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Executive Summary

The Macalester Collegéreenhouse Gdmissions Audit, conducted by the 2008
Environmental StudeSenior Seminar class, compilélch c a | e st eequivalentc ar bon
emissions dating from 199¥006. This audit satisfies tiAanerican College and University
Presdent Climate Commitment mandate signed on to by Macalester College President Brian
Rosenbgy as part of the ACU Presidertlimate Commitment. The data collected will be
used to supplement further resear chissiom abat.i
and serve as a baseline for future carbon audit calculations.

The Clean AirCool Planet Carbon Calatbrtool was used to complete the audit. The
calculator waglivided into 6 sectionenergy, transportation, solid waste, agriculture,
refrigerants and offsets. The energy sector includes both electricity use and heating in all 63
buildings that Macalester owns and represents the greatest amount of emissions on campus
(annually 7680%). Transportation, the next largest emissions sertoydel the
commuting habits of students, faculty and staff, coliegeled travel, both ground and air.
Additionally, food, recycling and sewage were examined to provide the most complete view

ofMacd ester 6s i mpact.

eCO2 Emissions MT

Fiscal Year

Figure X1: Annual eCQ Emissions 1992006. Data included carbon dioxide
emission equivalents from electricity, heating, transportation, and waste manage




Results:

In 1990 Macalester College emitted 17,930 tonsaobon dioxideequivalentgeCOy).

In 2006,the most recent year for which the dags been compiled, the Collegmitted
26,824metric tons aCQy, as shown in Figure X.1. Carbon dioxide equivalsra number
that converts alGHGs into a standard unit of heat trapping capa€ityer the last sixteen

years Macalester emissions haveri9,248 tons, an increase of 51%.

Fleet 110 Air Travel
5,244

Heating 9,038
Commuters

= “

Fertilizer 7

Electricity
11,931

Figure X.2 2006eCQ, Emissions Peentages. In fiscglear 2006, Eectrical
consumption represented 4emiZsionsfwhilteatng!| e

accounted for 3%.

Electricity: 11,931 MT eCQ@ (44% of overall emissions)

In 2006, electricity was the most substantial source of,ef@ssions at Macalester

College. This total is comprised of kilowatt hours (kWh) consumed by all&&Mster

owned properties. Macal esterés current

supplier for the Twin Cities. Macalester also owns a smaltampus wind turbine
generator; howevethis offset source is proportionally insignificant.

On-Campus Stationary9,038 MT eCQ (34% of overall emissions)

el

A Onoampus s tefars to thennaturgl gas and fuel oil burned to produce steam to

6

ecC



heat the campus buildings. Tloigtegory ishe second largest sourceMfi c al est er 0 s
emissions in 2006The Macalester heating plant operates on three kinds of energy: fuel oil #2
(used quite rarely), fuel oil #6 and natural gas.
Airline Travel5,244 MT eCQ (20% of overall emissions)

Ma c a | saglinestravéranks third in emissions and includes all student, faculty
and staff travel paid for by the College.

CommuterTransportation 964 MT eCQ (2% of overall emissions)

Mac al e st e rtéasspodatiamwategoreis comprised of efflamps student,

faculty and staff transportation to campus. This sector was divided into two pieces; the first
used GIS mapping software to calculate actual distancesofpus students, faculty and
staff lived from campus. The second group used two onlinegsi to analyze commuting
frequency, modes of transportation, automotive fuel efficiencies, and a handful of other
personal commuting habits.
Fleet:110 MT eCQ (<1% of overall emissions)

The 2006 fl eet category ewnedsvehglessreferring al | M
to all rental vans anBacilities Servicesnaintenance vehicles.
Solid Waste24 MT eCQ (<1% of overall emissions)

Macal ester s wast e c avaste gatuesyrom ai 63dMacaipsteri s e d ¢
owned properties. In 2006, Macalester disposed of 413 tons of solid waste with most of it
transported to a local incinerator.

Agriculture (Fertilizer) 7 MT eCQO, (<1% of overall emissions)

The fertilizer applied omampus contains nitrous oxide@, a potent GHG. It was
calculated that 7,444 Ibs of fertilizer was applied in 2006, with a nitrogen content of 25.28%,

contributing 7 MT eC@Q



Additional Categories

Macalester also researched emissions from sewageafmbrecycling. Although not
included in the CACP calculator, it is believed that these are important sources of emissions
and should be tracked as well. In 2006, sewage,&€@ksions were estimated at 43.5 MT
eCQ, more than waste and fertilizer comdnRecycling was calculated as an offset of 15
MT eCQ..

Recommendations:

Il n addition to a quantitative analysis of
report also explores the deficiencies in record keeping needed for a GHG inventory at
Macalester Cdége. The results found in the 2008 CACP Carbon Audit were carefully
calculatedyet remain vulnerable to discrepancies due to poor records and/or a lack of
information.

Data Recommendations:

The annual energy report should be modified to includgaalland electrical
consumption by Macalester and High Winds properties and should automatically calculate
the inputs for the CACP Calculator.

The accounting system should be changed to track international and domestic flights
seperately, as well aso@rd miles traveled for reimbursements and rentals.

Commuting habits to and from campus should be surveyed each year to track ¢hanges
both coming from Macalester efforts to reduce personal car use in communting and due to the
projected impacts of riseéis energy costs across the economy.

Solid Waste, Refrigerants and Food either lack or have podtygdata and should be
addressed so that these can be accurately calculated. The food system in particular is a very
large source of emissions nationwaledi although beyond the technical capcity of this

reporti its omission needs to be addressed.



GHG Emissions Reductions Recommendations:

Heating/Cooling and Electricity is the largest sector of emissions and presents the
greatest opportunities for rections. The College should perform a campide energy
audit and commit to investing in all proejcts with a 10 year or less payback on investment.
This will not only achieve significant emissions reductions but will help to insulate the
College from thecurrent rapid rises in energy costs.

There should be a campusde building code that addresses minimum levels of energy
efficiency and insulation for all new construction and remodeling. A clear example would be
to require all new projects to be 3@%ove MN building code requirements.

Of total transportation emissions, 88% comes from air travel. Macalester should create
easily accessible telecommunication facilities on campus and encourage these to be used in
place of travel this will have a gnificant financial impact as well as reduce emissions. The
College could also allocate a certain amount of money for each college funded$R@ghfor
example to invest in energy efficiency on campus. While not technically an offset, this will
creae a funding stream to reduce emissions and create energy cost savings. The Clean
Energy Revolving Fund provides the perfect mechanims to operate these investments

through.
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1. Introduction

Global climate change refers to the predicted climatic shifts caused by changes in
atmosphericomposition. Increases in concentrations of greenhouse gases (GHG) reduce the
amount of infrared radiation (heat) that reflects back into space. This greenhouse effect can
di srupt the eart hos citmosharamientlymaises awge globa t v o f
temperatures. Over the past centgtgpal averagéemperatures have risen 0.7 degrees
Celsius. Alarmingly, a 0.2 degree increase per decade is predicted if greenhouse gas
concentrations continue to rise at their current rates.

The most sigificant greenhouse gases are carbon dioxide)G&ater vapor, ozone,
and methane (CHlL CQ,is responsible for 60% of the increased greenhouse effect, and it is
one of the GHGs directly linked to anthropogenic sources, gb@issions, which began
increasing in the early 19th century, have spiked dramatically in the last hundred years. This
increase is likely the result of anthropogenic,CBe most significant of which is the burning
of fossil fuels such as coal, oil, and natural gas for transportafiectricity and heating.

The acceptance that anthropogenic sources are increasing GHG emissions has resulted
in multiple effortsby many actorso halt the growth of emissions. On the international stage,
actions include the adoption of the UN Framew@onvention on Climate Change and the
1997 Kyoto Protocol, a global commitment to reducing GHG emissions. The Kyoto Protocol
established 1990 emission levels as a baseline for the highest acceptalelee®0O Though
the protocol entered into force 2005 following ratification by Russia, it has not been
adopted by the United States. Instead, the impetus for reducing emissions in the US has
come from local agreements, including the American College and University Presidents
Climate CommitmentACUPCQ.

The ACUPCCwas designed to organize institutions of higher education to respond to
11



climate change by neutralizing greenhouse gas emissionsAQUWBCCdeveloped from the
recognition that climate change requires immediate response from all areeetyf @0d,
thatcolleges and universities are in a unique position to take action and educate about climate
change. ThACUPCCrequiresan institution to takenventory ofits GHG emissionsto
createa concrete plan for achieving a set deadline for ¢eémeitrality, and totake
immediateaction to reduce emissions. Sustainability must become an integral part of
c o | | wideecarsculaand it must makall of its sustainabilityrelatedinformation and
plans available to the public.
Macal ester Coll egeds Pr e aCUPEGINtFebBlaryadi n RO s e

2007and acts aa member of thdCUPCCLeadership Circle. In the past yelfacalester
has hired a sustainability manager, instituted a subsidized bus pass program ardl require
energy star appliances to be purchased in order to fulfill the requirements of the program.
Additionally, the building for the new Institute for Global Citizenship is being engineered to
meet the requirements of the Platinum Level of the US Green Bgi@ouncil Leadership in
Energy and Environmental Design (LEED) program. Constructing buildings to LEED
standards requires a dramatic shift in the way that campus buildings are conceived, created,
and operated with an emphasis on efficiency and-tengdurability. The operating costs for
this buildingwill be substantially less than a typical building of similar size and location.

Macalester students, staff, and faculty have been making significant efforts to reduce
Macal ester 6 s c dditibndorthe efiorts snade to fuléll thkGUPGC The
past endeavorsf theinstitution and studerdrganizations on campus have created the
necessary foundation for many of the current programs at Macatesewrery strong

Students have been very activeamvironmentahnd sustaiability issues through
student organizations suchtag Macaleste€Conservatiorand Renewable Energy Society

(MacCAREYS), Minnesota PublidnterestResearch GroupMPIRG), MacBike, and
12



Macalester than Land and Communitfealth(MULCH). MacCARES in particular, has
initiated a wide range of environmentaflycused projects. It is currently the largest
environmental group on campuwéth more than 30 students regularly attending meetings
and morehan 20 projects going at any given time. MAREShas been instrumental in
creating the Clean Energy Revolving Fund (CERF), a system whereby savings from current
energy efficiency projects are reinvested into future efficiency proj&ttglents in
MacCAREShave also installed two green roofs on cangnudencouraged the Atalester
community to act omopics ranging from water privatization and energy waste to local
economic development.

The following GHG emissions assessment was compiléddfypring2008
Environmental Studies Senior Seminar students using the Cle&oAirPlanet Campus
Carbon Calculator. The first requirement of &&UPCCis that participating colleges and
universities conduct a GHG emissions assessment. This carbon audihisathstep
Macalester as an institution is taking to develop a for climatiality. In order to reduce
GHG emissiongthe College needs tmderstandvhere emissions come from and what
guantities are being produced. The report discusses and presents data on significant sources
of GHG emissionat Macalester from 199@missions. The report is divided into two
sections: data requested by the carbdeuéator, and sources of GHG emissions that are not
required by the CACP calculator but that are pertinent for a carbon audit. afdees that
pertain to the calculatanclude transportation, energy use, waste management, agriculture
(fertilizer) and oftets. The transportation section evaluates all transportation funded by the
college, as well as students' and employees' daily commutes to and from Macalester. The
information that is not included in the calculator, but is included in this report, $siems
data from sewage, recycling, and food. When put together, the two sections represent

Macal esterédés tot al carbon emissions since 19
13



eCO2 Emissions MT

Fiscal Year

Figure 1.1:Annual eCQ Emissions 1992006 Data included concerns carbon dioxide
emission equivalents froelectricity, heating, transportation, and waste management.

As shown in figure 1.1, emission levels for Macalester College have increased since
1990. For every year, transportation, electricity and heating representaieaflhe carbon
dioxideemissions There is a period of decrease in emissions after 1997 until about 1999.
This decrease is due in part to Macalester College using a greater proportion of natural gas
instead of highly polluting fuel oils in the campus heating plant.

Inadditon t o the quantitative assessment of
report includes a summary of other actions on campus around sustainability and climate
change. These parts together will provide a more complete understandin@oflthe e g e 6 s
contribution to climate change. This report is meant to serve as a baseline for Macalester's
future carbon footprint assessmefis well as a model father university audits.

