdowrfor energy consumption from 2002 to 2006.

Table 2.1. Detailed analysis of US energy consumption in more recent yedrs

U.S. Energy Consumption by Energy Source, 2002006

(Quadrillion Btu)

Energy Source 2002
Total® 97.684
Fossil Fuels 83.994
Coal 21.904
Coal Coke Net Imports 0.061
Natural Ga8 23.55¢
Petroleurf 38.227
Electricity Net Imports 0.072
Nuclear 8.143
Renewable 5.893
Biomas$ 2.706
Biofuels 0.309
Waste 0.402
Wood Derived Fuels 1.995
Geothermal 0.328
Hydroelectric Conventional 2.689
Solar/PV 0.064
Wind 0.105

2003
97.971
84.386
22.321
0.051
22.897
38.809
0.022
7.959
6.150
2.817
0.414
0.401
2.002
0.331
2.825
0.064
0.115

2004
100.051
86.191
22.466
0.138
22.931
40.294
0.039
8.222
6.261
3.023
0.513
0.389
2121
0.341
2.690
0.065
0.142

2005
100.161
86.451
22.795
0.044
22.583
40.393
0.084
8.160
6.444
3.154
0.595
0.403
2.156
0.343
2.703
0.066
0.178

2006
99.398
85.307
22.452
0.061
22.19C
39.958
0.063
8.214
6.922
3.374
0.795
0.407
2.172
0.343
2.869
0.072
0.264

@ Ethanol blended into motor gasoline is included in both "Petroleum” and "Biomass," but is counted only o

total consumption.
® Includes supplemental gaseous fuels.

¢ Petroleum products supplied, including natural gas plant liquids and crude oil burned as fuel.

9 Biomass includes: bio fuels, waste (landfill gas, MSW biogenic, and other biomass), wood and wood deri'

fuels.
MSW=Municipal Solid Waste.

Note: Data revisias are discussed in Highlights section. Totals may not equal sum of components due to
independent rounding. Nenenewable energy: Energy Information Administration (EIA), Monthly Energy Rev
(MER) December 200DOE/EIA-0035 (2007/12) (Washington, DC, &amber 2007,) Tables 1.3, 1.4a and 1.4

Renewable Energy: Table 2 of this report.

2
http://www.eia.doe.gov/cneaf/solar.renewables/page/trends/tablel.html
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There is a 2.4% increase in Usam 2002 to 2005, a large increase over a very short
periodof time. Due to this increase, a large scale energy policy was formed and put into effect in
2005.A decrease of aboft762% in usage can be seen in the numbers.i$a small victory,
but demonstratethat even with a growing population, it is feasibbd continue reducing our
energy waste.

The United States Department of Energy was founded in 1942 during the development of
the atomic bomb. Until the 1970s energy crisis, their focus was nuclear power and proliferation.
At that time it was determineddhJ.S. needed unified energy organization and dexedop h
1977, the Department of Energy Organization Act was passed placing all U.S. government
energy agencies and programs under one unified department. This department has been
responsible focoordinating the U.S. energy efforts in high risk energy technology research and
development, energy conservation, nuclear energy and weapons programs, as well as national
energy data collection and analysis

2.3 Creating Sustainable, Energy Efficient, Green Buildings

United States companies and industries are under increasing pressure to address their
sustainability performance as bottom lines are being squeezed by energy prices and climate
change which threatens the viability of energy. Many companiesnieoiie importance of
energy efficiency asnergy prices continue to rigéne could expect that profitriven
companies would be the first to move towards higher efficiency, but that is still not the case. It is
surprising that very few companies havieeta advantage of opportunities to incorporate energy
efficiency into their building stock even though a general agreement exists that widespread
savings are clearly availaBlaVith the Energy Policy Act of 2005, companies are automatically
eligible for takx deductions of as much as $1.80 per square foot if improvements to their energy
systems were to be made. Those savings alone can help offset initial investment costs.

There are many barriers that slow or even prevent the incorporation of energy sfficienc
measures which include tenant and/or occupants, financial, building design, etc. According to
studies, the primary obstacles institutions, industries, businesses, etc. face in increasing energy
efficiency are listed below.

