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Energy audits
A necessarytool in any energy management
program is the energy audit. An audit as
defined in Webster’sis "a formal or official
examinationand verificationof accounts."In
the case of an energy audit, what is being
accountedfor is the energyconsumed.Such
energyauditscanbe consideredin manyways
analogousto financial audits, both in their
degreeof thoroughnessand in their purpose.
Regardingthoroughness,just as with afinan
cial audit, specificity is absolutelyrequired.
The extentof verification,however,is depen
dent on the accuracy desired;elementsnot
well substantiatedor verified must be so
qualified.

Two types of energy audits

Thereare two major types of energy audits.
One is the initial or exploratory audit; the
other is the ongoingmanagementaudit. The
exploratoryaudit is generallyperformedas a
preliminarystepprior to instituting an energy
retrofit oran energymanagementprogram.It
is the exploratory audit that revealsall addi
tional efforts that can or should be madeto
reduceenergyconsumption.In this regard,a
poorly performed audit is like an inferior
foundationundera building. If the explora
tory audit is not done well, the entireimple
mentation or managementprogram will al
most certainlyfail!

The ongoingmanagementaudit is analo
gous to a periodic financial audit of the
records of a business.Without the periodic
financial audit, the businessmanagercannot
be certainof his financialposition,successes,
or failures. Similarly, without a periodic en
ergyaudit, onecannotascertainthesuccessof
the energy managementprogram. A major
differencebetweenthe two auditsis that the
exploratory audit is necessarilyconducted

with the information available from past
records whereasthe ongoing management
audits rely on meteringand other recording
devicesincorporatedinto the systemsto pro
vide inputto theenergymanagementprogram.

Develop annual energy profile
The first step in the exploratory audit is to
develop an annual building energy profile.
Most buildings employ two types of energy,
purchasedandprovidedat thebuilding bound
ary:electricaland thermal.Theelectricenergy
is generallyusedfor lightingandpowerdrives
and the thermal for heatingand, possibly,
thermallymotivatedcooling in somecases,of
course,electric energy is utilized to provide
the thermalneeds.The electricity, in the vast
majority of circumstances,is metered;and
thus, theinformation containedin the meter
ing recordsprovides reliable historical data
for the electricalenergyprofile. Further,this
information is generallyprovidedto thebuild
ing owner monthly on his electric bill by the
utility company. The information typically
provided, in additionto thecost, includes:

* Serviceperiod. This definesthe datesof
servicecovered by the bill, or the dateson
which the meter was readfor the currentand
previousbillings. The service period is most
importantin constructingan energyprofile.

* Energy consumption. The energy con
sumed, in kilowatt-hours KWH, is always
shown;and on most forms the actualmeter
readings at the beginning and end of the
periodare shown.

* Poweror demand.If therateunderwhich
the energy is being sold containsa demand
charge,the highest 15 minuteintegratedde
mandfor the period is shown. Although the
demanditself is notusedto developan energy
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profile, it canbe usedfor thedemandanalysis
of an audit.

Although only theenergyconsumptionand
thedatesof servicearerequiredto developthe
energy profile, an energy managementpro
gramcannotbe instigateduntil theanalysthas
a thorough understandingof theutility’s rate
structure.Thus,at this stageof the study, he
should obtain and thoroughlystudythe rate
structureseeChapter32.

To developthe profile, the analystobtains
billing information for the immediately pre
cedingcalendaryear,JanuarythroughDecem
ber. For each month or closest period
thereto, the energy consumedis divided by
the number of days of the billing period,
providing the averageKWH per day of the
period. This normalization is essential in
developinga profile. The periods between
meter readingswill often varyby as much as
40 percent,thus having more effect on the
energyconsumptionduring that period than
other variables such as weather, building
occupancy,etc. The normalizedenergycon
sumptiondataarethen plottedon theordinate
againstthe monthson the abscissa.

If thermalenergyis purchasedin a metered
form,as is the casewith naturalgas or steam,
the profile developmentis similar to that for
electricity.The amountof energy,either in the
quantity billed or that quantity reducedto
thermalunits Btu is normalizedby dividing
by the days of the billing period and plotted
againstthe months.

The annual energy profiles so developed
reveal a significant amount of data about a
building’s energysystemsand their manage
ment.

Figure 31-1 is a typical electrical energy
profile for a building in the Midwest. It is
immediately evident that this profile is for a
building with electricallydriven air condition
ing and not with electric heat. The lower
plateaufrom January through March and
November through Decemberis called the
"base" use. This base use is generally not
weatherrelated but rather more directly re
lated to usepatterns,systems,andoccupancy
schedules.

