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The computer as a tool
for energy analysis
The engineer is the technician; the computer is the
tool. The engineer provides the judgment and skill,
and the computer yields the optimum in quantitative
data. Together they can lick many of today’s complex
energy problems.

Computershaveprovenvery useful for many
applications.In the HVAC field, they have
greatlyincreasedthecapabilityof theengineer
in designingsystems.They havealsoprovided
him with the means to study systems in
existingbuildings to effect substantialsavings
in energyandoperatingcosts.

The intent of this chapter is to discuss
relatingto the computeras a tool. The engi
neer is the technician;the computeris a tool.
How does the computerfit into the problem
solving process?

A computerperformsthe arithmeticneces
saryto yield reliabledatarequiredfor prob
lem solving.An engineerrecognizesthatmany
assumptionsandapproximationsarerequired
in solving numerousproblems.As a field of
engineeringmatures,it becomesincreasingly
exacting, requiring a diminishing use of the
"approximation"approach.

The computeris the tool thathaspermitted
engineersto reachthenth degreeof exactness
for many types of problems becauseit can
perform many complex calculationsin sec
onds. Without it, comparablecomputations
would require unreasonablelengthsof time.
Simulatingthe performanceof a HVAC sys
tem to determineannualenergyusagecould
take severalmonths,evenon the simplestof
buildings. Yet, the result would not be as

accurateas a properly designedcomputer
program could provide in a few moments.
Even changingone or two variables to ex
aminetheir effect on consumptioncouldneces
sitateredoingmany or all of the calculations.
In the past, this situation prompted many
assumptionsand approximationsto be used
in determininga building’s energyconsump
tion. To conservevaluabletime, this was a
necessaryalternative.A computerprovides
the quantitative data that otherwise would
have to be approximated;that is all that it
does!

Whena computeris applied to the areaof
energy economics, two considerationsare
necessary.First, the applied program must
containthe properalgorithmsrelating to the
problem and all mathematicalrelationships
that affectenergyconsumptionin a building.
Second, the output information should not
simply be taken as the answer. This was a
common error in some initial efforts, but as
computerized engineering problem solving
developed,it was realizedthat the answer,or
final solution, could only be obtained by
applyingskilledengineeringjudgmeni.A com
putersimply givesgoodquantitativedatathat
can be usedto arrive at bettersolutions.

The end-to-endcomputerprogram,or one
in which input data is suppliedand a final
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solution comesout, is generally not a good
engineeringprogram. Valuable data gener
atedbetweenthesetwo points, which might
indicate that a changein input is desirable,
could easily be overlooked.Input shouldbe
applied with judgmentandexperience.Thus,
interfaceprogramsare moreeffectivein engi
neeringwork.

Determining energy flow rate
Physicsis a scienceof exact definitions, and
engineeringis a subscience‘of physics.It may
be beneficial to review some of the basic
conceptscommon to both. Energyis defined
as work or thecapacityto do work. The basic
unit of energyisfoot-pounds.Theunit usedin
thethermalform is theBtu, which is by defini
tion, the equivalentof 778.26 ft-lb approxi
mately the amount of heatrequiredto raise
thetemperatureof 1 lb of water I F at standard
atmosphericpressure.

Power is the time rate of energy. Some
commonlyusedpowerunitsareBtu perhour,
tons of refrigeration, horsepower,and kilo
watts.

In energyeconomicstudies,it is imperative
that the differencebetweenenergyandpower
is clearlyunderstoodandkeptin mind. This is
significant becausepowerunits are generally
input functions to an energy program.
Clearly,control minimization of the power
aspectsof any systemreducesenergy use if
other factors, such as operatinghours, are

kept constant.To attain this condition, a
computer is not needed.If I Btuh is con
sumedfor 8760hr a year,theenergyconsumed
is 8760 Btu. The significanceof this simple
statementis that if power is reducedat the
front endof theprogram,the outputquantity
is also reduced.Explore this relationshipby
lookingat a simplediagram.

Figure 37-1 is a basic diagramof energy
flows in a building system.The largestblock
on the left representsthe space building,
zone, room, etc. being studied. The rate at
which energyentersor leavesthisspaceat any
giventimeis the load-apowerfunction. It is
a cooling load if it entersanda heatingload if
it leaves.

Once a building’s envelopeinternalenergy
systems,andoperatingschedulearefixed, this
energy flow rate becomesthe absoluteinte
gratedenergy requirement.In this analysis,
the absoluteintegratedenergyrequirementis
consideredto be theblockload,notthesumof
thepeaks.This functionis thestartingpoint in
a studyof energyeconomics.Energyrequire
mentsat the building ultimately lead to con
sumptionof resourceenergy-coal,gas, oil,
etc.-in a magnifiedform due to lossesand
inefficienciesduring distribution andconver
sion processes.

