We have three boilers on cpus, two sraller ones, and one larger, which heat the
condensate that wasnthe camus. On Februar6, 2004, when | toured the boilere were
only using me, because the weather was waf@m really cdd days, we use the two siter
boilers, or the bigger one. Toyrknowledge, we never use all three.

Fuel Use

To heat and cool the water that circleotigh the systefrMacalester uses three different
fuels, #2 fuel oil, #6 fuel oil, and natural gadi,purchased fronXcel Energy. Cost and season
deternine which fuel we burn. Our boiler has adéime running oil at dower level (which is
necessitated by higher temperatures)when the weather is warme burn natural gas, while
during the winter ranths (usually Noveber, December, January, February), cost detares
which fuel is burnt. Natural gas the environnentally preferabléuel, as it is the wst eficient
and enits the fewest pollutants, but it is ofteretmost expensive. #6dlolil is a residal
product of crude oil. It is the castency of street tar. #2 fuell ¢ a distillate; it is distilled
during primary crude oil refining. In tesyof bothemssions and efficiency, # 2 fuel oil is better
than #6.

Currently, as of March 23, 2004, we arerbog 100% natural gas, because the weather
has gotten warsr. In the colder mnths of thisyear, Macalester burndd0% #6 fuel oil. The
amount of ech fuel burned fluctuates yearlytivihe weather, but generally follows the gam
pattern as th current acadeimyear.

Historically, Macalester has ad nore of, and has spentamre noney on, natural gas than

either #6 or #2 fuel oil, as evidencleg the following graphs, Figures 1 and 2.
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However, as illusated above, durinthe 2002-203 acadeic year, tle cdlege tsed
more #6 oil than natural gas (52,392,450 B3 bf #6 vs. 38,942,000 CCF BTU'’s, each x1000).
This trend has continued duringetburrent school year. The reador the switch is the cuent
high cost of natural gas.

Based on calculations by MacCARES, bamthis nuch #6 eleases 3,044,465 pounds
of carbon dioxide into #hair annually. However, carbon dioxide is not the only pollutant of #6
fuel oil. #6 is the tghes emitter of the thre fuels in sultir axides, nitrogn oxides, ad
methane.
BTU Consumption

Macalester’'s annual BTU consption has, sice 1988, beegradually @creasing,
despite the addition or renovatiohseveral buildings, includinthe Campus Center, Kagin, and
Olin Rice. (See Appendix 1 for complete ligtbuilding renovationsince 1985.) Figure 3
illustrates Macalester’'s annual BTU consption. Canpus consuiption has reraned
relatively constant, with highsid lows due to campus renovatidghat take buildings on and off

line.
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Currently, as of January 2002, all of gamsbuilding are on-line. However, BTU
consunption has beenetreasing since 2002,athe current acadeayear follows this trend.
This decline can be attributéal the use of energy savinghmologies in new buildings, like
Kagin Commons and the Studéstion. A nore in depth loolkat these technologies is beyond
the scope ofhis audt, but is recomnended for future audits.

Macalester’s annual BTU consption per squa foot has shown aare renarkable
decline. Although the campussgjuare footage has increastightly since 1985 with the
addition and renovation of several buildingemioned earlier, the efficiency with which this

area is heted and cooledas inceasd. Figured illustrates BTU consumption pesquare bot.
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Again, this decline is due to theore efficient technologies used in the recent

construction of capus buildings.

Despite these decreases, tibtal cost of BTUs at Maca&ster has gone up since 1985 (See

Figure 5).
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However, annual BTU cost is an indicatdithe current energy arket, not of the
amount of energy that the capus is consuimg. It is therefore extresly important in budget
considerations; energy savingl@iques become increasinglyra cost effective as energy
prices rise.

Rebates

Since 1994, Macalester has recei$&®3,207.03 imebates fronXcel Energy. Most of
these are sall rebates given for electricalagons, but wre than half of the total amey
received, $352,527.88, has gone amhheding and cooling irproveaments.

A number of these rebates were given duthsize and flexibilityn our system Xcel
provides asproportionately rore electricity duringhe day than at nigh Macalester received a
rebate in Deceber of 1996 ($200,000 on $3.5lproject) to build ice storagand an ice chiller,
which mede it possibledr Macalester to produdee at night, therefore reducing Xcel's energy
demand during the day. The college receives redduaetrates for runninghe chiller at night.

In addition, chilling water atightis more energ efficient, lecause the temperaturdference
between the air and icelisss. The diiller provides the ampus with air onditionng.

Macalester also has an agreamnwith Xcelto keep its nattal gas useddow a certain
level during peak fuel usage &%, like early evening, in exchange for discounted natural gas
prices. This “peak control systéms most ugd in the summer. Xcel has the capacity to pum
only so nuch natural gas into lines at one #emDuring peak use ties, the gas is drained too
quickly from the pipes, aking the pipe pressure nigerously low. At these ties, Xcel asks the

college to reduce its energy use, which it does.



Campus Energy Saving Strategies

One of the rain energy saving easures thabhe college taks isto turn of the
condensate puped to acadera buildings at nigt. Individual radatars are used to antain
temperature. The anount of time that each blding is off the systenvaries frombuilding to
building.

