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A case history study
illustrating the need for
energy economics in design
A comprehensive study of campus cooling points up the
necessity of incorporating the energy economics
parameter into the design of building systems, and
specific recommendations tell how to go about it.

Chapter48 entitled "IntegratedLoop System
For Campus Cooling" presents the back-:
groundof a studythat resultedin the recom
mendationto installan integratedloopchilled
water systemon thecampusof the University
of Missouri-Rolla.

Briefly, the recommendationcalled for
existingchilled waterplantsservingindividual
buildings to be connectedin a loop system.
Becauseof systemload diversity, they would
thus be able to provide chilled water for
additional buildings currently served by a
variety of packagedequipmentand window
air conditioning units see Fig. 23-1. This
would be accomplishedwith significant sav
ingsin bothenergyconsumptionandmachine
operatinghoursascomparedwith theinstalla
tion of separatecentralsystemsin the build
ings now servedby unitary equipment.

In the processof gatheringtheinformation
neededto makethis studyheatingand cool
ing loads, types and sizes of refrigeration
machineryand auxiliaries, types of building
environmentalsystems,etc., significant data
weredeveloped.Thesedataserveas the basis
of this chapter-a case history report on
building energyeconomicscomparison.The
information is presentedto accentthe differ-

encesin energydemandsand consumptions
amongvariousbuildingswith similarusesand
occupancyschedules.The excessesof energy
requiredby someindicate that although the
buildingswere all relatively successfuldesigns
architecturallyand environmentally,energy
economicswas not consideredas a design
parameter.

This is not a uniquesituation.For the past
three and one-half decadesin the United
States,the building environmentalsciences
havebeen undergoingprobably a more dy
namic progressionthan any other field of
engineeringin history, savespacetechnology.
As a result,design practitionershavehad all
they could copewith in keepingpace with
progressin building materials, building sys
tems, fenestrations,mechanicalsystemcon
cepts,and new machinery.In addition, they
havehad to meetthedemandsof themarket
placefrom the standpointof ever-increasing
requirementsfor multiple controlzones.The
additional pressureof satisfying thesede
mands within the budget restrictions estab
lished for earlier, less sophisticatedsystems
poseda challengeof almostastronomicpro
portions to the systemsdesign profession.
With theseburdens,andwith readilyavailable
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Fig. 23-1. Campusof the University of Mlssouri-Rolla. Buildings shownin color havecentral chilled waterrefrigerationplants.Colored
and black piping togetherrepresenttheproposedintegratedloop systemdescribedlast month. Phasedconstructionwasrecommended, C
thepiping shownin black representingthelaststageof loop developmentpendingfurthercampusexpansionandthecircleson thepiping Z

denoting connectionsto be madeasthe loop is developedand expanded.Buildings markedwith asterisksarethosewithout central
cooling, consideredfor inclusion in the integratedloop system. -1

E Buildings with central chilled
water cooling systems
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and competitively priced energysources,de
sign practitionersunderstandablydid notcon
siderenergyeconomicsas adesignparameter.

It might be emphasizedat this point that
building environmentalsystemsinclude light
ing as well as HVAC systems.Thus, a major
portion of the total output of electric power
generating plants serves building environ
mental needs. Other major areasof energy
consumptionarethe categoriesof transporta
tion and industrialprocesses,and neglectof
energyeconomicsis as manifestin theseareas
as it has beenin the building industry.

Building loads compared
The Rolla campusincludesten buildings with
central chilled water systems. Table 23-I
shows the comparativeloadings of the ten
buildings.They are seento rangefrom 147 sq
ft per ton 82 Btuh persq ft for the Student
Union to 594 sqft per ton20.2Btuh per sqft
for the Library. This comparison,however,is
not especiallyrevealing since occupantload
ing densitiesand functions are considerably
different for thesetwo buildings.If thesetwo
buildings and the University Centerare dis
carded,the remainingbuildingsaresimilar in
function,occupancydensities,andoccupancy
schedules.Theserange from 194 sqft per ton
62 Btuh per sq ft for the MechanicalEngi
neeringBuilding to 413 sqft per ton29 Btuh

per sq ft for the Math & ComputerScience
Building.

An understandingof the differences in
specific capacity requirementsis essentialif
one is to makeuse of this information in the
developmentof methodsfor minimizing en
ergy usage.Although specific capacityis only
oneareaof concern,it is the areathat often is
completely out of the control of the me
chanical systems designer except for the
ventilation rate contribution. This specific
loading is the calculatedcoincidentfull load
that thebuildingplusventilationimposeson
the system.Not includedin this form are any
inherentsysteminefficiencies,suchas reheat,
refrigerationandheatenergyin reducedload
zonesat the time of maximumbuilding coin
cident load, distributionsystemlosses,etc.