This report will explain how and why the various data sets were collectedl It
provide the College with a framework to set a goal for emissions reductions as well as
provide recommendations to-sé&ructure record keeping systems to facilitate monitoring in
the future. The report also recommends ways that the College caendifiand effectively

reduce GHG emissions.

14



2. Heating/ Cooling and Electricity

Fleet 110 Air Travel
5,244

Heating 9,038
Commuters

=

Fertilizer 7

Electricity
11,931

Figure 2.1:2006eCQ, Emissions Peentages. In fiscal year 200GgEtrical
consumption represented 4emiBsioosfwhiltMeatng!| e
accountedor 34%.

Introduction

Heating/Cooling and Electricityepresent the largest source of e@@issionsand
includes all energy used directly by the 63 on campus buildings, as well as numerous rental
properties that the College owns in the surrounding commufig. College used over
13,000,000 kWh in 20067, accounting for 44% of emissions. Roughly 868,gallons of
fuel oil and 43,000 MCF Natural Gas were used on campus, while contributed 34% of total
emissions.Macalester College heats its buildings with steam produced by three boilers and
purchases electricity from Xcel Energy, the local utilityypder. Electricity is used to power
all mechanical equipment, lights, electronics and some heating on campus. It is also used to
cool the campus during the summer months. This is the energy source that members of
Macal est er 6 s ¢ o mmuchabilityto inflaenceas it ishighlyrauseeptibled i r e

to behavioral changes.

15



Macalester uses a mix of natural gas and fuel oils #2 and #6 to heat campus. Natural
gas is a fairly clean energy source with relatively 80, emissions, but is usually more
expensive than other options. Fuel oils #2 and #6 are often cheaper than natural gas, but
highly polluting and vergCO,i nt ensi v e. Macal esterds steam
central plant that are used to producerstéaheat the main campus buildings, and smaller
natural gas furnaces in several of the auxiliary campus buildings. The campus heating load
does not vary independently of weather; this makes it difficult for individual student, faculty
and staffoehavioréchanges to reduce the amount of energy needed for heating. -fetamg
reduction in the amount of heat required weicessitata large investment in campus
buildings to improve insulation and efficiency.

Heating, cooling and electricity are respotesitor 70% to 80% of Macalester
emissions. Electricity is a slightly larger percentage than heating butesicibutesone
third to one half total emi ssi ons. Due to t
emissions from the steam plant vary greadpehding on which fuels are cheapest in a given
year. Electricity emissions have risen only slightly over the last 17 years as Facilities
Services has increased campus efficiency, which has been partially offset by an increase in

demand due to the rise pérsonal electronics and appliances.

16



eCO2 Emissions MT

Fiscal Year

|I Electricity O Heating |

Figure 2.2: Electricity and Heating Emissions 192006 Electricity is
consistently responsible for greater amounts of géifilssions thaheatingbut
the difference varies greatly as a result of different rtgns of fuel types used
each year in the steam plant.

Methods
The first category is electricity. Macalester recorded electrical purchases from Xcel
Energy, the local power utility. In addition to kilowatt hours (kWh) purchased, the calculator
alsorequires information about the generation sources for this elggtsach as coal,
nuclear, hydrelectric and windetc. The calculator provides regional averages used to
estimate the GHG intensity of electricity production for MacaleStdiege. Thecalculator
uses the kWh purchased and the generation technique to calculate the GHG production.
The next significant part of Macal esteros
College purchases natural gas each year from Xcel Enefggltthe steanplant,heat water
on campusandheat individual properties, such the High Winds buildings and faculty
housing,. The amount of natural gas purchased each year vanesngreasonsthe most
obviousbeingthevariability of the weather, which is stdardized into heating degree days
(HDD) for clear comparison year to year. In addifibacilities Services also purchases fuel

for the steam plant based on ¢est when natural gas is cheaghe amount used rises. The

17



heating plant also uses fuel 86 and on rare occasionfjel oil #2 The calculator
differentiates between distillate oil (##4) and residual oil (#86). Residual oil (#6) is
generally cheaper than distillate oil (#2) but much dirtier in terms of green house gas
emissions. It ismportant to remember that either type of fuel oil is considerably less
desirable than natural gdsit both are normally cheaper. The faglountsare recorded as
million British thermal units (MMBtu) of natural gas and gallons of fuel oil.
The calcul#or also records renewable energy sources Macal ester és only
campus renewable energy is a small wind turbine on camish provides a limited
amount of kWh to the campus. The turbine produces about 1300 kwWh annually, less than 1%

of total campus consumption.

Facilities Services is responsible for the energy consumption of the college and for
running the steam and chilling plants. Their annual energy report includes the total amount
of natural gas and fuel oils used to run the steamt plwell as the main meter electrical
readings that include electrical use for the twenty major buildings on campus. Macalester
owns and is responsible for 80 different buildigg3 heated and conditionédildings and
17 unheated garages) Xcel Enegy was contacted to get all of the data not covered in
Macal ester Coll egebds Annual Energy Reports.
by buildings outside of Facility Serviagannual report was missingutXcel Energy was
ableto providedet@ld ener gy and natur al gas bills for
back to 1999. The sets of data from Facilities Services and Xcel Energy were then combined
to find the total amount of kWh of electricity and MMBtus of natural gas used. Xcejy¥ner
also provided the carbon intensity data for the electricity prodyatibich provided more
accurate numbers from the calculator. Heating degree day degabtained from the

Minnesota Chamber of Commerce.
18



Results
Although the report contains heaj/cooling and electrical usage from 1990 to 2006
only the years 1999006 are the actual usage numbers from bills. The years1B®Bwere
estimated based on those bills and so are less accurate. The extrapolation process is detailed
below in the sa@n Data Accuracy.
Campus electrical consumption has remained relatively steady over the last eight and
a half years. Macalester does have a history of focusing on energy efficiency, but there has

been a marked increase in attention paitl ¢oerthe last few years.

14,500,000
14,000,000

13,500,000

13,000,000

12,500,000

12,000,000

11,500,000 I

11,000,000 - . . . T T T T

1999 2000 2001 2002 2003 2004 2005 2006

Fiscal Year

kWh

Figure 2.3Electrical Consumption (kWh) 1998006 This graph includes all
kWh purchased for Macalester owned buildings includingampus, Highwinds
properties. rental properties and residences.

Natural gas and fuel odonsumption are harder to evaluate due that levels of
consumption are strongly influenced by price and weather, which can spike consumption
regardless of conservation efforts. The aftermath of Hurricane Katrina dramatically increased
the price of fuel o8 resulting in an increased use of natural gas in the following years. Other
than the recent shift, natural gasds consump

usage on the other hand is more variable year to year as prices have fluctuated.
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Figure 2.4 Natural Gas ConsumptidiMCF) 19902006 This graph includes all
natural gas purchased for Macalester owned buildings includicgmpus,
Highwinds properties, rental properties and residences.
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Figure 2.5Fuel Oil Consumptiol9932006 This graph represents the amou
of fuel oil numbers 2 and 6 used by Macalester College in the steam plant t¢
on-campus buildings.

20



—8— Heating —=— Electricity —— Total Emissions

2005

30,000
25,000
|_
S /‘/\/‘\A\‘N /\.//
»n 20,000
5 —y N
(7]
£ 15,000
=
o .’_.’_l—l_l—l—l/._._.\'/.’/._._.—_-\.
o 10,000 -
s A
D] )/.\./.\.\
"o =y v
0 T T T T T T T T T T T T T T
o — (aN] (90] < L0 (o] N~ o] (@] o — (aN] o <
(@] (2] (@) (@] (2] (@] (@] [e)] (@] (@) o o o o o
(@] (o] (@] (o] (o] (@] (@] ()] (@] o o o o o
— — — — — — — — — — N N N N N
Fiscal Year

2006

buildinas.

Figure 2.6 Total Energy eC@Emissions 199006 This graph shows the
eCQ created by heatingnd electricity consumption of all Macalester owned

Discussion

Trends

It is important to note that in recent years, as the use of personal electronics and

appliances

has rapidly increased,

Mac al

relatively steady and has begun to show a small decline over the last 4 ye&rs. patiern

has not been the norm for the country over the past two decades. A continuation and

expansion of this focus on energfficiencyis essential to addressing GHG emissions.

21
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Figure 2.7 Heating eCQEmissions by Fuel Source 192006 The yess that
exhibit the highest levels of emissions are those in which more Fuel Oil #6 wa
consumed. The purple line represents predicted emissions if Macalester Coll
were to move away from using Fuel Oils and instead purchase only natural g4
heating

Residual Oil #6, the most commonly used type of fuel oil on campus, produces 1.47
times as much eC@er MMBtu as natural gas. The quickest and largest step that the
College could take to reduce emissions, although not necessarily theastestective,
would be to officially move away from fuel oil and initiate a policy of only burning natural
gas. In 2006if Macalester had only used natural gas and no fuel oil, total campus emissions
would have been reduced by approximately 1,953 mens eCQ@- an immediate 8%
reduction in campus emissions for the year. Natural gas can be substantially more expensive
per MMBtu than fuebil, which must be accounted for in any fuel policy decisions, however
it is the quickest large reduction thaetCollege could make. There are no necessary
mechanical changes or equipment upgrades to move to burning only natukdgalester

could switch immediately if the additional cost could be budgeted for.
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Data Accuracy

The energy data for Macalester vefficult to accurately track. In theory, the energy
data should be the easiest, since it is tracked monthly and billed, and it is relatively
straightforward to convert between the various fossil fuels and their energy content and
carbon intensity. Macaster College has prepared an annual energy report for the last several
years; however the report only tracks the buildings on the central heating plant and is
insufficientfor the purposes of the GHG inventory. Copies of the Macalester utility bills were
obtained from Xcel Energy back to 1998s far back as the utility keeps records, and then
extrapolated backwards to estimate the amounts of fuel used frorL 2980

In order to extrapolate, all the heating fuels were converted to million cubidfE&)(
natural gas equivalents and then the annual MCF/heating degree day (HDD)/square footage
(SQFT) was calculated for the entire campus. This helps to account for changes both in
weather and the overall size of campus during the years1¥8 The MCHDD/SQFT
was then averaged for the 6 years of Xcel bills. This ratio was then multiplied by the SQFT
of campus and HHD for each year 198898 to calculate an estimated MCF natural gas for
each year.

In order to estimate the total number of kWh udedng the 19941998 period where
there was no billing records the kWh/SQFT of campus was determined, and then used to
calculate total campus electrical usage based on the changes in SQFT. This extrapolation
also does not account for changes in KWh/SQ$&ga, but it is difficult to accurately predict
whether it should be assumed that overall campus usage relative to campus size would
increase or decrease over time. The efficiency of electrical equipment improved substantially
during the 1990s and wouldVepushed campus electric usage down over, thowever
the rise in personal electronics could have increased electrical consumption. In the end, it

was determined that it was best not to try to accommodate these ¢lenipesweretoo
23



unpredictable.

Data Recommendations

In the futurethe energy portion of carbon emissions should be the easiest to track, as it
is simply a matter of recording the monthly bills. Facilities Services has begun to examine
how to redo the energy report format in order to make it more effective anftiasdty in
the future. Provided here is an outline of how future reports should be processed:

1.Track everyMacalester property including High Windawdividually, which would in
tumcreata r ecord of each buildingds iegner gy
energy efficiency projects in the future.

2.Rework the formabf the energy repotb make it easier to use and verify.

3.Setup an auditing system to check the Macalester report against the utility energy bills
each year to veriftheiraccuracy.

4.Make theenergy report available on the Facilities Services and Sustainability websites
so that it is easily accessible to the wider community. At the moment most of campus
is not aware of the annual report.