Load study is first point
The first point of applicationfor a computer
whentrying to understandand thusminimize

Energy paw or loss
from space

space load oriergyl
Terminal Terminal
delivery control
system system

Fig. 37-1. Simplified diagram of energy flows in a building system.
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usageis the load study. Load energy is a
function of:

* building design, location, and orienta
tion;

* ventilationratesbasedon contaminants;
* occupancyschedules;
* weatherconditions.

Of these four, occupancyschedulesand
weatherareessentiallyuncontrollableinputs.
The controllablevariablesof the load are:

1 Fenestrationsystems,including:

* areaof theglass;
* type of theglass;
* framing systems;
* interior shading;
* exterior shading.

2 Lighting systemsand appliances.
3 Roofing systemsand materials.
4 Wall systemsand materials.
5 Excessventilation ratesdue to:

* infiltration;
* overdesignof mechanicalsystemventila

tion rates;
* antiquatedbuilding coderequirements.

A properly designed computerized load
programenablesa designerto modify any of
thecontrolledvariablesto determinetheeffect
on design load. When consideringexisting
buildings,thelocation,orientation,andoccu
pancy are, obviously, already established.
Hence, the engineermust confine himself to
thefive controllableload variableslisted.

The effects of changesin these five vari
ables,either individually or in any combina
tion, on boththeblock loadand thesumof the
peakscan be readily determinedby a com
puter during a load study. Without a com
puter, these detailed load studieswould be
approximationsat best, in additionto being
extremelycumbersomeand time consuming.

At this point in an energyeconomicstudyit
is importantto notetwo items.First, thetime-

integrated block loads-heatingand cool
ing-on a building are the useful product
energy requirements.Second, this product
energyaspect-inputto the mechanicalsys
tem-is,exceptforexcessventilation,strictly
an architecturallycontrolledparameter.

System component definitions
Before proceedingfurther, it is necessaryto
define the terms used in the following dis
cussion.

* The terminaldeliverysystemconveysair
to and from the space.It includes the fans,
supplyand returnducts,grilles, etc.

* The terminal control systemsolves the
space psychrometric problems. It contains
everything needed to meet the conditioned
spaceneeds:cooling and heatingcoils with
associatedcontrols;controlandmixing damp
ers; airterminalunits,suchasterminal reheat,
mixing boxes,VAV terminals,etc.

* The high-leveldistribution systemcon
veys a thermal fluid from a sourceto heat
transfersurfacesuch as hot water or steam
from a boiler to a coil. This processis self-
containedin anelectricresistanceheatingcoil.
Heat is generatedby the current flow, and
combustionoccursremotelyat thegenerating
station.

* The low-level distribution systemcon
veys a fluid from a refrigerationmachinethe
source to a chilled water coil or a direct
expansioncoil the heattransfersurface.

* Motivatingenergy for theterminalcon
trol systemincludestheair energyrequiredto
operatetheair terminalunits.Theserequirea
minimum static pressureto assureproper
operation.For example,self-containedvari
able air volume terminals may require a
minimum of 2 in. WG static pressure.This
must be addedto the static pressurerequired
to operatetheductsystembeforean adequate
amountof energy is provided to operatethe
terminalunit.

Building versus system energy
Referringagainto Fig. 37-I, the secondblock
from the left representsthe terminaldelivery
system.All load energyto and from the space
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flows through it. A first law analysis* of the
space clearly shows that the energy flow
betweenthe spaceandthe terminal delivery
systemis equalto the block load energy.

Further analysis reveals that load energy
flows into or out of the deliverysystem,while
systemmotivating energy flows into the sys
tem. Whena net block heatingloadexists, the
deliverysystemmotivatingenergyflows to the
space.Energyanalysisrevealsthat the moti
vating energyfor the terminaldelivery system
often representsa major contribution to a
building’s annualenergyconsumption.

The terminalcontrol systemis represented
by the smallestbox from the left. Here, the
spacepsychrometricproblem is solved. Por
tions of this subsystemcould be integrated
with the delivery systemin actualpractice. In
this analysis,however,it is importantto iden
tify the terminalcontrol systemas a separate
subsystem.

First law analysisof the terminal control
system reveals one of the more interesting
aspects of energy consumption in HVAC
systems.The energyflow arrowsin Fig. 37-I
representinput from the high-level distribu
tion system,motivatingenergy,output to the
low-leveldistribution system,andeitherinput
or output betweenthe terminal control and
terminaldeliverysystems.Thetermshighand
low level refer to temperaturesabove and
belowspaceambientconditions,respectively;
i.e., heatingandcooling distribution systems.
The high-level distribution systemgenerates
the "runaround"energyin the overallsystem.
When the net building load is in the cooling
mode, this systemcanreceive:

* spaceenergy;
* terminal delivery systemmotivating en

ergy;
* high-leveldistribution systemenergy;
* terminal control systemmotivating en

ergy.