Figure 31-2 is a typical thermal energy
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Fig. 31-1. Electrical energy profile.

profile for a building in the Midwest. This is a
commonprofilefor a gasheatedbuilding with
some minimal gas use for service hot water
and perhapscooking.Thecurve shaperelates
very closely to heatingdegree-days.

From thesetwo simpleshapes,many other
combinationsappear,suchaselectricheating,
reheat control, dual-streamcontrol, absorp
tion cooling, etc. With very little experience,
the analyst finds that these profiles reveal
untold information about the building’s en
ergy systems.The developmentof thesepro-
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Fig. 31-2. Thermal energy profile.
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files is quite simpleand takesvery little time.
Yet the profiles represent one of the most
importanttools,bothforperformingtheaudit
and effecting the ongoingmanagementpro
gram.

Components of energy use
The next step in conducting an audit is to
identify the componentusesthat createdthe
historical profile. Again, since an audit by
definition implies specificity, the degree of
approximationandguessworkmustbe held to
apracticalminimum. If thereis anydifference
betweenso-called mini-audits and maxi-au
dits, it shouldnot lie in the generalscopebut
simply in the degree of thoroughnessand
exactnessin carryingout this step.

The general categoriesof use that are in
cluded in audits for commercial or institu
tional buildings, such as office buildings or
schools,will be discussedhere for illustrative
purposes.Other types of buildings, such as
health care facilities, manufacturingplants,
etc.,would usuallyhaveadditionalcategories.

Conceptually,the categoriesare end-use
categories.Generally,thesearedefinedby the
point wheretheenergyin theform purchased
is convertedto accomplishan intendedfunc
tion, suchas electricenergybeingconvertedto
"fan" energyor "light" energy,or fuel energy
being convertedto a form usable for space
heat. If the categoriesare subdivided into
morecomponents,theaudit is not necessarily
more accuratesince all elementsmust be
included regardless,but it may be more
useful.Thus,a major decisionin theorganiza
tion of the audit is the categorizationof
components.For example, the fuel energy
that is convertedin the boiler to hotwaterfor
building heatcould be categorizedas "heat"
energy. A more useful option might be to
subdividethis further into categoriesof space
heatand ventilation. Another and still more
usefulstepmight subdividetheenergyin, say,
a reheatordual-streamsysteminto transmis
sion net heat, ventilation heat, and control
heat. The concept is that the more finely the
pie is sliced, the more information will be
available to make constructive use of the
audit.

Categories grouped for audit
For illustrative purposes, a grouping of cate
goriesanda briefdiscussionof themethodsof
developingthe audit quantitiesfollows. As
sumethat for theexamplebuilding, electricity
is purchasedto servethe lighting and power
drive mechanicalrequirements,refrigeration
is vaporcompression,andutility naturalgasis
purchasedto satisfyall end-usethermalneeds.

* Lighting-All of the light fixtures in the
building must be inventoried in a systematic
and logical mannerandcategorizedby switch
ing circuits.Then, throughthoroughconsulta
tion with thebuilding managementgroup,the
operators,and the occupants,a use schedule
for eachday of the week, with appropriate
seasonalvariations, is developed.The use
schedulein someformatrelatesthe hoursthat
the lights areon in a given period. If multiple
switchingcircuits are combined,the schedule
can use the techniqueof decimalportionsof
the whole. In any event, for eachgroup of
lighting, the energy consumedis simply the
productof light plus ballastwattageand the
hoursof use,expressedin kilowatt-hours.As
for all usecategories,this is doneon a monthly
basis, then summedup for the year. The
purposeof the monthlycalculationis to per
mit comparisonof the final totals with the
historical profiles as discussedabove.

* Fans-Thesecould be subdivided into
more than one subcategory,such as supply
fans, returnfans,exhaustfans,etc.The inven
tory techniqueand energy use development
are somewhatsimilar to those for lighting.
Thefirst step is to inventoryeachfan, identify
ing its useandmotorsize. For betteraccuracy,
the motor current and voltage can be mea
suredwith relatively simple and inexpensive
instrumentssothat theactualoperatingpower
kilowatts can be determinedfrom a motor
characteristiccurve. As with the lighting, the
operatinghours for each fan are then deter
mined and the multiplication performedto
obtainthefanenergyconsumedfor the period.

* Heating andcooling auxiliaries-Again,
at theanalyst’soption thereare severalpossi
ble categorizations.One such grouping de
pending on the relevanceto the specific sys



ENERGY AUDITS 103

tem might bechilled waterpumps,condenser
water pumps,cooling towers, heating water
pumps, and boiler fans forced or induced
draft. Although the previous categoriesof
lighting and fans accountfor the majority of
energyconsumptionin mostmoderncommer
cial and institutional buildings, the auxiliary
category introducesthe needfor morecom
plex calculations. Thesewill be considered
individually.