Macalester College should consider an incentive systeamcourage staff to actively
pursue energy efficiency opportunities to save money. At the moinstaiif use work time
to investigate possible savingkey are likely to fall behind on normal work, creating an
economic disincentive for staff to trg save the college money. If someone is able to
discover and carry out a project that generates real savings then they should get a portion of
the savings for personal gain or as an addition to their department budgets. This creates an
incentive for memeérs of the Macalester community to identify and follow up on
opportunities, and could save a substantial amount of money in the future, especially as

energy costs continue to rise.
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3. Transportation

Transportation is central to our lives andtothestudy Macal est er 6s gr e«
emissions. In 2003, emissions from transportation made up 27% of greenhouse gas (GHG)
emissions in the United States, increasing from 25% in 1990. In a 2006 report, the
Environmental Protection Agency (EPA) found that gheerse gas emissions from
transportation grew by the largest amount of any economic sector during this period.

According to the US Department of Energy (US DOE), energy use for transportation is
expected to increase by 48% between 2003 and 2025, andogmisscarbon and other
GHGs can be expected to rise accordingly unless low GHG fuels are developed and used on a

wide scale during this peribd

't has been said that t?andtrabspdrtatiendnfluBricest e s i ¢
thewaycitesarbui | t, food is grown, and the economy
modes of transportation emit large amounts of GHGs, especially carbon dioxige (CO
Humans use cars, trucks, buses, aircraft, boats, trains and pipelines to move ourselves and our
goods across neighborhoods and around the world. In the United States, 62% of

transportation emissions come from personal light duty vehicles.

At Macalester, transportation constituted 22% of total GHG emissions in 2006.
Commuting, campus fleet and &ravel are the largest emitters of GHGs within the

transportation sector, and thus the report will focus on these three.

Air travel makes up the largest part of GHG emissions with 20 percent of the

coll egebs emissions and kemitedvenehiyear3 OfdtclaD and 5,

1 U.S. Environmental Protection Agency, Office of Transportation and Air Qualiyeenhouse Gas Emissions
from the U.S. Transportation Sector: 192003 March 2006. Pp. 7.
2Wells, Chris.Car Country: Automobiles, Roads and the Shaping of the Modern American Landscape, 1890
1929.
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transportation emissions, 88 percent comes from air travel. Commuting, in contrast, makes

up a relatively small portion of the coll ege
total emissions coming from faculty, stadihd offcampus student commutes. The campus

fleet, which consists of all Macalester owned vehicles, is an even smaller portion of the

coll egebs tot al GHG emi ssions making up | ess

emissions and just two percent rHrisportation emissions.

Fleet 110 Air Travel

Commuters

/ 9

5,244
Heating 9,038 |

Fertilizer 7

Electricity
11,931

Figure 3.1 2006 Transportation Emissions by Sector
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Figure 32: Emissions percentage breakdown for 2006. Transportation represent
of overall emissions. Of the total transportation emissions, 88% come frtnawvair

10% from commuting and the final 2%
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Figure 3.3: Annual eC£emissionsrfom the transportation sectoAirline travel
makes up the largest sector of emissions, and is also the most variable. Emissio
from commuting ad from purchased gasoline have stayed relatively constant, wi
slight decrease over time.

27



Transportation is divided into two subsections. The fiastises orfaculty, staff and
off-campus student commuting patterns; the second has data fansgfidrtation paid for by

the Collegd including gasoline for campus owned vehicles and reimbursed flights.

Commuting

Introduction:

Faculty, staff, and student commugipatternsnake up a relatively small percentage
of GHG emissions each year, emitting less than 750 metric tons of MTpeC{eaii two

percent of total emissions.

According to American Community Survey (ACS) data released by the U.S. Census
Bureau, Americans spd more than 100 hours commuting to work each year. For the nation
as a whole in 2003, the average daily commute to work lasted about 24.3 minutes. This is
higher than the average commute time for Minnesotans, which was reported by the ACS in
2003 as 2T minutes. The Twin Cities have a still lower commute time, with Saint Paul

coming in at 21.0 minutes, and Minneapolis at only 20.2 minutes.

Fossil fuel based transportation has a si
the United Statesalagg part of an individual 6s carbon f
and from work because most parts of the country lack an efficient and extensive public
transportation systent-aculty, staff and a small portion of the student body make up the

Macalestecommuting community.

The calculator requires commuting data to be split into faculty, staff, and student
inputs, and calculates each separately depending on mode of transportation (i.e. personal
vehicle, bus, walk, rail etc.). The calculator requires fiputs for each mode of

transportation to calculate carbon emissions
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al one, 0 Apercent carpooling, 0 Apassenger tri
Apassenger mil es/ tr i p.obfacultyand stafi domreuting habitsi s da't
was conducted, and the commuter miles per trip were calculated @Ggbgraphic

InformationSystems (GIS) program using faculty, staff, and student addresses from archived

records.
Methods:
Survey

The data for three of the five categories necessary for the commuting patterns portion
of carbon calculator were collected using two surveys. A 2006 Environmental Studies senior
seminar conducted a survey of-cmpus student commuting patterns. OWG8 students
who lived off campus, 113 responses were collected. This survey was augmented by another
survey conducted by the 2008 Environmental Studies S8eioinar thatollected
information about transportation habits and gasoline consumption gatteonf Mac al est e
faculty and staff This survey was sent by email to all 728 faculty and staff working at the

college, and 290 responses were received: 93 from faculty and 197 from staff members.

The questions in the 2008 survey were bagethe surveyconducted by the 2006
Environmental Science class; however, they were tailored to fit the information needed for
the calculator. The 2006 student survey was originally created to collect information about
Macalester's general carbon footprint and thereforgained questions with answer choices
that were not specific enough for the purposes of the GHG inventory. Therpfestions

were edited and answer choices made more precise for the 2008 staff/faculty survey.

The surveys provided percentages foufgg staff, and students traveling alone and

% Survey Appendix
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carpooling. Because this data was unavailable for previous geatenttravelwas

extrapolated based on the 2006 survey, and faculty and staff based on the 2008 survey. In

both, respondents were asked npldt choice questions with answers given in ranges. For

example, respondents were asked how many rtypglper week they made to campus and

given choices like 3 or 45 trips per week. To calculate the inputs for the calculator, the

mean of the rangeas used, assuming that an equal number of people came to campus 2 or 3
times. This number was doubled to calculate one way trips per week, and was then divided by
five working days. The fi nadaytnpgdayp! t hwas a n

numker called for by the calculator.

The survey directly yielded results for t
carpoolingéwvayand itphsed daoynbe cat egor i es. To cal
days in the school year was used for facaftygl students. For staff, 240 days a year was used
for all years, which represents 48 fiday work weeks allowing an average 4 weeks of

vacati on. Gl S software calcul ated the final

Staff and faculty also frequently leave the collémeerrandsthereforethe survey
asked faculty and staff how far and how many returs they make away from campus per
day, besides their daily commute from home. This category was not originally called for by
the calculator, but because of the eagk which it could be adapted to commuting patterns
and the additional carbon emissions created by trips made for errands, it was deemed a
necessary addition. For each question about errands, the median of the range was again
used. These answerswerelmui pl i ed by two towapt@iinpsheéawnd
The average distance was also calculated from the survey responses, and added into the
calculator in the Oo6miles/tripbd col umn. Trip
commuting patrns because the average trip made was much shorter than the average
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commuting trip. Thus, for faculty and staff, the additional carbon emissions generated from

errands was added to the emissions for commuting to calculate total transportation emissions.

Geographical Information Systems

Calculating faculty, staff, and student commuting distances required three steps: data
collection, data organization in GIS, and computation of final distance numbers. All
Macalester address records were kept in the skatadase, which could be accessed through
one IT technician. However, access to each of the records required permission from different
departments. The Provost was able to grant access to faculty records, Human Resources
access to staff records,and®e gi strar access to student rec:
in separate spreadsheets, categorized by faculty, staff, and students. This data listed the last
known address of each person in each of these categories. All addresses for faculty and staff
back to 1990 were accessible, and all student addresses back through 1998. A sample of

student addresses from 199993 was also available.

A Geographidnformation Systems softwatkatmanages spatial data, performs
spatial analyses, and createaps ArcGIS 9.2was used to calculate the distance from
faculty, staff, and student homes to campus. A standard Nad83 projection was used in
ArcMap as well as tiger line files from the U.S. Census to import a roads layer that would be
used to compute driving steances. The tiger line files are shapefiles that can be imported into
the GIS software from an online database as a layer of information in the map. Maps were
then created by geocoding the addresses for each year and for each category of person (i.e.
faculty, staff, or student). In some instances, the software was unable to find an address, and
in these cases, the nearest address on the map was used, or the address was discarded if no
close address could be found. Fewer than 2% of all Minnesota addmeseetiscarded for

each map. In all, 18 maps for faculty, 18 maps for staff, and 13 maps for students were
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created.

An origin-destination cost matrix was then created using the Network Analyst
extension of ArcMap. This matrix can calculate distances fraltiple origins to
destinations by following the least cost path distance along a road network. The geocoded
address layer was used for origins, and a point layer for Macalester, geocoded at its 1600
Grand Avenue address, was used as the destinafiatrices were run for each map and
ArcMap calculated the distances from each origin to Macalester. These distances were
represented in the map by a fAilinesod shapefil

for each address to the college. Thesethides were then exported into a spreadsheet.

In the spreadsheet, meters were converted to miles for each of the disaaddégn
both the mean and the median distances for each year were found. The mean is significantly
higher than the median for eaghar, which signifies that more people are commuting shorter
distances than longer distances, but that a few people are traveling very far. This is consistent
with the maps, which show a majority of people commuting from within the Twin Cities
Metro Areg with a heavier proportion commuting from neighborhoods surrounding the
college, and three to five outliers coming fréam away areas such as Duluth and Northfield.

(Appendix A

Because the mean for each year heavily weighted those few commuters who lived
farther away, and the median did not fully account for them, an average of the mean and
median was taken for each year. This average of the mean and median commuting distances

was plugged into the calculatorés 6miles/ tri
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Fiscal Year

—e— Faculty —s— Staff —a— Off Campus Students

Figure 3.4. Average Commutes (Miles) 198@06. Y-axis represents miles
commuted. Staffiave a much longer average commiitan faculty. The average
student commute has consistently been b&owniles.
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Figure 3.5: Median Commutes (Miles) 199006. The medians are more
constant than the mean, and are consistently lower than the mean. Thes
trends show that the majority of faculty, staff, and students live close to
campus, but a few ougks, who live as far away as Duluth, are raising the
mean.
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Results:

To obtain eCQ@emissions calculations, results from the surveys and the commuter
distances were inputted into the € calculator. Emissions were highly dependent on the
total number of faculty, staff and students commuting each year, the number of school days

per yearand to a lesser extent, the average distance traveled.
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—a— Faculty/Staff Commuters —8— Student Commuters

Figure 36: Total eCQ Emissions from Commuters 192006 Macalester is not a
commuter campus for students thus emissions from commuting are produced |
by faculty and staff. Staff makeg @& larger proportion because there is more stal
than faculty and they tend to have longer commutes and work more days pery

Discussion

Trends

Total carbon emissions are relatively static over the 18 year period, fluctuating in
relation to the changes in populations for faculty, staff, andafipus students. Also, the
number of days per year that faculty and students travel to campus ie8uéedotal carbon

emissions. In years where Macalester hadesird (19901994), more GHGs were released.
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On average, faculty travel fewer miles per commute than staff. Over the past 18 years
faculty commute distance has gradually decreased. $t&dhdes increased during the early
1990s, but subsequently decreased, and have been lower in the past few years than in the
early 1990s. Student commuting distances fluctuate anriutdly median distance hovers
around 0.6 miles. This shows that thgamniéy of students live within walking distance of
Macalester. The slightly higher mean average commuting distance shows that a few students
have longer commuting distances each year. However, even this average has remained under
two miles for the 18 yageriod. Unfortunately, the total student body data was unavailable

for the years 1994997, thus the extrapolation may have skewed the results.

Data Accuracy:

Survey

Since it was impossible to collect data from respondents other than those currently
working or studying at Macalester, the data entered into the carbon calculator had to be
extrapolated in order to fulfill the requirements of entering data back to 1990. This along with
other issues, such as the survey being voluntary and the fact thatsattsa@me of the
survey questions are based on human memory, and the possibility of social pressures to
appear greener, creates problems with the survey itself and that data that it produced. These
problems will create some inaccuracy in the final dabalpeced by the carbon calculator.