All of these will flow to the low-level

*The first law of thermodynamics states that classical
definition work and heat are mutually convertible. This
definition can be broadened to include all forms of energy;
i.e., one form of energy may be converted to another.

distribution system. This runaroundenergy
from the high- to the low-level distribution
systemis, as the spaceseesit, wastedenergy.
Thisconditionoften existsat full load aswell
as part load. As far as the terminal control
systemis concerned,this runaroundenergy
may be essentialto maintain thespacecondi
tions.

At full load,many building systemsutilize
runaroundenergyto makeup the difference
betweenthe block load and the sum of the
peaks. The high-level systemfalse loads the
low-level systemto preventovercoolingthe
space.Figure 37-2demonstratesthis. It shows
a singlefloor of a commercialbuilding andnet
design cooling load conditions. The block
load is 36.75tons. This is the rateof heatgain
into thespaceat designconditions.Thesumof
the peakzone loads, however,is 48.75 tons.
This is approximately33 percenthigherthan
the block load.

Many systemsare psychrometrically de
signed to handlethe load representedby the
sumof the peaks.Many othersaredesignedto
provide a cooling plant capacitysomewhere
betweenthe sum of the peaksand the block
loads.The energydifferencebetweenthe two
loads comesfrom the high-leveldistribution
system.Thus,thehigh-levelsystemfalseloads
the low-level one. From the standpointof
energyeconomics,this false loadingbecomes
evenmoresignificant. It requiresaddedheat
energyandalso addedrefrigerationenergyto

Fig. 37-2. Thus: sum of peaks is 33% greaterthan
block 2 A single floorof a commericalbuilding atnet
design cooling load conditions.
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removethe extraheatenergy,hencethe term
runaroundenergyevolved.

Typical examplesof falseloading are: hot
decks of dual streamsystems;reheat coils;
perimeterradiation in conjunctionwith cold
deck VAV systems;and single fan, multiple
zoneeconomizersystemsthosethat provide
winter cooling with low temperatureoutdoor
air in lieu of refrigeration. As previously
mentioned,the externalenergyfor the termi
nal control systemoften is a significant con
tributor to energy consumptionwhen high-
pressuredelivery air is required to "control"
the terminalunits.

Energyis transferredbetweenthe terminal
control systemand the high- and low-level
sourcesystemsthrough their respectivedis
tribution systems.In an actualsystemcon
figuration, thesesystemsare oftenintegrated
with the terminal delivery systems.External
energy is often required to motivate this
energytransfer,andsignificant savingsoften
can be achievedby careful systemanalysis.
Forexamplewith water,or othersingle-phase
heattransferfluids, doubling thetemperature
range halves the flow rate, which in turn,
reducesthe power pump horsepowerand
energyrequired.

In existingbuildings,this halvingapproach
would reducethe distribution systemenergy
to as low as one-eighthof its original value.

High- versus low-level sources
Thefirst law energybalancealsoappliesto the
high-level source systemwhere either fossil
fuelsor electricityareconvertedminuslosses
to the heatenergysuppliedto the high-level
distribution system.

The low-level source system follows the
secondlaw of thermodynamics:heatwill not
flow of its own accordfrom a cold to a warm
sink. Thus, it requires external energy to
transfer the energy from that system to an
availableheatsink. This externalenergymay
be in the form of a prime mover or, with
absorption refrigeration, heat energy. It is
important to remember that the external
energyappliedto powerthe refrigerationunit
is not theonly input. All parasiticloadson the
system,suchas condenserwaterpumps,con-
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Fig. 37-3. An exponential curve depicting the decline
in efficiency as the load decreases.

denser fans, cooling tower fans, control
power, ventilation fans, etc., must also be
considered.

Building environmentalcontrolsystemsop
erate at less than design load for a major
portion of the year. Therefore, any valid
energy analysis should recognizepart load
performancecharacteristicsof the high- and
low-level sourcesystems.Virtually all energy
conversionsystemsbecomeless efficient use
ful power output/power input as the load
decreasesfrom the design capacity.The ex
ponentialcurve in Fig. 37-3 depictsthis com
monsystemcharacteristic.Thefixed parasitic
loadsestablishtherateof increaseof input to
output as the load decreases,and the curve

0 20 40 60 80 100
Percent full laad

Fig. 37-4. A linearized curve as in Fig. 37-3.
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approachesinfinite input perunit output at
zero load. An example of this is a boiler
maintained at operating temperaturewhen
thereis no heatingdemand.Thecurvein Fig.
37-3canbe linearizedFig. 37-4for computer
programming purposesby multiplying the
ordinateby the abscissa.