Lighting levels rangefrom 1.63 W persqft
for the Library to 3.64 W per sq ft for the
MaterialsResearchBuilding. The valuesare
based on total installed lighting per gross
area.Again, if the nonsimilaruse buildings
arediscarded,the rangeis 2.44 W per sqft for
theNewChemicalBuilding to 3.64 W persqft
for the MaterialsResearchBuilding. The cor
relation betweenlighting power densityand
specific cooling load, however, while not
overly impressive,is significant; a calculation
for the sevensimilar use buildings revealsa
positivecorrelationof 0.4. This is notsurpris

Table 23-1. Calculated cooling loads versus installed capacitiesfor buildings with central
chilled water plants.

Building
Area,
sq ft

Cooling
load,
tons

Installed
capacity,

tons

Load,
sq ft

per ton

Physics Annex
New Chemical Engineering
Library
Mechanical Engineering
Student Union
University Center
Materials Research
Math & Computer Science
Humanities & Social Science
Engineering Science Lab

14,800
78,600
85,600
38,922
17,900
38,400
28,600
35,900
30,600
42,400

37
268
144
200
122
166
101
87

123
155

71
360
274
200
115
204
120
123
155
195

400
293
594
194
147
231
283
413
249
274

Totals/average 411,722 1403 1817 293
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ing sinceanybuilding designfeaturethatadds
tothe coolingloadshouldobviouslybescruti
nized if energy economicsare being consid
ered.

Another feature that has an appreciable
effect on cooling load but was rejectedfrom a
quantitativeanalysisis the fenestrationof the
different buildings. A correlation between
fenestrationandspecificcooling loadfor these
buildings was similar to the lighting level
correlation r = 0.36. But since all relevant
variableswere not consideredsuchas reflec
tivity of glass,interior shadingmethods,and
exterior shadingversusorientation,this fea
ture was not included.

Effect of auxiliaries
Thoroughunderstandingof the building fea
turesthatcontributeto specificcooling load is
the very starting point in designing with
energyeconomicsas a parameter.If the total
cooling loadincreases,the basepowerrequire
ment to drivecompressorsW or absorption
machinesBtuh increases,thepowerrequire
ment to drive all necessaryauxiliaries in
creases,andthe resultingenergyconsumption
increases.As statedpreviously,the Mechani
cal EngineeringBuilding, at 62 Btuh per sqft,

hasmore thantwice the specific cooling load
of the Math & ComputerScienceBuilding, at
29 Btuh per sq ft.

The mechanicalsystemsdesigneris seldom
in a position to control the specific cooling
load,a topic that will be discussedagainin a
subsequentsection.He is in sole controlof the
energy usageper unit of building require
ments, however. Specific systempower re
quirements,SSP, is definedas the power per
unit of coolingcapacityas requiredby system
design,expressedin suchunitsas Btuh per ton
or kW per ton. Specificsystemenergy,SSE,is
the seasonalor annualenergyconsumption
per unit of systemcapacity requirement,ex
pressedin suchunits as Btu per ton or kW-hr
per ton.

All of thebuildings studiedhaveabsorption
chillers, exceptfor the StudentUnion with an
electric centrifugal compressor.Specific sys
tem power requirementsand specific energy
requirementswere analyzedfor the tenbuild
ing systems,and Table 23-2 illustrates the
comparativemechanical system power re
quirements.The refrigerationauxiliaries in
clude chilled water pumps,condenserwater
pumps, cooling towers, absorption unit
pumps,andcontrolpower.Thefanauxiliaries

Table 23-2. Comparative mechanical system power requirements.