More accurate record keeping could yield precise total numbers in the future. Using a new
student survey would have also yielded more accurate results, but because of &rteek of
anddoubtthat as many or more resposseould be obtained than in tB806survey, a

second best option was chosen.
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Geographic Information Systems

There are a number of probl eimegadsatodatansi de
collection as well as analysis. First, the addressabsargeonly those last known for faculty
and staff, thus the addresses represented may not be reflective of the actual addresses for
where they lived while working at Macalester. Because of dhisof state addresses were
erased that were obviously nbetreal commuting addresses for faculty and staff. Another
thing to consider in the calculation of the addresses is that Network Analyst calculates route
distance based on shortest road distances from one point to another, and this may not be
representate of the actual route that faculty, staff, and students take to the college. Lastly,
student addresses were unavailable before 1998, except for a small sample between 1992 and

1994. Therefore the only truly accurate years for students are the year$393.

MacalesterFunded Air Transport and Fleet

In the last year, Macalester spent $1,609,012 on transportation and by doing so
released a significant amadust GHGs into the environmeniThe College funds
transportation in a variety of ways, which includes gasoline reimbursements for staff/faculty
travel, gasoline and diesel fuel used by the campus owned and leased fleet of vehicles,
provided for student use, and air travel for collegjated trips. The College funds flights to
bring in speakers, to send faculty or students to conferences or to bring prospective students
to campus. While transportation does supportribtutional mission, these miles flown and
gall ons of fuel burned are 19% of Macalester

possible.
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Methods

In order to quantify eC@emissions produced yearly by Macalester funded
transportation, the calculator requirte@ number of airline miles traveled by students and
faculty each year, and the number of gallons of gasoline used by the campus fleet each year.
Records of spending on travel over the past eighteen years were requested from the Budget
office. The datadr the last year and a half was readily available, and came in units of dollars
spent per year in four categories, gasoline, airline travel, ground transport, and
mileage/tolls/fees. Travel data for the preceding 16 years, however, were grouped into
categries that included not only airline or gasoline prices, but also hotels, medlsther
fees However, numbers from the budget office were the most accurate data available. Each
college department and office is required to report all expenses tadgethoffice so the
budget records include multiple transportation sources grouped together consistently from

year to year.

To find whatpercenage of the travel budgewasspent on airfarghe amount spent
on airtravel dollars spent on airfare for tlast year and a half was divided by the combined
total of all travel categories. This percentage was then applied to the total yearly amounts
spent on travel from 1990 to 206#éarfareyi el di ng

expenses

The categorydr gasoline included figures on gasoline spending that are outside the
scope of the calculator, such as reimbursements for faculty and staff gasoline use for trips in
their personal vehicle. Facilities Services had a record of gasoline purchases ior2006 f
campus owned vehicles. This was then divided by the total college 2006 budget to calculate
what percentage of the budget is spent on gasoline. This percentage was then applied to the

annual budgets from 199005 to estimate gasoline purchases fordise of the years.
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Calculations for annual airfare and gasoline spending yielded a dollar amount which
was then converted into miles traveled and gallons burned respectively. To do this a
cents/mile conversion factor for airline travel from 12906 wasobtained from the Air
Transport Association of America, and a cents/gallon conversion factor for Midwest gasoline
prices from 1992 to the present was found on the US Energy Information Administration

(EIA) website.

There were separate airline cent/mile conversion factors for domestic and
international flights. These were combined into weighted average that assumed 12% of
flights were international and 88% domestic. This breakdown was recommended by
Sustainability Maager Suzanne Hansen based on her previous experience calculating airline
emissions for the University of MN. The 2006 conversion factor was used for 2007, which

the EIA did notestimate

Similarly, the 1992 gasoline conversion factor was used for 1990981d Once a
conversion factor was established for each year in each category, dollar values for airline
travel and gasoline were converted to cents (by multiplying by 100) and the conversion factor
was applied to the calculated yearly values for aitiiaeel and gasoline. This yielded
annual values in miles traveled and gallons purchased for airline travel and gasoline, which

was tlen entered into the calculator

There was no way to separate faculty travel from student travel as required by the
calcdator. These categories are both included in the airline travel number, so the single
value was entered into faculty and staff business with the assumption that all necessary data

would be represented.
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Results

The carbon calculator took miles traveladairplane and gallons of gasoline
consumed and calculated the net e@®A. Gasoline consumption shows an increasing trend
from 19901998 at which point it begins to decrease until 2006. The total airplane miles have
steadily increased since 1990. Tisismportantbecausehe number of miles traveled by
airplane has a significantly higher contribution to the total GHG emissions than does gallons

of gasoline consumed.
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Figure 3.7: Macalester Fleet Gasoline Consumption(Gal) -2096. Annual
gallonsconsumed are based on the percentage of the budget spent on gasol
2006. The figure illustrates an increase in gasoline consumption until 1998
followed by a subsequent decrease in.
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Figure 3.9: Macalester Funded Travel e®missionsl9902006. This is a
combination of the Macalester Fleet and sctemansored air travel.
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Figure 3.10Relative % eC@Emissions Gasoline and Airline Travel 2006his data
represents the amount that airplane travel and gasoline consumphitatalester College
contributes to the net MT eGQOf air travel and gasolind he data was calculated by taking
the sum of the yearly MT of C@mitted by gasoline consumption and the sum of yearly N
of CO, emitted from airplane miles traveled. The figishows that airplane miles traveled
contributes more significantly to the amount of &itted than gallons of gasoline
consumed.

Discussion

Trends

The net MT eCQcalculated reveals thatiles traveled by airplane haedarger
proportional effect on the amount of e&€nitted than gasoline consumed from ground
travel by campus owned vehicles. Travel by airplane is known to be a large source of CO
emissions. Macalester funds flights abroad for faculty research,sadmiecruiting, and to
fly in international perspective students coming to visit the college. Fostering
internationalism is a fundamental value of Macalestarch means that air travel will

continue to be a large source of the colleges overall GHGEmss
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The trends in gasolineonsumptiorshowa sharp decrease after 1998 and again in
2002. This decrease followed by a period of increased consumption until 2002 is
unexplainable. The decrease in consumption after 2002 can be explained becad@®@®om

2006 Facilities Services added five electric vehicles to the campus fleet.
Data Accuracy

The data used for the calculator is relatively simwlgch prevents a deeper analysis
of the reasons behind the trends. Part of the expenditure of gasoline by Macalester comes
from college owned vans that are used by various classes, clubs and athletic teams. The
calculator does not take into account wiyaes of vans Macalester owned 20 years ago.
This data could reveal if the trend of decreasing gasoline consumption after 1998 is because

of a switch to more fuel efficient vehicles.

The cents/miles conversion factor for air travel is different farmdtional and
domestic flights. The data keeping system did not distinguish between expenditures for
international versus domestic flights. However, it was assumed that 12% of airfare spending
is for international flights so a weighted average was tesedlculate the cents/mile
conversion factor for domestic and international flights. How much money Macalester
spends on international flights is unclear. The decision to use a weighted average was made
by the sustainability manager who had experietemiicing international airfare proportions

from previous carbon audfts

It was decided to use the data from Facilities Services and not from the college budget
concerning the amount of money spent on gasolThis is because the Budgdfice

included dé&a such as faculty gasoline reimbursements that are outside the scope of the

“Suzanne Savanick, Macal ester Collegeds sustainabilit

for the University of Minnesota in 2007
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calculator. The 2008007 data from Facilities Services contained only the amount spent on

gasoline for campus owned vehicles.

The data coll ected f oarn di niiglaelsl otnrsa vgeal seod i bny
not allow for the change in percentage spent on airfare and gasoline to be assessed over time.
The budget data from 206808 included the category air travel, which the previous year's
lacked, from which spending ratios reecalculated and applied to the previous 15 years. The
ratio between spending on gasoline and airfare was thus assumed to be the same for the last
seventeen years, meaning it would not be known if Macalester had started spending more on
airfare and lesen gasoline or viceersa. This is a significant potential source of error in the
transportatiorcalculatiors, however there did not appear to be a more accurate method

feasible.

Data Recommendations

The data keeping system for transportation expesseadequate for the needs of the
GHG inventory. To track student, faculty, and staff address on an annual basis, the
Registrardos Office could require students an
when they validate or turn in their class stilles. This data would be sent to the Provost or
the Sustainability Manager. Staff could submit this data to Human Resources as a
requirement to receive their W2 form. This would ensure full participation, as well as an

efficient record keeping system, izh could be done in a spreadsheet.

In terms of air travel and campus fleet categories in the calculator, the largest source
of error is the airfare figures. This is a result of not knowing the amount spent separately on
international and domestic flights. A list or file of flight destioas should be kept for a

more accurate account of mileage. It will be important in the future to observe trends in the
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changes in airfare and gasoline spending in order to more accurately assess if fluctuations in
GHG emissions are from gasoline consumpbr air travel. This data keeping system would

be beneficial to Macalester College because it whaldtrack emissionandgive a more

accurate picture of college spending. Gasoline spending should be divided into separate
categories for gas consumiedm college owned vehicles and faculty/staff reimbursements

because these data asked for separately in the calculator.
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4. Agriculture

Introduction

Synthetic fertilizers are included in the carbon audit because one of the main
byproductsnitrogen oxide (NGQ), has 296 times the heat trapping capacity of (BDergy
Information Administration 2003). In addition, the production process for fertilizer is
extremely fossil fuel intensive. To make one 50 Ib bag of the commdg-10° fertilizer
(10% nitrogen, 10% phosphorus, and 10% potassium) a gallon and a half of fuel oifis used
While fertilizer is only responsible for a small part of the greenhouse gases that Macalester

produces, it still is important to monitor.
Methods

While fertilizer use has not been recorded over tiis possible to estimate how
much fertilizer is applied annuallyVhile Macalester uses three different types of fertilizers,
the calculator only requires the nitrogen percentage of the fertilizer, so a weightagkavera
was used for calculatiorfSee Appendix CINext it was determined that Macalester annually
applies 7444 pounds of fertilizer with an average nitrogen content of 25%. Since 1990
Macalester has applied 4,000 pounds ofl@10, 36,000 pounds of 480 (Urea), and

94,000 pounds of 18-18.
Results

Fertilizer use at Macalester is responsible for seven metric tons oéqi@valent

(eCO2) greenhouse gases a year. This is equ

®When used to describe fertilizer, the first number stands for its nitrogen content, the second for its phosphorus
content, and the third for its potassium content.

® Proescholdt, Kevin, Minnesognvironmental Briefing BoolSt. Paul: Minnesota. Envinmnental Partnership,

2008. http://www.mepartnership.org/documents/Brief2008.pdf

" Nelson, Jerry.Email Interview,February 15, 2008.
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carbon footprint, and is one of the smallest emitters of greenhouse gases astéliacale
College. Even though a relatively small amount of fertilizer is used each year, the emissions
from fertilizer still have an important effect since nitrogen oxides are such a powerful

greenhouse gas.

Discussion

Trends

The figures that were used talculate the annual application of fertilizer at
Macalester are only an estimate. While there is no way to know for sure what the trend is
over time, it is likely that fertilizer fluctuates annually and has a general declining trend. Over
time there hasden an increase in campus square footage and a decrease in open, green
space. In addition, the football field has a newly installed artificial turf that does not need

fertilizer.

Data Accuracy

There was no data for the annual use of fertilizer at Msisaleo an estimate had to
be made based on the total amount of fertilizer that had been used since 1990, which has been
tracked. This was divided by eighteen (to account for the 18 years being assessed in the
carbon audit) to get the calculator input. Foni s r eason, Macal ester6s

less accurate than desired.

Data Recommendations

In the future a chart should be kept that records the type and amount of fertilizer used.
This number should be compiled annually and recorded so Macaledts use of fert.i

time can be accurately documented.
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5. Solid Waste

Introduction:

At Macalester College waste currently contributes 34 metric tons of a@€ar
which amounts to less than 1% of the total greenhouse gas emissions emitted by Macalester.
The GHG emissions have increased over time as more hasteeesent to a landfill that

captures methane, and less waste beersent to refuse derivedél (RDF) incinerator.