From load to energy analysis
It is with recognitionof theproperalgorithms
andconceptspreviouslydiscussedthatacom
puterprogramto analyzeenergyconsumption
in a building is employed.Also, humaninter
facewith the outputof the load programand
theinput to the energyprogramis essentialin
order to ‘arrive at the best energy reduction
solution.

Figure 37-5 illustrates the minimum re
quirements and output data of an energy
analysis.This discussionis concernedwith
the applicationof theseprogramsratherthan
an in-depthdiscussionof the programsthem
selves.It was statedat the beginning of this
chapterthat the computeris a tool. As such,
the user applies it to determinewhat system
modifications and/or changes in operating
techniquesarepracticalto achievethe desired
goals.

Existing buildingsprovide the opportunity
for immediatereductionsin energyusecom
pared to projects in the design stage. The
procedurefor applying computeranalysisto
existingbuildings is as follows:

I Study the building plansif available.
2 Make a building survey to check the

actual building conditions againstthe plans
and/or to gather what pertinent data are
requiredto perform the study.

3 Run a load programcalculation.
4 Input the energyprogramwith the out

put datafrom the load programand all the
necessarydatarelatingto themechanical!elec
trical systemsand the building use param
eters.

5 Compare the output from the energy
programwith historicalenergyconsumption
recordsof the building, suchas monthlyand
annualfuel andelectricconsumptionfrom the
utility bills.

6 Identify the reasonsfor any differences
betweencalculatedquantitiesand the histor
ical data.Examplesof differencesare:

* impropercalibrationof controls;
* damperleakage;
* operatingtechniques;

INPUT

Computer

program

OUTPUT

INPUT

Loads information
Design conditions winter and summer
Design heating and cooling building load

Systems information
Type of system:

Heatcool-off. variable air volume, reheat.
multizone, double duct, or combination thereat.

Temperature charactaristics
Cold and hot deck temperature or reset schedule,

Other features
tcoreniizer and control mode
Heat pump and limits
Heat reclaim and limits

Equipment and subsystems information
Part load characgaristics:

Heat conversion apparatus
Ref ridgerution machinery
Pumps
Faos
Heat relectiun apparatus

Other energy systems
Lighting
Domestic hot water
Domestic water pressurizing

Building occupancy schedule

Electric energy requirements
Oemand and consumption each month by:

Primary thermal apparatus
Primary coaling apparatus
Cooling pumps
Heating pumps
System laos
Heat dissipation
Lights
Domestic hot water
Domestic water pumping
Integration ol above

Fuel energy requirements
Demand and consumption each month by:

Primary thermal apparatus
Primary cooling opparatus
Domestic hot Water
lntegratinn of above

kea weather deck

Fig. 37-5. The minimum requirements and output data for an energy analysis program.
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* installationerrors;
* designerrors.

7 With the knowledge of the relevant
energy-consumingcontributors,startingwith.
the building design,explorepracticalbuilding
andsystemmodificationsand controland or
operating techniquesby processing them
throughthe loadandenergyprograms.From
the energysavingsdeveloped,determinethe
dollar savingsyieldedby eachmodification.

8 Determine the costs of implementing
each of the various conservationsteps ana
lyzed.

9 Conducta quantitativecomparisonbe
tweenthe energycost savingsand theimple
mentationcosts.

10 Determinethe combinedowning and
operatingcostsand the rateof returnfor each
conservationmeasure.

II Fromall of this information,preparea
feasiblecourseof action in implementingthe
stepsthat proveeconomicallyviable.

It is the quantitativeaspectthat is provided
by the computer.Reductionsin energycon
sumptioncanbe accomplishedin virtually all
existing building systems. However, when
modificationsare undertakencapitalinvest
ment is often required,and only a thorough
quantitativeanalysiswill determinethe wis
dom Of the investment.

With avalid energyprogram,thecalculated
results can be assumedcorrect, adjusting, of
course, for statisiical versus actual weather
conditions.Obviously,this alsodependson all
input factorsbeing correct. Many times, fac
tors causinghigh-energyuseproblemscanbe
readily identified and correctedwith little or
no capital investment,and engineeringcosts
representthe only expenseinvolved.

Properunderstandingof thefactorsaffect
ing energy usage in buildings and of the
relevantalgorithmsin computingthis energy
use will permit the userto intelligently apply
thecomputerto solving most,if notall, of the
problemshe is likely to encounter.