Refrigeration

Building
Area,
sq ft

Installed
capacity,

tons

Fan
auxiliary
power kW

auxiliary power

kW kW per ton

Total auxiliary power

kW kW per ton W per sq ft

Physics Annex 14,800 71 8.8 22.1 0.3112 30.9 0.4352 2.0878
New Chemical

Engineering 78,600 360 67.5 80.0 0.2222 147.5 0.4097 1.8765
Library 85,600 274 84.0 115.5 0.42 15 199.5 0.7281 2.3306
Mechanical

Engineering 38,922 200 42.1 66.5 0.3325 108.6 0.5430 2.790!
Student Union 17,900 115 12.0 27.7 0.2408 39.7 0.3452 2.2178
University Center 38,400 204 27.0 52.4 0.2568 79.4 0.3892 2.0677
Materials Research 28,600 120 7.5 24.0 0.2000 31.5 0.2625 1.1013
Math & Computer

Science 35,900 123 54.3 44.4 0.3609 98.7 0.8024 2.7493
Humanities &

Social Science 30,600 155 23.1 28.! 0.1821 51.2 0.3303 1.6732
Engineering Science

Lab 42,400 195 76.0 45.6 0.2338 121.6 0.6235 2.8679

Totals/averages 411,722 1817 402.3 506.3 0.2786 908.6 0.7787 2.2141
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include only the supply and return air fans
fansnecessaryto effect spaceconditioning.
These power loads are then brought to a
specific requirementby referringto the com
mondenominatorof installedtons.

Figure 23-2 illustrates these data in bar
graphform.

It is important to note that if thesepower
units were brought to the baseof kW per
building ton, they would be higher in many
casessinceinstalledcapacitiesexceedbuilding
loads,partly becauseof systemparasiticloads
required for control purposesand partly

becauseof available machine sizes. This is
illustrated in the last column of Table 23-2,
which expressestotal systemauxiliary power
requirementspersquarefoot of buildingarea.
Notethat this combinesthespecificload with
specific power. In this evaluation, building
function doesnot have therelevanceit did in
comparingspecific cooling loads,as long as
the comparisonis madein kW persystemor
installed ton.

Brief descriptionsof building systemsare
givenin Chapter48 and will not be repeated
herebut rudimentaryinformationis given in
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FIg. 23-2. Power inputs for mechanicalsystem auxiliaries in the different buildings compared. Total
mechanical auxiliaries include refrigeration auxiliaries and supply and return air fans.
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Table23-3.Beforeany valuecanbeassigned
to thedata,however,onemustunderstandthe
systemsso as to determinethe sourcesof
deviations.Contributingfactorsincluded:

* Of the four buildings with the highest
specific power requirements,threeemployed
high-pressureair distribution systems.

* The cooling tower fan motors ranged
from 0.065 to 0.275 hp perton. The primary
differenceappearedto behigherhorsepower
requirementsfor lessrealestate.That is, when
space limitations prevailed, power require
mentsincreased.

* Chilled waterpumpsrangedfrom 0.02to
0.21 kW per ton.

* Condenserwater pumps ranged from
0.032to 0.15 kW per ton.

Although theabsolutevaluesfor the above
specific requirementsare small, they are sig
nificant in their deviations: 420 percentfor
cooling towers, 1050percentfor chilled water
pumps,and470 percentfor condenserwater
pumps. When extendedto systemcapacity,
thesedeviationsare most significant.

Annual energy consumption

Power,the time rateof energyproductionor
consumption,is a significant considerationin
the cost of energy since power dictates the
investmentin generatingplant and distribu
tionsystem.Whenconsideringbasicresources,
however,theenergyunitbecomesthe primary
target.

Annual energyconsumptionsfor the build
ings were determinedusing a computerized
calculationtechniquethathasbeenverified in
many buildings. The results are shown in
Table 23-3, togetherwith specific building
energyrequirements,SBE, for both electrical
and thermal forms, and an identification of
the type of terminalsystemcontrol.A com
bined result of specific energy and specific
loading,eachfor thetimeperiod of oneyear,
in units of KWH persqft and Btu per sq ft, is
defined as the specific building energycon
sumption.

Inspectionof theresultsleadsto thefollow
ing observations:

* There is a positive correlationbetween

Table 23-3. Total annual electrical and thermal energy requirements of buildings studied. Aborption
refrigeration is used in all buildings except the Student Union, which hasan electric motor
driven centrifugal.

Area

Annual e nergy consumptions

SBE,2
Building sq ft System1 KWH X iO’ KWH per sq ft Btu X jo6 Btu per sq ft Btu per sq ft

Physics Annex 14,800 MZ 220.3 14.9 535 36,200 200,200
New Chemical

Engineering 78,600 DD/VV 1201.1 15.3 3876 49,200 217,200
Library 85,600 DD 1590.2 18.6 3525 41,200 246,200
Mechanical

Engineering 38,922 RH 622.8 16.0 3427 88,000 264,000
Student Union 17,900 HCO 348.5 19.5 106 59,200 273,400
UniversityCenter 38,400 MZ 681.! 17.7 4769 124,000 319,000
Materials Research 28,600 HCO 390.4 13.6 1250 43,700 193,000
Math & Computer

