
54
The relationships between
system balance and
energy use

In the study of energyeconomicsrelating to
energyconversionsystems,the first step is to
identify the two fundamentalcomponentsof
the analysis,product energy and processen
ergy.

The product energyin building systemsis
thatenergywhich is requiredto directlysatisfy
space environmental needs, in the form
needed.Someexamplesof productenergyare
the heat introducedinto the room at a rate
identically equal to the rate at which heat
leavesthe room to the surroundingsandheat
extracted from the room at a rate exactly
equal to the rateat which it entersthe room
from the surroundingsor relevant internal
sourcessuch as the occupants,lighting de
vices, andappliances.

The processenergy is the energy which is
consumed by the "system" to satisfy the
productneed.Examplesof processenergyare
such energy-consumingsubsystemsas pump
energy, fan energy, psychrometric control
energy,energyto conditionexcessventilation
air, and all forms of energylosses.

Product energy and process energy

Thetotalenergyrequired,sayannually,by the
building is thenthesumof theproductenergy
and theprocessenergy.

Experiencein analyzing numerousactual
buildings and building systemshas revealed
that theprocessenergycomponentsfar exceed
theproductcomponentin by far the majority
of cases-especiallyif product energy for
refrigeration is based on ideal Carnot rela
tionships.

This chapter is directed at the need for
carefulinitial andongoingadjustmentsof the
various subsystemsand components to
achieve minimization of processenergy. It
mustberememberedthatall processenergyis
consideredenergyloss.

Systems technology advances
The field of building systemstechnologyhas
undergonesignificant technologicaladvances
throughoutthe past 30 years.The pressures
motivating theseadvanceswere suchthat the
primary design parameterand evaluationof
successof the design was the system per
formance, that is, did it satisfy the product
energyrequirement.

As aresult,very little attentionwasdirected
to processenergy requirements,and the sys
tems designedwere most forgiving of im
properadjustments.Someexamplesof these
phenomenaare:

I Oversized primary conversioncapacity
negatedtheneedfor fine tuningtheapparatus.
Even in a state of poor adjustment, the
oversizedequipmentor subsystemproduced
the output needed.

2 Low designtemperaturerangesin fluid
transportationor conveyingsystemsenabled
most heat transferelementsof the systemto
perform with flow rates far short of the
intendeddesign.An exampleof this is theflow
rate versus capacitycurve in the ASHRAE
SystemsVolumewhich illustratesthatfor a 20
F temperaturedrop coil, 50 percent design
flow provides90 percentdesignheattransfer.
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3 Multiple zoning of high-velocity dual
ductair systems,whendesignedfor thesumof
the peakflow rateswerecapableof maintain
ing space conditions regardlessof system
imbalance-acontrolwhich resultedfrom the
correct proportionatemixture of high- and
low-temperatureair streams.

Improved design yields results
In the pastdecade1965-1975,however,two
significant changesoccurred.The realization
of the limited supply of energy in the form
neededfor building systemsand increased
costsof investmentmonies.These,simultane
ous with advancesin computer technology
bothhardwareandsoftware,haveresultedin
therealizationof otherdesignparametersthat
havebeenrecognizedas an equal to that of
ultimate performance.This recognition has
resultedin the following:

I Extremelyexactinganalysisof theprod
uct requirementin theform of building design
loads,daily time-integratedloadsto carefully
identify not only peak individual spaceor
room loads but maximum coincidentsystem
loadsand annualload energyrequirements.

2 The selectionanddesign of equipment
andsubsystemsto matchthe calculateddiver
sified loads.

3 A reductionin thedependencyof simul
taneousheatingand cooling in an effort to
minimizepsychrometriccontrol processbur
dens otherwiseknown as "runaround" en
ergy.

4 Maximizing temperaturerangesin fluid
transportationsystems for the purpose of
both reducingpipe sizesand reducingpump
ing energy.

5 Variable flow fluid systemsboth trans
port fluid and conditioned air to reduce
annualenergy burden.

The systemsthus designedare much less
forgiving of pooradjustmentor balance.As a
result, the performancehas not beenas suc
cessfulin caseswhereinthe adjustmentswere
not achieved.

Also, in the earliersystems,in virtually all
of the maladjustmentswhich went unnoticed

becauseof the ability of the systemto adjust,
suchinherentsystemmaladjustmentswere at
the expenseof increasedprocessenergycon
sumption.

Two basic requirements
There are two fundamentalrequirementsin
the concernof systemadjustmentandbalanc
ing:

1 Initial adjustments.Thesearetheadjust
ment requirementswhich mustbe performed
prior to putting a newsysteminto operation.
In thecaseof existingsystemswhich areeither
being modified or subjectedto a newlyestab
lishedenergy managementprogram,the ini
tial adjustmentsmustbecompletedbeforethe
managementprogramcommences.

2 Ongoingmonitoring.Thesearetestsand
adjustmentswhich mustbe madeas a partof
thecontinuedownershipresponsibilityin car
rying out the preventive or plannedmainte
nanceprogram.

Design guidelines suggested
Providing for the initial adjustmentsshould
be the responsibilityof the systemdesigner.
Unless the systemdesignerrecognizesthese
requirementsat eachandeveryphaseof both
design developmentand constructionmoni
toring, there is little possibility of successful
accomplishment.Suggestedguidelinesfor the
designerto follow in addressingthis responsi
bility are:

I Developflow diagrams.In eachphaseof
design development,for all thermal fluid
subsystemssuch as air, water, steam,and
refrigerants,flow diagramsshould be devel
oped prior to the actuallayout andmodified
andupdatedas the layoutproceeds.The flow
diagramis the only tool that presentsa visual
indicationof theoverallsystem.Subsequently,
all balancing, testing, andadjustmentpoints
and devicesshouldbe identified on the flow
diagramsandthey shouldbe included in the
constructiondocuments.