Solid wastes in the United States are disposed of in two primary ways: incineration
andland filling. If waste is incineratedt can either be done in a mass burn incinerator or a
RDF incinerator. If it goes to a mass burn incater, unrefined solid wastes are burned
together in a single combustion chamber. In contrast, if it goes to a RDF incinerator, the
waste stream will first be sorted and then similar types of wastes will be burned together and

used to generate enefgy

If waste is put in a landfill instead of an incinerator, it releases methane during the
anaerobic process of decompositiamhich is a powerful GHG twenihree times more
potent than C@ This methane can be handled in three different wiagan be redased into

the atmosphere, captured and burned, or used to generate electricity.

Landfill waste from facilities that do not capture methane emits more GHGs than all
other disposal options. According to the {CA& calculator, 99 metric tons of egc&re
emitted for every 100 tons of waste put into the landfill. In contrast, incineration emits the

least GHGswith 11 metric tons avoided through incineration.

For every 100 tons of waste that is disposed, four tons will be avoided if incinerated

8 U.S. Congress, Office of Technology Assessmérs.c i ng Americad6s Trash: What Nex
Wa s tWashingtorDC: U.S. Government Printing Office, 1989. 2295.
° Assuming the waste stream contains organic materials.
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in an RDF facity. If disposed of in a landfill that burns methane, 26 metric tons @D
be produced, and 15 metric tons e@ll be created if it is disposed of in a landfill that uses

the methane to generate electritity
Methods

The calculator requires numbafrshort tons solid waste created both on campus and
by properties off campus owned by Macalester. College operations also produce hazardous
waste, biomedical waste, and construction waste. However, for the purposesstiidiyigt
was determined thalhese should not go in the calculaiBee Appendix Bbor details on

other types of waste that Macalester produces).
Campus Buildings

Facilities Services handles and tracks waste removal on campus. After much
investigation, two contradictory documents wegeovered. The first recorded each dumpster
from June 2006 to May 2007. The second had waste weights for the entire college from May
2006 to December 2007. From June of 2006 to May of 2007, dumpsienipsterecords
stated that 295 tons of waste hab disposed of, while the sheet documented 374 tons.
Macal esterds current waste handler Veolia wa
compiling their figures, Veolia was able to report that Macalester generated 234 tons of waste

in 2006, and 2% tons in 200%.

Since Veolia has only been servicing Macalester waste since MaytB89&vere unable

toprovidedat a for the other 16 years. For these ¢

9 These figures are based on the assumptions given by H@FCAnd are not necessarily the case for
individual waste facilities. The assumptidhat the CACap has used to determine these calculations demand
further investigation.
" Walter, Lisa. Phone InterviewApril 8, 2008.
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Allied Wastes was contactédWhile Allied Wastes was missing much of the data, they were
able to provide rough estimates of the amount of waste produced during the time school was
and was not in session. This amounted to roughly 291 and half tons(&sedppendix D

for a summay of estimates on trash from Allied Wast&s)

When Allied Wastes and BFI had waste contracts with Macalester, roughly 95% went
to a RDF incinerator in Newport, Minnesota and 5% went to the Pine Bend L&n&fit the
last few years Veolia has beentakm@p pr oxi mately 25% of Macal est
Recovery Technologies, a RDF incinerator in Newport, Minnesota, and 75% to Seven Mile

Creek landfill, which generates electricity from captured metiane
Off Campus Buildings

There were several obstactesovercome before an estimated amount of waste from
off-campus buildings could be determined. While it was known that Macalester currently
owns 29 residential homes and several retail buildings on Grand Avenue, it was unknown
how this figure had changeder time®. In addition there were no records kept for the rental
homes, so a baseline assessment could not be dete®@eeAppendix D for the current list

of properties that Macalester owns).

The estimate for the rental homes was based on a studfidxy that determined
each home in Ramsey County produces about tfiiypounds of waste a wetk

However, as the quantity of waste coming from businesses varies widely, no estimates from

“Macal esterdés previous trash companies are Allied Was
in1999,scever since they have been regarded as the same e
assumption was made that they would be the same as Allied Wastes.

13 Link, Doug. Personal Interview.14 April, 2008.

14 Allied Wastes.Phone InterviewFebriary 25, 2008.

15 veolia. Phone InterviewFebruary 25, 2008.

18 Cledwyn, SarahPersonal Interview.March 10, 2008.

7 Allied WastesPhone InterviewEebruary 25, 2008.
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Allied Wastes were available. For this reason, it was deciggatmore precise method

would be needed to have businesses self report on how much waste they generate weekly.

Patagonia, Catlan-Do, and Pad Thai, (properties owned by Macalester) were
contacted to estimate the amount of waste created annually.oRatagtimated that they
produced roughly eight Ibs a week and-®&tn-Do estimated no more than forty pounds a
week®, Pad Thai did not know how much waste they produce in a week; as they have
roughly twice as many seats as-®&n-Do it was estimated thatould produce twice as

much waste as Gatan-Do*®. While a rough estimate this was the best available method.

The two properties nabcludedwere Grand Cambridge Apartments and Breadsmith
bakery. Since Grand Cambridge Apartments is composed of stutiergs,assumed that
students would generate roughly the same amount of waste as produced on a per capita basis
on campu®. For Breadsmith, a few months had been recorded, which was then extrapolated

for a whole year.
Results

WhileAl | i ed Wastes and BFI picked up Macal e
approximately ten metric tons of egQffsets each year because of the disposal methods. In
2006 with service split betweesllied Wastes and Veoliapproximately twentfour metric
tons of eCQwere released. Finally in 2007 when Veolia services all Macalester properties

waste accounted for thirfpur metric tons 08CG, (See Appendix Ebr calculations).

The difference in the amount of GHGs has very little to do with ¢cheahamount of

18 Grady, Ellen.Personal InterviewMarch 28, 2008. Adhikari, UjjwalPersonal Interiew. April 1, 2008.

¥ pad Thai. Personal InterviewApril 8, 2008.

% This value was calculated by taking the mean of the tons of waste from the years 2007, 2006, and 2005,
converting them into Ibs of waste created and then dividing by a rough estinttageaonount of full time

equivalent students, faculty and staff at Macalester based on Institutional Research Documents. While
enrollment has fluctuated over the years, there are approximately 1800 students, 300 full time equivalent staff,
and 150 facuilt members
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waste generated. For instance, in 2006, approximately 413 tons of waste was created, but
only twentyfour tons of eC@were released, while in 2007, 336 tons of waste was created,

but thirty-four tons of eC@was released. The differenceamissions can be mostly

attributed to the disposal method since disposal by incineration releases far fewer GHGs than
doesland filling. Changing the disposal method from incineration to priméarid filling

resulted in more eC{emissions. RDF incinerators release negative emissions in terms of

eCQO, while landfills create eC{emissions.

However, this trend does not fully portray the environmental consequences of RDF
incinerators. Incinerators, unlike landfills, produce powéyfcarcinogenic dioxins, thus
switching the disposal met hod caused Macal es
for releasing fewer carcinogens into the atmosphere. In addition, incinerator flue gas
contains other highly toxic chemicals suclcagbon monoxide, nitrogen oxides, particulate
matter, chlorinated hydrocarbons, volatile organic compounds, and trace netalgrast,
while landfills can release some pollutants if not closely monitored, they are generally
considered a lower healttski than incineration byproduétsThe level of pollution controls
on the disposdhcilities thatMacalester waste is sent is unknown, so it is impossible to

calculate pollution levels from these facilities.
Discussion
Trends:

Concrete data on waste quantities only exist for 2007 so trends over time are too

inaccurate to estimate.

Data Accuracy:

ZLy.S. Congress, Office of Technology Assessména ci ng Ameri cads Trash: What Ne
Waste?Washington DC. U.S. Government Printing Office, 1989.-2933.
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While the data discussed in this report was the best that could be found, it is far from
perfect. Waste was not monitored or recorithea consistent and reliable form and it was
difficult to find data that had been collected prior to 2006. Macalester was charged a flat fee
for their contract with Allied Wastes and Bfo there was no incentive for Macalester or
Allied Wastes/BFI to kep records’.Most of the records that Allied Wastes/BF| had kept

were deleted when Macalester terminated their waste contract.

The quantity and destination of waste fromadimpus properties Macalester owns are
not accurate. The number of properties types of businesses has changed over the years,
which has changed the amount of waste creafed the purpose of the inventory the amount
and type was assumed to be static over time because reliable data was unavailable. While
this study made the assption that all Macalester properties were picked up by Veolia since
May 2006 and Allied Wastes/BFI prior to thttisis likely not the case for many of the
properties*The waste generated off campus would likely have been sent to a landfill or an

incinerator in different proportions, and consequently the emissions levels would change.

Grand Cambridge Apartments is another case where the estimated trash quantity is
not very accurate. Thirty students live in the Grand Cambridge apartments and arte@stima
to produce the same amount of waste as the average student at Mactaldsteever this is
not a precise assumption for several reasons. First, the average student, faculty and staff
member all are responsible for different amounts of waste roughiglai®d to how much

time they spend on campus. Also, many students in Grand Cambridge Apartments are not on

2 Not including bulk item like yard waste and demolition waste which are charged separately.
% Link Doug. Personal Interview14 April, 2008.
% pad Thai, a business that rents Macalestared property, for instance is picked up by Waste Management,
who likely sends their waste to different places then Veolia does.
% This value was calculated by taking the mean of the tons of waste from the years 2007, 2006, and 2005,
converting them into Ibs of waste created and then dividing by a rough estimate of timt affiollitime
equivalent students, faculty and staff at Macalester based on Institutional Research Documents. While
enrollment has fluctuated over the years, there are approximately 1800 students, 300 full time equivalent staff,
and 150 faculty members.
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the meal plan and prepare their own mgéls unclear how this affects their waste
generation. These students prgiors and seniorand are mee likely to own cars, making it
easier to acquire disposable goods that later end up in the waste stream. For these reasons, the

estimate given for Grand Cambridge Apartment is not as accurate as it could be.

Data recommendations:

There are several methothat Macalester should pursue to improve waste monitoring. A
file should be set aside specifically for waste bills, and should be recorded aniiinly.
data should be recorded monthly for each individual dums@ece a year Veolia or the
current vaste handler should lsentactedo double check that they are still sending 75% of
their trash to the Resource Recoveries fuel incinerator and 25% to the Seven Mile Creek

Landfill.

To keep track of how much waste comes from off campus properties, raeagate
should be conducted on which companies pick up waste from the various properties that
Macalester owndt should be determineghether it is possible to have those companies send
Macalester annual reports on weights picked up from each propemytas fheir lease
agreement. If this is not possible, Macalester should conduct annual surveys of the properties

to understand how the quantity and destination of off campus wastes is changing over time.
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6. Refrigerants

Introduction

There are sixefrigerants in use at Macalester College since £8%8ehydro
fluorocarbongHCFCs), R22 and R123, have global warming potentials (GWPs) for a
period of 20 yearg R-22 with 5,160 times the potential of carbon dioxide, artPR with
273 times that ofarbon dioxide. The chlorofluorocarbons (CFCs),Rand R12, have
GWPs (also over 20 years) of 6,730 and 10,990 times that of carbon dioxiB8daRa hydro
fluorocarbon has a GWP for the same time period of 3,830 times that of carbon &ioxide.

Data egarding R404a was not available.

In refrigeration systems, a substance is passed through chambers of varying pressures.
At a low pressure, the liquid substance boils removing heat from the surrounding
environment. This process is used for air conditigrand food refrigeration. The vapor is
then pumped to a high@ressure chamber where it is condensed and can be used again and
again in the refrigeration system. When leaks occur, the refrigerant that is released into the
atmosphere can be very harmtoithe environment. Chlorofluorocarbons were targeted in
the Montreal Protocol for their ozomkepleting potential, but they are also potent greenhouse
gases® CFCs and HCFCs are often used as refrigerants because they have extremely low
boiling points atattmospheric pressure. However, they are regulated by the Montreal Protocol

and accounted for in the calculator because of their environmental impact.

% personal interview. Curt Stainbrook, Facilities Management. March 31, 2008.

27 http://www.esrl.noaa.gov/csd/assessments/2006/report Watld Meteorological Organization Global

Ozone Research and Monitoring ProjeReport Number 5(National Oceanicrad Atmospheric

Administration, National Aeronautics and Space Administration, United Nations Environment Programme,

World Meteorological Organization, European Commission. 2006.