Science 35,900 RH 749.7 20.9 5289 147,000 377,000
Humanities &

Social Science 30,600 RH,HCO 439.3 14.3 4506 147,200 304,000
Engineering Science

Lab 42,400 RH 971.9 23.0 7649 180,000 433,000

‘MZ = multizone; DD = dual duct; DD/VV = dual duct with variable volume mixing boxes; RH = reheat: HCO heat-cool-off.
2SBE = specific building energy consumption.
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systemswith higher specific electrical energy
consumptionsand those with higher specific
power consumptions. This correlation,
thoughonly on the order of 0.11, is positive
andcan be consideredas having somesignifi
cance.

* Of the four buildings with the highest
specific building electrical energy consump
tions, threehavehigh-pressurefan systems.

* The buildingwith theelectricchiller does
nothavethehighestspecificbuilding electrical
energy consumptionalthough it does rank
third.

* The three similar use buildings with the
highestspecific building thermal energycon
sumptionsall havereheatsystems.

Theseresultsare not significantly different
from what one would expect.The contribu
tion of a high-pressurefan systemto specific
electricalenergyconsumptionis obviouswhen
one realizes that fan horsepoweris directly
proportional to pressureand that the fan
operatesfor all the occupied hours of the
building i.e., it doesnot unload at reduced
capacity,at leastnot in thesystemsinstalledin
thesebuildings.

Analysis of a reheat systemreveals that
absoluteenergy consumptionincreaseswith
decreasingbuilding load. In dual streamand
heatcool-offsystems,on the other hand,en
ergy consumptiondecreaseswith decreasing
load. With any energy conversion device,
however,theconsumptionper unit of demand
increasesin an exponentialmannerwith a
decreasefrom full load. Unfortunately,the
humidity control capabilities of these three
alternatives are inverse functions of their
inherentsystemspecificenergyconsumptions.

The lastcolumn in Table 23-3, titled sum
mary specific energy ISBE, is intended to
illustrate specific energy consumptionas a
single quantity; it was developed using the
arbitrary value of 11,000 Btu per delivered
KWH for electrical energy. The calculated
thermalenergyandelectricalenergyconsump
tionsincludeall conversionlossesand thusare
the quantities delivered to the buildings.
From thestandpointof pureenergyeconom
ics,this is themost relevantcomparison.Since

the conversionsare arbitrary and subject to
challenge,however,theyare presentedsimply
for interest. Attempts are currently being
madeto developacceptabledatafor extension
of this unit in building energy economics
studies.

Energy economics

The Rollastudy,which showsa differentialof
123 percentbetweenthe similar use building
with the lowest summary specific building
energyconsumptionand that with thehighest,
exemplifiesthe needto includeenergyeconom
ics as a parameterin building environmental
systemdesign.The following considerations
are offered as a positive approachto incor
poratingenergyeconomicsinto the design of
all building systems.

* Energi’ consciousnessin building de
sign-This considerationis not normally un
der the direct control of the mechanicalengi
neeron thebuilding designteam.Sinceit has
sucha direct effect on investmentcost as well
as on energyconsumptionof environmental
systems, however, he has an obligation to
makearchitectsandelectricalengineersaware
of theimplicationsof their designswith regard
to the energyaspectsof the building. As was
emphasizedearlier, it is at this stageof design
developmentthat the very significant specific
building load, is established.

* Intelligent definition of design param
eters-Available analytical data have been
published for some time to illustrate the
specific energyrequirementsof thethreebasic
systemcontrol methods.At full cooling load
conditions, all three might have the same
specific energy requirements.But at reduced
load conditions which an analysis of any
building systemwill show to exist during a
majority of the operatinghours,therequire
mentsof thesesystemsdiffer significantly. In
order of increasing energy consumptionat
reducedloading, they are: heat-cool-offand
variablevolume,dual streamdouble duct or
multizone,and reheat.

Unfortunately, if one lists the same three
basic systems in order of their ability to
maintain spacehumidity control, the order is
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reversed.Thus, it is the responsibility of the
systemsdesignerconsideringenergyeconom
ics to establish intelligently the real building
requirementsvis-a-vis humidity rangesor lim
its and then designa systemto provide that
level of controlandno more.This approachis
quite revealing,and it leadsto the conceptof
incorporatingenergyunitsinto theASHRAE
comfortchart.