Macalester'shree nain boilers, which providetsamfor heating andteam for hot water,
are shut off in the sumen from Comnencenent to Septerber or October.Individual hot water
heates ae neintained in all budings.

Macalester Facilities Bhagenent maintains anEnergy Committee, argup that has been
meeting on and off for the past ten yeardpmis on raking the HVAC and carpus electric
systens nore efficient. The commitee has éenmeeting reglarly for the past four months. It
consists of Mark Dickinson: Director, ki O’Connor: Chief Engineer, Kevin Maynard:
Mechanical SystemManager, andd&EGerten: Master Bectrician.

Campus Buildings

Campus buildings require different amoumtscondensate to antain a comfortable
temperature, based on their size and functiin Rice has the highest level of condensate
consunption, using twenty-five percent of thengaus’s condensate (Figure 6). Of the dgrm
the highest condensate consuris Dupre, ugg about nine percenf total condensate

consunption.
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The reasondr the discrepancy aomg buildings in ters of mndensate use is in part
becauseifferent buldings are usedf different things. In terswof doms, the difference in

condensate use is directly correlated whid number of residents (Seigtre 7).
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(http://www.macalester.edreslife/halls.htn)l



http://www.macalester.edu/reslife/halls.html

Data Gaps

Individual building efficiencyin terns of heating and cooling is extrety important. An
in-depth assessnt of individual buildings @eds to be done in ond® assure building
efficiency. The level of assesent necssary is beyond the scope of this audit.
Macalester’s Heating and Cooling Ranking: C

This audit provides a barsoveniew of the Macalester déatingand coolingsystem
Based on th assessant done, the efficiency oféhheating and cooling systeahMacalester is
good. An in depth look at indidual building efficiencys required for a better understanding of
the overall gstemefficiency.

Fuel choice on capus is average. #6 fuel & one of the dirtiest fuels on thearket,
and we burn ore of it than natural gas, but fosshorter arount of time. Natural gas is the fuel
of choice for, on average, 5 out of 9 monthshef year. Considering both efficiency of the
systemand enssions linked to fuel choice, tlwellege receives a C for the heating and cooling
system In order to receive a very good orcelent rating, theollege needs to take aore
proactive stance to decreasingissions.
Other Schools

Other colleges and organizations havelemented nore sustainable heating and cooling
systens intotheir canpus building. The Adamloseph Lewis Center fdEnvironnental Studies
at Oberlin College in OberlifQH provides the heating and cawjineeds for the building with
geothermal wells and heat pups. The pums ae powered with solar power.

Carnegie Mllon University dso hasncomorated sustainable technologies into its

heating and cooling steam It recenly built/ retrofitted the “Intelligent workplace.”



They have a HVAC systers we do. The Univsity wanted to develop improveamis to health
and well-being of building occupants, technotagiadaptability, orgaméiond flexihility, and
energy and environemtal effectiveness. One featus the us of naturallight and the ability to
control natural light withight redirection louvers,ral netal shades (\Wght, 1998.)

The MIT CogenerationmBject is aen-year project that is unaeay to generde electrich
and thermal power for the Massachusettstitute of TechnologyCogeneration involves
placing a turbine in thenwokestack da boiler, vhich utilizes waste heat tweate steam. The
new technology is eighteen pertemore efficient than the olénd will reduce MIT enssions
by forty-five perceh Current work is invaled with connectig the Project with academ
departnents for nutual beneit. (http://cogen.nt.edu/).

An obvious close to home exair, although no& college campus, is the Phillips Eco-
Enterprise @nter in Minneapas. A geotherral exchange heat pymsystenmsimilar to
Oberlin’s provides a ajority of heating and cooling needs.

Future Improvements

Future inprovenents for the heatingnd ©oling systemat Macalester should take a
number of directions. Brning number 6 fuebil is an environrental problenfor our canpus,
and efforts to decrease and eventually stop hgrsiuch dirty fuel are necessary. Ratifying the
Kyoto protocol, as the cgms oganization MacCARES suggests,an inportant first step. The
Kyoto protaol involves decreasing Macalesteenissions to seven percent belove tt990
level. Most ofthis redution is in éectric use,as electricity isa much larger contributor to
carbon dioide enissions than isdating and colbng. However, #6 fuel oil is thadhest enitter
of carbon dioxide of the three fuelsaattMacalester burns, and 3,044,465 pounds of 8O

released imo the air annally as a result of Macalester’s burning of itConsidering cogeneration
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as an option for our campus, as MIT is doinguldde a great initial step in reducing £0
emssions.

This audit asesses the héng and cooling of the cgms asa whole, with individual
building use corpared but not analyzed. Alugh individual buildiag efficiency was not
assessed, improvamis should be made on theate of individual buildings in heating and
cooling efficiency. In order to deteme whatthese inprovenents need to be, a reconmgsioner
ought to be hired to assess each buildingtargkt areas #t need to @improved.

With plans to rebuild the fieldhouse in the near future, green building design should be
taken into account toimimize the heating and oling energy needed to keep the building at a
comfortable terperature. Although other ethodsof heating and coaig should be explored,
including solar ther@ and geotherml, the fieldlouse is outfitted with pipes to connect it to the

HVAC.
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