2 hitp//www.epa.gov/Ozone/title6/phaseout/22phaseout.Himited States Environmental Protection Agency.

Aiwhat You Should Know about Refrigerants When Purchas
Pump. o 2008.
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Since a typical Macalester school year has only a few months where air conditioning
is needed, the schbses a relatively small quantity of refrigerants. Most buildings on
campus are not air conditioned over the summer; those that are incliRighh®triker
DaytonCampus Center, tHeewitt Wallacelibrary, theWeyerhaeuser Memorial Chapel,
Weyerhaeuser Hla Old Main, Olin RiceScience CenteHumanities, Carnegidall, Kagn
Hall, WintonHealth Servicesthe athletics building, 30 Matester Residence Halhd
George Draper Dayton H&fl Although heating buildings at Macalester has a greater impact
on the collegebdés carbon footprint, it is 1 mp
potency as greenhouse gases. Data regarding refrigerants is not kept on campus, and was

unavailalte for inclusion in this report. Data will be added as it becomes available.

Discussion

Since data regarding refrigerant emissions is not kept at the college, it was difficult to
find this information. To improve the accuracy of the calculator's resuldtsnake the carbon
footprint calculation easier in the future, a copy of data records for refrigerants should be sent
to the college as soon as they are available from the refrigerant company. Although they
represent a fairly small portion of Macalestedsbon footprint, it is still important to be

aware of the refrigerant output of the college.

% personal interview. Curt Stainbrooladilities Management. April 2, 2008.
55



7. Offsets

Introduction

The two offset methods employed at Macalester are forest and prairie preservation
and composting. Preservation is counted as offsegtiegn house gas emissions because
plants sequester carbon. During the process of photosynthesis, plants use light from the sun to
fix CO, into carbohydrates. The carbon gained during this process is then allocated to the
development of different plant tisss, such as roots, stems, and ledV€amposting is
considered an offset because it prevents organic material from decomposing in landfills.
When organic materials decomposes in a landfill the lack of oxygen causes methane to be

created instead of GO® methane is twenty times more powerful a GHG.

Macalester owns the Katherine Ordway Natural History Study Area (Ordway),
located in Inver Grove Heights, Minnesdtéacalester acquired Ordway 1967. The area
was set aside for preservation by the finanmaitributions of Katharine Ordway and is
Afdedi cated to biodiversity preservation, edu
interdisciplinary pr ac®Acomelisg tdthre N&ural Resoorceme nt a |
Management Plan prepared for Oedwby Friends of the Mississippi River, Ordway includes
ten plant communities with an overall area of about 152 &trBer the purposes of the
inventory it was assumed that the plant communities at Ordway are not sequestering net new

carbon. However, tperform a comprehensive inventory of the greenhouse gas emissions of

%0 Thomas M. Smith and Robert L. SmitHlements of Ecolog§" ed. (San Francisco: Pearson, 2006).-106,

111-112, 634.

’Kat harine Ordway Natural History Study Area, AVision
http://www.macalester.edu/bimgy/ordway/vision_statement.html

32 Katharine Ordway Natural History Study Area Natural Resource Management Plan.
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the College and to begin to study carbon sequestration, an estimate of carbon sequestered by

the plant communities at Ordway was conducted.

In the CACP Calculator, the category of offsencludes forest preservation
projects® The calculator requires input values of net new carbon stored each year, not the
total amount of carbon stored in the community. Ordway is not designated as a forest
preservation project, but for the purpose o$ @idit and report, it is included in this

category.
Methods

To estimate the amount of carbon sequestered by the Katherine Ordway Natural
History Study Area, values for the areas of different plant communities at Ordway were
obtained from the Natural Reisrce Management Pl&h.Values for carbon sequestration per
unit of area wer e t aNegative Biafuelsrfrorn boeinpat Highi c 1 e fiCa
Diversity Grassland Biomasso and from a gree
University. The article @scribes experiments in which plots of grassland species sequestered
CO;in soil and roots at a rate of 4.4 metric tons/hectareA)dre greenhouse gas inventory
conducted at Duke University estimated that the Duke Forest absorbs 1 metric ton
COy/acrelyar® The product of area values of plant communities at Ordway and values for
carbon sequestration per unit of area is an estimate of the annual carbon sequestration in each

of the plant communitie§See Appendix E)

Results

#¥Cl ean Air Cool Planet Campus Carbon Calcul ator User
34 Katharine Ordway Natural History Study Area Natural Resource Managétsent

®David Tilman, Jason Hi | |I-Negative Biofugls fom eompet HighDivarsityn , A Car b

Gr as s | an dSciBriceB, mma 5385,(2D06), http://www.sciencemag.org/cgi/reprint/314/5805/1598.pdf.
¥Duke University, ndrglog02 608 uéehGap: | hwew. duke. edu/ sust
Duke%20University%20Greenhouse%20Gas%20Report.pdf
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The estimated total amount cdrbon sequestered by the forest and prairie plant
communities at Ordway is 150 metric tons G@ar. According to Allied Waste,
approximately 2 tons of yard waste is created every month from May to Ot{obisrwaste
is brought to a NRG transfer facylitn South Minneapolis, and then brought to a composting
site in Empire Township known as NRG Processing Solutions. Annually, 12 tons are

composted, which negates approximately 2 tons of,eO@ar®.
Discussion

The Duke forest and the experimental praities that serve as the basis for
estimating carbon sequestration at Ordway differ from the forest and prairie plant
communities at Ordway. The G®@stimate excludes six of the ten plant communities at
Ordway because they were considered incomparableetwthe plant communities
included in this estimate represent about 141 acres of the total 152 acres of plant communities

(93 percent of the total area).

As a result of these limitations, the estimate of carbon sequestration at Ordway is a
rough illustraion. To know precisely how much carbon is sequestered by the plant
communities additional studies at Ordway are necessary. This exceeds the limits of the
Environmental Studies Senior Seminar; however future studies could be conducted by other

academic degrtments at Macalester.

Carbon sequestration by the plant communities at Ordway should be studied and
recorded annually to make future estimates more accurate and precise. Such studies can be

incorporated into coursework, perhaps in the departments afdgyiolr Environmental

37 Up until the end of March in Minnesota the ground is covered in snow, and in April there is not very much
grass on the ground to generatengngrass clippings. In the months May to October the assumption is made
that there will be enough yard waste through mainly grass clippings or leaves to generate two tons a month.
¥The assumption is also made t haaswalldutitismtkecommposts Mac
whether this is the case.
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Studies. Involving students in studies at Ordway is consistent with the Natural Resource
Management Plan for Ordw#yand thémplementation of the Presidentlimate

Commitment'°

These estimates illustrate the scale of offset projeatsvould be necessary to offset
Macalester GHG emissions. The 152 tons g@®et by plant growth at Ordway and
composting is only .56% of Macal esterdés 2006
emissions through forest preservation, it would éeessary to preserve 25,211 acres. While
offsets will eventually be necessary to offset some emissions such as international airline
travel that cannot be avoided at this point in tiofésets will not be able to feasibly balance

out all ofemigsibors. col | egeds

39 Katharine Ordway Natural History Study Area Natural Resource Management Blan, 4
0 ACUPCC Implementation Guide, 6.
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8. Food

Introduction

The Food and Agricultural Organization (FAO) of the United Nations states that the
food and agriculture sector is responsible for generating more than one third of GHG
emissions’ This significant component stems from cheahiand petroleum intensive
practices in transportation, agriculture and refrigeration, lacgée livestock production, and
intensive deforestation that is common practices of the industrial food system.

Unfortunately, most GHG calculators do motlude food analyses in their
calculations.This significant source of GHGs is omitted due to the largely invisible nature of
the industrial food systentStudies have shown that the average American meal travels an
around 1,500 miles before reaching semeré” This distance is accounted for as most food
items travebetweerseveral destinations to be processed, packaged, distributed and sold.
This long chain makes tracking the source of particular food items nearly impossible, and is
further complicatd by the historical lack of incentive for food distributors to keep accurate
records of food sourcedAs a result, the data needed to complete an accurate carbon audit of
a particular institution's food system is currently unavailablewever, despitehe absence
of data and of a standard method for quantification, there are steps that can be taken to
decrease foodds I mpact on gl obal war ming.

Bon Appétit, Café Mac

Macalester College works with Bon Appétit Management Company to provide food
to its stwlents and staff. Bon Appétit operates nationwide and is a leader in incorporating

sustainability into the food service industBon AppétitmanagedMa c al est er 6 s caf e

“1 Food and Agricultural Organization of the United Nations. 2008.

42 Church, Neman. 2005. Why Our Food is So Dependent on Oil. Powerswitch.
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Café Mag¢ the Café Mac Grillethe Atrium Market and also provides catering services for
events at Macalester. Bon Appétit claims to be the first food service provider that has
publicly recognized the connection between food and global climate caadbas
undertaken efforts to reduce their carbortpoiot while maintaining a premium quality food
service®®

Bon Appétit has instituted several programs to reduce the GHGs generated by Café
Mac. The fdPaogram wasinitiatedrirk1999 to source a minimum of 10% of
Caf ® MacoOs pr o-nilecatiss ofwhe ¢clhiool.rCurently, Batalester obtains all
of its milk, cheese, and butter from Hastit@soperative @ameryin Hastings, MNjts beef
from 1000 Hills Cattle Produce (a gréesl beef cattle processor located in Cannon Falls,

MN); and puchases irseason produce from local farmarscluding from students running

the oncampus communitygarden Caf ® Mac hol ds an fallevhete Loc al
they serve a meal using as many local ingredients as possible to focus student, fdculty an
staff awareness. The O0Circle of Responsibili
serves only cagiree eggs and antibiotitee chicken. In the fall of 2006, Café Mac held its

first 100%f Z e r o A&b@pogtablé picnic which has been held onseraester since. The

picnics are sponsored in partnership with Eureka Recycling, a Minnebpsksl

organization working to initiate a largeale composting program.

Café Mac has begun to reduce the total quantities of certain food items with
particulaty high carbon footprints. According to the Climate Action Program, the meat and
dairy industries cause an estimated 50% of fieddted climate change impacts largely due
to the high quantities of methane associated with cattle production (Sample,|2007.)
response, Bon Appétit has reduced the total quantity of both beef and cheese served at Café

Mac by 10% since February 2007. It is possible to make a general estimatiop afez@d

“3 personal Communication. Lori Hartzell, April 1, 2008
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by these reductions based on calculations for the beef and dairfrieslas large. For
example, in February 2008 Café Mac purchased approximately 250 Ibs less than the total of
2,530 Ibs of beef they purchased in February of 2B8Pplying a conservative estimate that
one pound of beef correlates to 18 pounds of carbmdd#, this reduction alone results in a
4,500 Ib net decrease in carbon dioxide in juse ononth**

It is essential that Macalester and Café Mac begin to keep more accurate records of
food purchases so that they may further reduce the impact food. dpgh@aching months
Bon Appétit Management Company plans to issue a statement requiring vendors to provide
the records of their product sources. Macalester should set up a framework to track this data
ornrcampus in order to gauge, as accurately as poskdetheirfood purchasing decisions

are contributing to the production of greenhouse gases

“Fanellis, Daniele. iMeat is Murder on the Environme
http://environment.newscientist.com/article/mg19526134H@atis-murderon-the-environment.html
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9. Sewage

Introduction

The calculator does not have a section for calculating the GHG emissions released
from wastewater sewage systems, althougfag decided that Macalester does want to track
this source. The Coll egebs water usage was
annually. This number was converted into GHGs by an equation provided by a local waste
treatment expert. The amowfteCQ in pounds released at the sewage treatment facility
from Macalester's waste each year from 1990 through 2007 is detailed below. In total, over
the past 18 years Macal esterdéds sewage has en

of carbon dbxide.

All of the water and waste that runs down
sent into the city sewage system. Macalester's sewage flows to the Metropolitan Wastewater
Treatment Plant (Metro), the facility that treats all of the sewag®e severcounty area.