Additionally, the single fan "economizer"
type systemmust be scrutinizedcarefully in
the processof systemsselection. In many
applicationsthose involving multizone or
dual duct installations,specific energycon
sumptionwith such a system is higherthan
when some reduced capacity refrigeration
machineryis operatedin cold weatherperi
ods.The logic is quite obvious: with a single
fan "economizer"system, the heating deck
becomesa reheatdevice,and thermalenergy
consumptionincreases.

* Detailedload calculation andpart load
analysis-As stated previously, any energy
conversionsystemis less efficient at reduced
loadoperationthanatdesignloading.Thus,if
a systemis sizedto a "safe" load calculation,it
will operateat a lower percentageof full load,
anda lower efficiency, at all times.The latest
computerizedtechniquesof calculatingheat
ing and cooling loads should therefore be
employed. As an example, if a system or
componentis oversizedby 25 percent,at peak
load it will neveroperateabove80 percentof
design capacity, a point of higher specific
energyconsumptionthanat full capacity.

The part or reducedload analysisis a very
tedious one to perform, but computerpro
gramsare available to assistdesignersin this
effort. A part load analysis will reveal the
hours per year or the percentof total oper
ating hours that the systemwill "see"various
incrementsof the full load. By using this
analysisin selectingmachinesize increments,
thedesignercanassurethegreatestnumberof
operatinghours at the greatestmachineload
ratios, therebygreatlydecreasingspecific en
ergy consumption.

* Flow rate anali’sis-Althoughtwo-phase
steamsystemsarestill widely usedforprimary
heat transfer, and for good reason,the ma-

jority of systems employ the single-phase
hydronic conceptfor terminal fluids. These
systemsuse the conceptof temperaturedif
ferentialsto achievethermalcapacities.In the
design of any suchsystem,the systemsengi
neer should employ the maximum possible
temperaturedifferential. As an example,if a
systemtemperaturedifferential of 60 F canbe
achievedin a heatingsystem,the water flow
ratesand consequentlythe pumping horse
powercanbereducedto one-thirdof thosefor
a systemdesign basedon a 20 F temperature
differential.Thereareseveraltechniquesavail
able for achieving this, among them coils
designedfor largedropsandseriesconnection
of loads.Primary-secondarycircuitsaresome
timesrequired,but the total pumpingenergy
is still reduced.

It is moredifficult to achievelargertempera
ture differentials with chilled water, but con
siderthat a 15 F rise in lieu of 10 F will resultin
a 33 percentreductionin flows and,conse
quently, in energyexpendedfor pumping. An
additionalbenefit is usuallylower investment
cost in pumpingand distribution systems.

* Air systempressuresandoperatingsched
ules-Althoughsomecontrolschemesrequire
high air pressures,the use of high-pressure
high-velocity air distribution systemsshould
be avoidedunless techniquesareemployedto
reduce fan energy consumptionat reduced
building loads. If a variable volume refine
mentis not incorporated,fan energywill often
exceedthe energy requirementof the basic
refrigerationmachinerybecauseof thegreater
numberof hours of fan operation.

An additionalconsiderationin theselection
of fansystemsis thebuilding occupancysched
ule. The possibility of operatinga central fan
system a number of hours per year with
greatly reduced occupancyrates should be
prevented.

* Primarj’ conversionmachinery selec
tion-Primary energy conversionapparatus
suchas boilers,chillers,andcondensingunits
should be matched in size modulesto the
system’s part load profile. Each module of
machineryshouldbesizedsothat it will rarely
operateat less than 50 percentof design or
rated load. A study of most commercially
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available energyconversionsystemswill re
veal that the energy input rate per unit
output increasesexponentiallyas the output
decreases.The reasonfor this is the basic
parasiticloadingthat contributesto mechan
ical inefficienciesat full load; mostof thesedo
notdecreaseasthe outputdecreases,andwith
the loss remainingconstant,apparatuseffi
ciency decreases.

Capacity reduction modes constitute an
additionalconsiderationin theapplicationof
refrigerationmachineryin smallerreciprocat
ing sizes.Analogousto terminalsystemcon
trol, the capacityreduction mode that pro
vides the best or mostconsistentresult is the
onethat consumesthemostenergy.Compres
sorcontrol modes,in order of increasingpart
loadenergyconsumption,are:on-off, cylinder
unloading,hot gasbypass.