2 Developsystemschematicsfor psychro
metric and other energy conversionsubsys
tems. Theseare analogousto the flow dia
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grams for the fluid systemsand should be
developedfor suchsubsystemsasair-handling
units, chillers, andconverters.The schematic
shouldincludesuchdevicesas controldamp
ers, control valves,and temperature-control
devices.These,like the flow diagrams,should
includeheattransferdata,flow data,pointsof
measurementfor adjustment,andadjustment
devices,and should be included in the con
structiondocuments.

3 Designa "balanceable"system.With the
helpof thediagramsthehydraulicand thermal
dynamicinterrelationshipsof thesystemcom
ponentsupon one anotherat both full load
andreduced-loadconditionsshouldbeidenti
fied. It is at this phaseof design that "de
signed-in"problemsare minimized.Suchpo
tentialproblemsasunanticipatedseriespump
ing phenomena,reverse flow paths, fluid
overdraw, etc., become evident when the
dynamicinterrelationshipsare carefully con
sidered. -

4 Assure adequatemetering characteris
tics at measuringpoints. At all points where
velocitiesare to beusedto measurevolumetric
flow rates,for instance,adequatevelocities
mustbe assuredanddesignedinto the system.
Likewise, for pressuredifferential measure
ments,adequatedropsmustbe provided.

5 Constructionplansanddetailsshouldbe
carefully coordinatedwith the flow diagrams
to assurecompatibilityand to assureadequate
accessto measurementand adjustingpoints.

6 A logistics mechanismfor effectingthe
testing and adjustmentprogram must be
achieved.This mechanismis dependentupon
the availability of technicalexpertise in the
localeof the building. The technicalexpertise
maybein theform of independenttestingand
balancingfirms, constructioncontractor,in-
house capabilities, or, in some cases this
service may have to be performed by the
design engineerhimself.

Use complete specifications
Following recognitionof the available tech
nical expertise,the logistics mechanismmust
include recognitionof the extent of the work
to be donewhenestablishingthe construction
budget, a clear definition of the work and
identification of the acceptabletechnicalex

pertise in the constructionspecifications,a
mechanismfor achieving coordination be
tweenthe designengineer,the installing con
tractor, and the testingand adjustingteam,
anda methodfor verifying that the work has
beensuccessfullyaccomplished.

Much education is needed
The ongoingmonitoring of the systemad
justmentsis, needlessto say,theresponsibility
of the building owner. It must be recognized,
however, that the need for this phase of
preventative or planned maintenanceis -a
totally new conceptto mostbuilding owners,
if not to many practitionersin the building
systemsdesignprofessionitself. Thus,a good
deal of educationremainsto be done.

This educationmustproceedas a dissemi
nation of informationamongthe engineering
communitythroughour engineeringsociety’s
technical publications,and seminarsalong
with otheravailablesources.Simultaneously,
the informeddesignprofessionalsshouldini
tiate the task of informing their clients, the
building ownersand managers,initiating at
the embryostagesof projectdescriptionand
economicanalysis.

The flow diagrams and subsystemsdia
grams discussedabove will prove to be a
useful tool in the continuedmonitoring and
adjustmentsof the system.Designfirms with
the capability shouldconsiderthe possibility
of providingtheservicesof maintenanceman
agementconsultationto building owners,and
constructioncontractorswith thecapabilities
should considerthe possibility of providing
contractedsystemmaintenancewhich should
include the ongoingtestingandadjusting.

Identify energy use areas
Theprecedingdiscussionwas directedtoward
proceduresrelevantto newbuilding projects.
However, existing building systemswhich
havebeenconstructedwithout the benefit of
this planning should be addressed.These
buildings very likely consumemore process

- energy by inherent design than the future
buildings will. As a result, there is an ever
increasing demandfor energy analysis and
resulting steps at reducingthe summaryen
ergyconsumedby their systems.Thefirst step
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in such an analysis is to develop a mathe
maticalmodel of the building energysystems
which will accuratelyidentify the sourcesof
energyconsumption,both productand pro
cess.This initial step,the resultsof which can
be verified by historical energyconsumption
recordsrequires,in mostcases,precisetesting
of the presentoperating adjustmentsand
maladjustments.Once the operationsmodes
havebeenverified by field testing, themathe
maticalmodelingcurrently availablethrough
computerprogramsis acceptablyaccurate;to
a degree that deviations from acceptable
norms of accuracylead to additional field
testing which ultimately revealsthe area or
causeof the deviation.

When this iterative processof calculation
and testing achievescompatibility with the
operations records, many of the areas of
excess energy use will have already been
identified quantitatively.

Decide on energy-saving steps
The next step in the retrofit processis to use
the mathematicalmodel the accuracy of
which hasnow beenconfirmedto determine
the effectsof changesto the product require
ment such as alternative fenestration sys
tems, processrequirementsuch as reduc
tions in total air flow or variable water
circulation, and adjustmentson the annual
energyconsumption.After anacceptablepro
gramfor modificationsin bothapparatusand
operationstechniqueshas been established,
the fundamentalrequirementsof "initial ad
justment" and "ongoing monitoring" dis
cussedaboveshouldbe effected.

Needlessto say, any programwhich does
notcontinually monitortheresultsto confirm
the successof the initial or ongoingadjust
ment will nothaveconfirmedeitherthebene
fits of the effort itself or thedegreeof success
of the responsibleagent.