Once the sewage gets to Metro, a first set of tanks settles the sewage and rer669e960

the solids. A second set of tanks grows organisms that consume the suspended and dissolved
solids. The remainder of the solids fromlbtie first and second set of tanks is then burned

in an incinerator. In addition to the G@leased from the organisms in the second set of

tanks the burning process also contributes a significant amount gf G@ce 2004 new

incinerators have beeemoving some of the Cefore exhaustinmto the atmosphere.

There is a small amount of nitrous oxide@) and methane emitted at the Metro Plant.

Some methane is emitted in the sewer system between Macalester and the Metro Plant, but it

is hard to calulate. The following report details how much G€released from

Macal esterd6s sewage because it composes a | a

processing. The other GHGs are not included because they are either immeasurable or
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inconsequential. Sewage provides a great example of the reftgpidretween energy, waste
and water use. Reducing carbon emissions from sewage is possible through the twin
practices of efficient water use by consumers and efficient energy use by the water treatment

facility.

Methods

Emissions produced by Macalessewage was calculated by 1) determining how
much sewage Macalester has created since 1990, 2) contacting an expert from the waste
water treatment plant who provided emission estimates and 3) performing basic calculations

to determine annual Geleases

The sewage is not measured directly but can be estimated by water consumption. The
City of Saint Paul Water Utility bills each customer for sewer services based on their water
flow meter and thus has the water bills from every buildinlylanalester's campus since
1997. These bills provided the total amount of water useggar on Macalester's campus
The data uses units which are the equivalent of 100 cubic feet, so the totals from each year
were converted into gallons by multiplyingah billing unit by 748 (1 cubic foot = 7.48
gallons). Data for years prior to 1997 was extrapolated by multiplying the average amount of
water used per student from 1997 till 2007 by the population data for the year$98800
Determining the total aount of water that flows into the sewage system annually provides

the best estimate of the quantitysefvage thalows to the treatment facility.

The second step entailed figuring out how many lbsc©released for every
gallon of water treated dte facility. A retired environmental and electrical engineer who
worked for 30 years at the Metro Plant helped to determine this conversion. This expert

provided information on both the process sewage undergoes after it leaves Macalester and a
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carbon enssion estimate. At Metro, for every one million gallons of sewage that is
discharged into the system about 3,000 pounds efa@®emitted to the atmosphere. This
does not include the amount of €€@eated while producing the energy required for

operaing the treatment processes.

The final step was calculating the carbon emissions from Macalester's sewage for
every year since 1990. This was done by multiplying the estimated sewage per year in

millions of gallons with the 3000 pound estimate.
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Figure 9.1Sewage eC©OEmissions 1992006

Discussion
Trends

There is one explainable trend in the sewage data which is the low estimate in 2007.
The meter which monitors the pool and gym was shut off on Ma3t@097 due to the
construction of the new athletic facility. The old gymnasium was closed for the rest of 2007

which directly i mpacted Macal estero6s water
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Data Accuracy

There are five weak points in the sewage emission calculations. Firstssuimed
that the amount of sewage discharged from Macalester is equal to the amount of water
consumed. This does not take into account either the amount of solid waste which was added
to the sewage system or the amount of water which did not enter thgessystem (i.e.

water used for landscaping).

Second, the exact locations and measurement areas of several water meters on the
documented bills are unknown. The data that the city provides on the water bills does not
detail building names; they only V&the street address and the billing account number.
Several key buildings are missing from the raw data, and some bills are not associated with
an address or a building name on campus. This can be partially be attributed to the fact that
several of theampus buildings share a water meter, but it also represents the fact that
Macalester and the utility record water use differently. Regardless, these unknowns do not

effect calculations because only the aggregate of the bills is needed.

Third, allofthed at a except Macalesterodés student p
years prior to 1997. These estimates are relatively sound because they reflect the average

amount of water used per student, which has remained relatively constant.

Fourth, the numbers usé¢o translate the amount of water Macalester uses into the
carbon emissions is an estimate. Grattetithe 3,000 pound per million gallons estimate
was provided by person knowledgeabla the fieldwho works directly with the sewage
treatmentcompany it was stil |l his Abest guess. o0 Th
sequestering carbon since 2004 was not taken into consideration because the relevant

information was not accessible.
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Finally, the water bills for HighVinds buildings (propertieswned by Macalester)
are not included because they only showed the price paid which cannot be translated into
gallons. Several of the Highwinds buildings water bills are paid for by FacBiéiesces
such as Pad Thai and Grand Cambridge Apitsorder to simplify this, the water bills for

Highwinds buildings which are not paid by Facilitsrvicesare not included.

Data Recommendations

There are several ways in which the data can be collected more efficiently for the
calculator. FacilitieServicekeeps a copy of each water meter's bill, but they only keep this
information for three years. The water bills for all of the Higimds buildings are in a
separate location and formatted differently than for the rest of the schoolWitghk and
Facilities should total up all of the water bills per year and enter them into a single
spreadsheet. Alternatively, a relationship should be established with Saint Paul Regional
Water Services in which they send Macalester the total amount of wadefrarseall the
water meters on campus each year. An increased amount of attention is being placed on
water consumption and this focus will only intensify; keeping a simple and centralized

archive of Macalester's water usage would be very helpful in theefu
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10.Recycling

Introduction

Recycling can significantly reduce the amount of energy used to create products, preventing
emissions from power plants and transportation. For example, it takes 95% less energy to
recycle an aluminum can than it daesnake a new orf®. With the emphasis on innovation

and new technology, many people ignore recycling, feeling that it is something old that is

already being done. To the contrary, there are many ways to improve recycling programs.

Although there has baea recycling program at Macalester for thieight years, only
recently has it been embraced as a significa
2007 the College implemented a Zero Waste Initiative, headlined by a partnership with
Eureka Recyling of Minneapolis and a renewed commitment to recycling, reuse and waste
reduction on campus. The goal of the initiative is to quickly come as close to generating zero

waste as possible.
Methods

Before partnering with EdealtevkhabyvarMasc al est er
haulers and taken to different places depending on the hauler and the material being picked
up. The college was charged for this service by weight. Yearly records of these transactions
dating back to 1991 were obtained from Facili§esvices. The data was in yearly
spreadsheets with each monthly pickup detailed by material weight and price. Data for 2006
2008 came from Eureka Recycling. This data was all on one table, broken down by material
(such as glass, metal, plastic, gtn)dincluded trash weights and the recycling rate as a

percentage.

“5 http://www.bir.org/aboutrecycling/index.asp
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Results

The records were simplified on a spreadsheet with a graph tracking the total poundage
of each material for each year. Figure 10.1 shows the total poundage as well as the percentage
of each material recycled, unadjusted for missing data. Adjustment was not deemed necessary
because recycling is not included in the calculator. Figure 10.2 is simplified to show only the
total weight of recycled materials per year. It also includes-2302ljusted to be an average
of 200202 and 20034. 200405 and 20096 were removed because they were not
accurate. This should not pose a problem because these numbers do not affect the calculator.
The Eureka records were also included. The data from-@B@&d 200406 is incomplete

for unknown reasons.

The amount of carbon that would have been released had there been no recycling
program was calculated by putting the recycling weights in the waste input columns. To
reflect waste disposal methods, 95%!lw weight was put in the column for Refuse Derived
Fuel (RDF) incineration and 5% in the column Landfill with Electricity Generation for the
years 199€2005. From 2006 on, 75% of the weight was put in the Landfill with Elec. Gen.
category and 25% of it wamit in the RDF category (See Solid Waste Section). By recycling,
Macalester avoids on average 15 Metric Tons of g year. Figure 10.3 shows yearly
emissions averted, again with the year 2082adjusted for accuracy and the years 2004

and 200506 removed.
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Discussion

Trends:

There was a peak in Macalesteroés tot al re
and then rise again towards the present.ITkest t wo col umns represent
time and are very different. The data for 2@ were the last data received from Facilities
and was very incomplete. Because it was so inaccurate and there was no easy way to average
it out, those data weremoved. As the graphs show, emissions averted generally correlate to
recycling weight. This means that recycling is one area that Macalester can develop in order

to move toward a smaller carbon footprint.

Many efforts have been made to make recycling easig more visible on campus.
Eureka received Macal ester 6s -campuseffartsdid i n May
not go into effect until that fall, which is reflected in the data. The following graphs show the
results of the baseline studythatBu di d of Macal esterds waste

the recycling rates for 2006 and 2007.
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management and to reach a waste free tomorrow by demonstrating tha
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There has been some success tghnew program, which the data reflects. Future
projects include major publicity in 2008 about the new program, new student recycle boxes in
the dor ms, a Areusabl esd r oom, -outdayeoutgider o was

recycling bins,andeoposti ng in Caf® Mac thrfough a pilo

The Macalester recycling program over these particular years has stayed roughly the
same through 2007. In 1990 and 1991, Macalester purchased two cardboard balers and a can
baler and greatly incread the efficiency and potential capacity of the program. Since 2006,
Facilities Services has been working to redesign the recycling program at the College, to
make recycling and the collection process more efficient. The act of recycling by the average
student, faculty and staff has become much easier over the last year, through the application
of new labels and new recycling lids with ean papershaped cutouts to avoid confusion.

The collection process will be improved by a completely overhauled $twbeker schedule

being implemented in fall 2008.
Data Recommendations:

While both sets of records were weliganized, easy to read and analyze, it is
important that Facilities work with Eureka to come to a consensus about how, where, and in
what formatthe recycling records will be kept. Also, copies of the records should be kept in

the Sustainability office, and on the Facilities Services department website.

“% Interview, Custodial Shift Supervisor
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11.Conclusion

It is important taunderstandhe particular sources that contribute to Macalester
Coll egedbs GHG emissions so that strategies
Several overriding trends have strongly influenced33nissions on campus.
Heating/Cooling, Electricity andrénsportation are by far the most significant sources of
GHGstracked in this repornd will have to be critically addressed in the futliteese three
also provide the greatest options for reductions; heating/cooling and electricity in particular
can offerattractive cost savings from emissions reductions, and should be vielusghasal
opportunities This report concludes with recommendations based on the individual GHG
sources identified in the report, including energy usage, transportation, wastatigenand

disposal, refrigeration practices, fertilizer usage, and food choices.

Fleet 110 Air Travel
5,244

Heating 9,038
Commuters

/ o

Fertilizer 7

Electricity
11,931

Figure 11.1:2006eCQG, Emissions by Percentage. Energy consumption in the
form of electricity and heating co
emissions butransportation, especially college funded air travel, also represet
significant source of emissions.
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In 2006, electricity was responsible for the majority of the carbon emissions produced
at Macalester College (approximately 44 percéidating represented the next largest source
of emissions (approximately 34 percent). The final 22 percent was almost entirely produced
by the transportation section, with air travel accounting for 20 percent. Even as the
proportions of emissions represaht®y energy and transportation shift they constitute nearly
all Macalester College emissions. Electricity and transportation have been more consistent
than heating emissions for a number of reasons such as the variance of heating degree days
each year. Mst notable, however, are the disparities observed in annual emissions as a result
of fuel source purchasing policies. In the years that Macalester has purchased large amounts
of fuel oil, especially fuel oil #6, heating has been responsible for a gpesitentage of

overall GHG emissions.
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Figure 11.2Emissionshy Sector19902006 Each year electricity, heating and
transportation account for wvirtual
Of the three emissions, heating is most susceptible to clsarmgedifferent
proportions of fuel oil versus natural geen beused to kat campus.
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Since 1990 the levels of G@missions have risen steadily as heating, electricity and
transportation demands have increased. The rise of personal electronics and apyisances
increased electricity demand but this increa
efforts to increase energy efficiency. Heating demands have risen as more square footage is
added to campus but again efforts to increase efficiency have helgleavtithe growth of
associated emissions. As Macalester continues to focus on internatioaalisights will
be a significant percentage of the coll egeds

reduce.

The recommendations for each source offayiwng levels of GHG reduction, require
a range of degrees of investment, and may have additional benefits or costs. The amount of
greenhouse gas emissions avoided as well as the ease of implementation need to be
considered when implementing these recomaéions. Certain recommendations are
offered as intermediary steps while others are posited agdomgsolutions. Some may be
more easily implemented than others and several are currently being undertaken. Macalester
has many areas to pursue in redgadts carbon footprint, and the college should further

investigate the plausibility and implications of the following recommendations.