3 http://lwww.energy.gov/about/origins.htm

* Info gathered through conversations with National Grid Employees
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Obstacles Face in Increasingekgy Efficiency
1 Investment Allocation
o Companies may prefer to allocate their funds towards the core of their business
rather than reducing utility expenditure
1 Initial Investment Cost
o0 Many companies beliewbat applying energy efficient measures to new buildings
require higher initial expenses, higher than conventional methods.
1 Life Cycle Analysis
0 Many companies only ahae initial costs when considerimgplementing
energy efficiency measures and forgetalculate the reduction in costs possible
for the life of the building. A life cycle analysis is required to look at expenditure
of energy for the life of the building.
1 Misaligned Incentives
o During the development of a building, the allocation of fungsskew the
construction to one area anather. For example, am efficieté¢sign budget can
lead to larger mechanical systems in a building than what is required which leads
to higher operational costs.
1 Risk Factors
o0 Benefactors and/or lenders may not ip@yate value with the use of new
technologies and may find it too risky. Any uncertainty with new technologies
may result in a higher interest rate with loans or mortgages which may result in
diminished returns for the company.

Today when a structure i®img built it can achieve a ranking based on how green and
sustainable it isThe United States Gea Building Counsel has created LEED, tleader in
Energy and Environmental Design green building ranking systaese buildings receive
LEED certificaton of either Basic, Silver, Gold, or Platinulatinum is the highest rating and
requires extensive planning in the design of a structure from beginning to end. The Oregon
Center for Health and Healing located on the Oregon Health and Science Uniargitysc
received this top ranking in 2007.

5 . .
http://dukespace.lib.duke.edu:8080/dspacefieish/10161/417/1/MP_elm17_a_200712.pdf
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Figure 2.2 Oregon Health Centef

Figure2.2is a photo of the
Oregon Health Center. It is
currently the largest United
States health center to achie\
such a high level of efficiency
The solar panels acting as
shades can be seen above
windows similar to awnings.
These also collect electricity
for the building. Other
buildings have also achieved
the Platinum ranking, around
30 or so in the whole country.
The basic ranking is much
more common.

2.4 WPI History and Background

WPI is taking steps towards a fAigreenero ca
buildings. One of its newest buildings, The Bartlett Center, is registered with the U. S. Green
Building Council, and uses innovative architectural methods to rededeat on its lighting
and airconditioning systems. Also, the newest residence hall that was recently constructed, East
Hall, was aimed to achieve LEED silver certification, a step above basic LEED certification
which certifies a certain level of enviroemtal sustainability. There is, however, much more
room to improve the environmental impact of the already present buildings. WPI is a leading
technical institution, and as such, should serve as an example for integrating technology with
environmental regmsibility by tracking its electricity use.

5 http://www.ohsu.edu/xd/research/centarstitutes/neurology/neuromusculdiseasecenter/newclinic.cfm 4/1/09

19



http://www.ohsu.edu/xd/research/centers-institutes/neurology/neuromuscular-disease-center/new-clinic.cfm

Sustainability Taskforce

WPl is a significant consumer of energy in Worcester County. Recently, the president of
WPI had established a Sustainability Task For
coodi nati on f o-+wide/dRortdirsenergy amd resource conservation and reduction
in the harmful environmental impacts of our operations, all directed toward enhancing the long
term sustainability of WPI&s acei ai paes. and Mb
recently, tlis taskforce mpl ement ed t he use of Aumhikied power ed
The taskforcalso launched the availability of Zipcars for faculty, staff, and students, and
continue their efforts to monitor and reduce gyarsage and costs at WRlany of the
buildings on campus do not have working energy me@rgently there is no plao install up
to date energy monitoring systems in all of W
electricity consumption and idéfy unnecessary expenditufggure2.3 shows campus yearly
electricity use for a ten year period.

Figure 2.3 WP | 6early glectricity consumption over 10 years

Total Yearly Electricity Consumption
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The Alumni Field has been equipped with three large solar powé&fgath lights(

7 http://www.wpi.edu/About/Sustainability/climateprotection.h#ll/09
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Figure2.4. Solar poweregbath lights Figure2.5. Closer look at solar light
They were installed on Septembef"Z®08, and were cheaper than installing an electrical
system for conventional lighting. According to Fred Dimauro, these lights have increases safety
onthe field and on the walk to Harrington Auditorium.

Figure 2.4. Solar powered path light$ Figure 2.5. Closer look at solar ligh?

OnMarch8'2009, WPI 6s East Hall was nominated &
America Award. Over 2,500 projects othatensive projects were considerdéams
developing these projects worked hard to attain a high level of sustainability. East Hall has
become a well known successful green building.

8 http://www.wpi.edu/About/Sustainability/76786.htm
9 http://www.wpi.edu/About/Sustainability/76787.h#/09
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