* Refrigerationand boiler systemauxilia
ries-Energy consuming auxiliary devices
suchas condenserwater pumpmotors, cool
ing tower fan drives,forceddraftfanmotors,
feedwaterpumpdrives,etc.,shouldbe scruti
nized thoroughlyto determinethe combina
tion of devicesthat imposesthelowest power
burden on the system and thus results in
minimumenergyconsumption.Coolingtower
fan drivescan be very low in specific power
requirements,but selectionwithout concern
for this parametercommonly results in re
quirementsas high as 0.25 kW per ton. In
applying condenserwater pumps, one must
exercisecareto arrangethetower, cold water
sump, and pump to minimize static lift. In
larger systems, multiple cells and variable
pumpingprovidemeansof optimizing energy
use effectiveness.

* Energyconservationdevices-Thereare
numerousdevicesandcomponentsavailable
that have been specifically developedand
marketedto conserveenergy.Someexamples
are heat reclaim wheels,doublebundle heat
pumps,"heat of light" systems,so-calledtotal
energysystems,water sourceincrementalheat
pumps, etc. Thesedevices cannot be over
looked in any systemdesign;they must be
considered.Unlike the measuresrecom
mendedin the previousconsiderations,useof
thesedevicesmay often penalizeinvestment

cost, returningthe incrementoutof operating
energycost savings.

* Energysource selection-Theselection
of anenergysourceor sourcesshouldbemade
independentlyof the above considerations.
Once specific building energy consumption
has been minimized, the sourceselection is
relegatedto owning and operatingcost eco
nomicspresent& anticipatedandavailability
trends.

Suggested checklist
Possibly, the major pitfall of designershas
been to initiate an energyeconomicsevalua
tion with a studyforenergysourceselection,a
techniquethat clearly is analogousto the tail
waggingthe dog. Whenthe aboveconsidera
tions are applied to the energy economics
parameter,power and energy consumption
are minimized; and thus the cost will be
minimal, regardlessof thesource.A suggested
checklistfor energysourceselectionis:

1 cost;
2 availability;
3 efficiencyof conversion,at full andpart

load;
4 investmentcost for storage,handling,

and conversionapparatus;
5 environmentalrequirementsof space;
6 environmentalrequirementsof commu

nity;
7 demandsandconsumptionof system;
8 availability of apparatusinvolved and

its maintenanceand service availabil
ity;

9 reliability of source;
10 reliability of conversionapparatus.

Owner’sdesignguidelines

In applying theparameterof energyeconom
ics to building systems,thedesignermusttake
carenotto introducecomplexitiesthatcannot
be understoodby the maintenanceand oper
atingstaffs.Completeunderstandingis neces
sary if the design intent is to be carried out.
Many efforts at achievingenergy economics
withoutconsiderationof this point haveled to
failure of a systemto operateefficiently and,
in many cases,failure even to satisfy perfor
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mancerequirements.Thus,the designermust
alwaysbeguidedby the rule that simplicity in
design will result in successfulperformance.
This considerationcertainly affects the spe
cific building energyrequirement,and it offers
moreassurancethat designperformancewill
be achieved.

The University of Missouri-Rolla, as a
result of the study, developeda set of system
design guidelines to be applied to future
buildings on campus. Those guidelines in
volved in energyconsiderationsare:

* Wheneverpossible,cooling coil capacity
control shall be by throttling valve, resulting
in load responseby variableflow.

* No loads that are humidity-critical, be
causeof processrequirements,shall be con
nectedto the building chilled water system.
All loads representingnormaloccupancyor
human comfort shall be connected to the
chilled water system.

* Specialattentionshall be given to mini
mizingall systemauxiliary motorloads.

* If thefollowing limitationsare exceeded,
specialpermissionmustbe obtainedfrom the

University: refrigerationauxiliaries,0.25 kW
per installedton; systemauxiliaries,0.25 kW
per installedton.

* Every effortshallbemadeinbuilding and
systemdesignto minimizetheenergyrequire
mentsof the environmentalsystems.A thor
oughanalysisof theenergyrequirementsshall
be performedand reviewed with University
authoritiespriorto final designdevelopment.
Areasof specialattentionshallinclude: light
ing levels, light switchingtechniques,ventila
tion requirements,systemselectionand con
trol logic, and fenestration.

Thesedesignguidelinescould beconsidered
a methodof energyrationing,but it is hoped
that they will simply serve to make design
teamsconsciousof the energyeconomicspa
rameter.

The author wishes to acknowledge Raymond A. Halbert
of the University of Missouri and Victor E. Robeson of
the University of Missouri-Rolla for their role in the
initiation of this study.