Energy Recommendations

Macalester can more easily influence the carbon footprint of the heating/cooling
systems than ber parts of the carbon footprint. For instance, Macalestedioartly
improve the efficiency of the heating system, whereaantonly tryto influence changes in
student, staff, and faculty commuting habits. There are two key strategies that coodd red
the amount of energy used and emissions released: reduce overall campus usage and change

the sources of campus energy.
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Reduce Energy Demand:

Macalester can do little to influence how the area utilities generate electricity (wind
nuclear, hydroelectrity) because it depends on energy utilities in the Saint Paul area that
offer little renewable electricity. Macalester can potentially provide some of its electricity by
installing solar panels on buildings or investing in@dmpus electrical producti@ources

such as wind farms. However, this may aotrentlybe the most costffective option

One of the best things to do is to increase energy efficiency. The College can reduce
its overall energy usage through various efficiency projects, suchcasoalle
recommissioning in the Olin Rice Science Hall, improving insulation in campus housing, and
upgrading lighting systems in campus buildings. The Clean Energy Revolving Fund (CERF)
is a powerful tool to help finance efficiency projects. Energyiefiicy generally has a high
payback in terms of energy cost savings, and should be heavily invested in by Macalester
over the next several years. Performing a comprehensive egf@igygncy audit of all
campus and of€tampus properties would be an impattérst step to determine where the

greatest and most cestfective changes could be made.

Replacing Campus Energy Sources:

To reach carbon neutrality, Macalester must transition away from using natural gas
and fuel oils to heat the campus. Due to

efficiency strategies alone cannot adequately reduce the carbon footprint i Macag r 6 s

heating and cooling systems.

There are three options for replacing the heating plant on campus. One is to install a
biomass heating system that would be carbon neutral. This could be difficult due to the

Col |l egeds | oc at iargencityiwith nd direct access td biceanass $our@es. A
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second option is to contract out heating and cooling to a citywide district system. However,
there is no system in place that Macalester could connect to, and so is not a viable option in
the near futue. A third option is to install a large ground source heating and cooling system

to replace the central plant. This could be best in the long run as it would reduce dependence
on variable fuel prices and would make for easier budget control. Adaedgeground

source system of the size necessary for the college may be prohibitively expensive, though a
large investment in campus building efficiency could reduce the heating load enough to make

the costbenefit analysis of a new system more attractive.

Transportation Recommendations

Macalester should continue to foster programs to reduce carbon emissions caused by
commuting by promoting walking, biking, etc., especially since many students, faculty and
staff live within walking distance. There is a new sdized bus pass program for the
Macalester community that offers gpaid bus passes at 50% the normal price. There is also
a Walk to Work program for faculty and staff who live within one mile of campus. The
program will pay up to $3,000 in matchingnfis for faculty and staff who want to make
efficiency improvements to their homes if they live within walking distance. The goal is to
encourage as many faculty and staff to live close to campus and become a part of the

community as possible.

In order toaccommodate staff and faculty in the nearby school districts, Macalester
could create a day care program and promote a carpooling program to transport children to
and from their schools. This would eliminate the necessity for many faculty and staffeo leav
campus by vehicle during the day. For faculty and staff who live farther away, Macalester

should encourage carpooling and busing with similar incentives.
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The College should also continue to invest in better infrastructure for bikes and
bikers, includig more bike racks, showers, and lockers. For example, bikers could be given
locker priority in the new Macalester Athletic and Recreation Center. MacBike is a great
resource to student bikers, and we suggest that Macalester support them with a permanent
space to house their organizationhis will allow MacBike to become more effective in

sharing knowledge about bikes and bike repair with the campus.

As fostering internationalism and geographical domestic diversity is a priority for the
College, not muclean be done to significantly reduce air travel. Howes@0, emissions
from air travel can be reduced. The buses and trains should be emphasized for domestic travel
as opposed to flying. If traveling by plane is the only option, direct flights should be
purchased, since 25% e£0, emitted during a flight is fromakeoff and landing. For
domestic flights, business trips can be consolidated so more work is done at a destination
rather than making multiple trips to the same area. Promoting teleconferences would result in
completely avoiding some airplane sjhene creatinga significant impact on

transportatiofrelated carbon emissions.

Macalester currently owns two pickup trucks, nine club cars (five of which are
electric) and three Cushman cars (1 is elecalidpr use by Facilities Management in their
daily operations Incorporating more electric vehicles into the campugaed fleet would
decrease gasoline consumption. Macalester also uses gas@bnEstpassengerental vans,
which means choosing rental vans that have higher fuel efficiency will etamp for
reducing gasoline consumption. Wellesley College noted in their carbon audit that they

switched to minivans and cars instead ofpSsenger vans and €émissions decreased as
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aresult’ Like Wellesley, Macalester has-passenger vans thate notinsuredto carry 15
people due to the expens&he College should look into renting feedficient minivans or

cars instead of the 4assenger vans to reduce gasoline consumption.

Another option is to suppgréxpandand fund access to the HoDar carsharing
program near campus. This would involve lowering the age limitation so students could rent
the car, and possibly offering an institutional membership for faculty, staff, and students who
bike, walk, carpool, or ride the bus. The Hour €auld also be used by departments on

campus to run workrrands as an alternative to afd&ssenger van.

Refrigerant Recommendations

Due to the current structure of Macaleste
reducing emissions are limited. Argle way to reduce emissions would be raising the
temperatures slightly in all agonditioned buildings. Ensuring that refrigeration is used
only when and where it is needed and using natural cooling methods when possible will
further reduce emissionghe Institute for Global Citizenship, currently under construction,
will not wuse any traditional refrigerants as
prohibits use of chlorofluorocarbons and hydro chlorofluorocarbons. If the new cooling

system is efictive and reliable it could be an option for cooling other campus buildings.

Waste, Recycling, and Fertilizer Recommendations

The best way to reduce GHG emissions of waste is to not create any. Macalester is
currently working to reduce waste productioncampus through increased recycling efforts
and requiring demolition projects to recycle and reuse as much of old buildings as possible as

a part of the col | Wheethesold AtelaticocenWawags recentlyn i t i at i v

““Members of ES 300, fAAudit of Wellesleyds Green House
http://cs.wellesley.edu/~weed/papers/GiAGsessmenrspring2003.pdf.
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demolished over 95% of thesitiding was reused or recyclédan enormous increase over

efforts in the past.

Recycling has been offered at Macalester for several years now and is currently being
expanded with new bins, signs and an educational campaign. As previously noted,
Macalester has teamed up with Eureka Recygclitgich holds the philosophy that all wast
is preventablé® As a first step Eureka has been working to increase recycling rates at
Macalester through techniques such as placing bins in more appropriate locations. However,
Eureka is also excited about expanding beyond recycling to dramaticallcred Mac al est e
waste in the future. There is great potenti a
waste stream by weight is actually unusable. Of the @could be diverted from the
waste stream and put to other u38% is composed of org& substances that can be

composted, 8% is potentially reusable, and 37% is recyclable.

Compared to waste reduction on campus, it will be much more difficult to control
waste created offampus. Macalester should fund and run community education programs
about waste reduction and support the initiatives of groups like Eureka Recycling to lower the
amount of waste that is created. Information about waste reduction should be made available

to students living oftampus when they register their-cimpus adresses with the College.

Macalester should also look at where its waste is being sent. A student or staff
member could research the various waste disposal options and determine an institutional
preferencd such as land filling or incineration. The Cgjéecould then persuade Allied

Waste to increase pollution controls or handle waste in a different treatment facility.

“8 pers. Comm. Susan Hubbard, April 4, 2008.
“9 Eureka Recycling. Macalest€ollege Baseline Study and Zero Waste Recommendations. October 2006.
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Anot her opportunity for reducing trash 1is
it as fertilizer on campus. This could simultaneowslgresseveral issuedess fertilizer use
releasing less nitrogen into the air, decreased waste in general, and less fuel for waste
transportation. This composted waste would only contain about 4% nitrogen, which is far less
than the synthetic fertilize If higher nitrogen content is desired organic additives like
coffee grounds, brewery waste, or animal waste could be added. The area around Macalester
has several coffee shops and brewefieding businesses willing to give or sell their waste
to Macalester should not be a problem. Organic fertilizers are far preferable to synthetic

fertilizers because synthetics add new net GHGs to the air.

Food Recommendations

Bon Appétit is currently in the process of establishing their most rigorous campaign
for addressing climate change, the Low Carbon Diet (LCD) program. This program was
initiated nationwide on Earth Day, April 22, 2008 and aims to develop operational strategies
to minimize Bon App®titdés carbon i mpact whil
campaign to increase their guests' and clien
Macalester has taken a significant interegshe LCD program, as Café Mac has signed onto
the leadership level. By volunteering to take this position, Café Mac igeddoimake a
number of specific changes in their operation by target dates. Such changes include reducing
the percentage of high carbon foods and prodsiate as meat, tropical fruits and vegetables,
seafood, highly processed foods, and-nompostable gckaging reduce food waste 25%
percent by April 2009and reduce energy/water consumption at least 20% by April 2010.

Although Bon Appétit has set specific standards for Café Mac, these targets are only

* Clean Air Cool Planet Campus Carbon Calculator's User's Guide: Creafiagrthousgas emissions
inventory on your campu2006.
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temporary and by no means a final solution. Thesesi | d be consi dered Ofi

serve as experiments to aid Macalester in developing methods to reach carbon neutrality.

A food waste study completed in 2007 by the Environmental Science Department at
the University of Redlands found that only @€rcent of their food waste was generated
during preparation while the remaining 80 percent was generated following consuthption.
This implies that the majority of food waste is being thrown away by students. Macalester
should undertake a similar studydetermine how the cafeteria can manage their food waste
most efficiently. Caf® Macbs directors shoul
Serving food on smaller plates without the use of trays would reduce the amount of food that

is taken by midents and then left uneaten.

The University of Redlands study also found that 97 percent of their total food waste
is considered O60compostable6. This figure is
institutions throughout the country and it servebighlight the potential of college
composting programs. At the present time, Eureka Recycling is planning to initiate a pilot
composting program in the spring of 2009 that Macalester is scheduled to participate in. Bon
Appétit already has experience caysping on college campuses. St. Olaf College in
Northfield, MN has been operating anrvassel composting unit since 1999 in which they
compost approximately 3.5 tons of food waste each week. St. Olaf has been able to use all of
the compost on campus, mosttably in their studerntun organic garden, which provides

produce for the Bon Appétit cafeteria.

It is essential that Macalester work with Café Mac to keep accurate records of food

purchases. Fortunately, as a component of the Low Carbon Diet prd&gparAppétit will

1 Sherman, Peter. 2007. Project Proposal: Univen§iRedlands Composting Initiativé Vision of Sustainable Waste Management.
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require requiring all of vendors to provide records of product sources. Macalester should set
up a framework to retain such data@mpus in order to understand how their purchases are

contributing to the production of GHGs.

Offset Recomrandations

The ACUPCCCommittee considers offsets to be a lesser measure as they allow
emissions ortampus to continue while carbon reductions are pursued elsewhere. Local offset
projects the College could invest in are preferred to projects located in remote locations and
administered by third parties. Research into local offset opportunities should determine

whether viable projects exist in the surrounding community.

The estimate of carbon sequestration at the Katherine Ordway Natural History Study
Area indicates that a larmteservation project capable of offsetting a significant portion of
college emissions will have to be significantly larger than what Macalester currently owns. In
order to offset approximately50% @007 emissions, a preservation project must be roughly

25,000 acres 100 times the size of Ordway.

Summary

Macalester has many areas to pursue GHG reductions and should further investigate
the above recommendations. When doing so, Macalester should mind the proportional
contribution of each sector. In particular, heating and electricity account for tieasy
guarters ofill emissions; no serious reductions can be achieved without focusing on these

two areas.

The mission of Macalester calls to mind 0
service to society. o0 As Macalllegshagan appr oache

opportunity to once again realize this commitment, act as a leader among colleges and
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universities in America, and catalyze the response to climate change in the United States.
Climate change poses a global challenge. Education in a multadwdnd international

context prepares students to cooperate multilaterally as they face such challenges. By
preparing students in this way, Macalester embodies the unique role of colleges and

universities to lead society to innovative ideas and actions.
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