Pumps are of two types
Chilled waterpumpsandheatingwaterpumps
generally fall into one of two types. If they
circulatea systemwith eitherwild flow loads
or three-wayvalve loads,they will generally
run continuouslywheneverthe system is in
operation. In this case,the pumpsare inven
toried in the same manneras the fans to
determinetheir kilowatt powerrequirements,
whicharethenmultiplied by monthlyhoursof
systemoperationto determinemonthly energy
consumption.

If the pumpscirculatea systemwith throt
tling valve load control, the flow rate can be
assumedto vary linearly with load; then by
simply linearizingthe part load performance
of the pump-motorassembly,onecanobtain
the energyconsumptionfrom the product of
the full load power requirement,the hoursof
operation,andtheloadfactor for thosehours.

In the calculations prior to this one, the
energydeterminationscould be madeby sim
ply multiplying load sizes by their hours of
operation.Their accuracycould not be im
provedby any othermethod,no matterhow
muchmoresophisticatedthana pen,pad,and
knowledgeof basicarithmetic.The necessary
introduction of the load factor multiplier at
this point, however, could conceivably be
accomplishedwith a greatdealmoreprecision
by usingappropriatecomputertechniques.It
is important to realize that the use of the
computerwill simply improve theaccuracyof
the results.But in manycases,skilledanali’sts
can achievea perfectly acceptabledegreeof
accuracywith manualcalculations.

Condenserwaterpumpsare generallyif not
alwaysarrangedfor constantflow whenoper
ating. Thus,the monthly energyconsumption

is simply themeasuredkilowattpowerrequire
ment for the pump or pumpstimesthe hours
of operation.Since thepumpsareinterlocked
with the refrigeration unit or units, their
operatinghoursare the sameas the refrigera
tion apparatus.Understandingthe piping,
interlock system,andoperatingproceduresis
important since it has been found that the
majorityof systemswith multiple refrigeration
machinesutilize a common condenserwater
circuit. Thus,eventhoughtheremay be, say,
three chillers and three pumps, if it is a
common circuit all the pumpsmay run even
when only one chiller is required.It may be,
however, that the operatorsmanually valve
out the condensersof the "off" chillers and
thereby stage the condenserwater pumps.
Thus the necessityof understandingall three
elements-pipingconfiguration,interlock sys
tem, and method of operation!

Several methods can be used
The hoursof operationcanbe determinedby
any of several methods. The least sophisti
catedand leastaccurateis a statisticalestimate
adjustedby thehistoricalenergyrecordfor the
unit; the most accurateis a thoroughmathe
maticalload analysisfor therefrigerationsys
tem, one that reveals the need for specific
amountsof cooling for a given number of
hours each month or year. The latter is an
extremelytimeconsumingandcomplexcalcu
lation, usuallynot attemptedwithout the use
of a computer.

The energy consumptionof the cooling
tower fans, also a product of the actual
kilowatt consumption times the hours of
operation,is determinedin thesamewaythat
thepumpenergywascalculated.Thethorough
or moreanalyticalcalculationapproach,how
ever, is a bit more complex becauseof the
cycling of the fan, not only on low building
loadsbutalso whenthe wet bulbtemperature
is lower. Again, it is imperative that the
auditoror analystunderstandthe mannerin
which the cooling tower fans are controlled
and/or operated.

Otherauxiliariesare related to the heating
systemand includeburners,inducedor forced
draft fans, condensatepumps, and boiler
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room ventilating fans. Although these are
usually a relatively small componentof use,
they shouldnot be neglected.It is often the
smallermotor loadsthat arefound to run for
many hoursthat are significant contributors
to the energy consumption and offer the
greatest opportunity for conservation.An
understandingof the control methodsfor
theseauxiliarieswill provide the key to cal
culating the hoursof operation.The monthly
andannualconsumptionsare thencalculated
in much the same manner as the cooling
auxiliaries.

* Refrigeration compressorenergy-In
manybuildings,theairconditioningrefrigera
tion compressorsis the largest individual
motoror powercomponent.If the building is
relatively simple in its configuration or the
environmentalsystem operatesin a "heat-
cool-off" mode, the refrigerationcompressor
energycanbe determinedwithin a reasonable
degreeof accuracyby a simplecoolingdegree-
day calculation. In more complex systems,
somewhatmorecomplexcalculationsmay be
mandated.In suchcases,the most rudimen
tary approachis to breakthe time-integrated
cooling loads down into the componentsof:
transmissionand solar; internal; ventilation;
andreheator otherfalseload.

In this manner,by dividing the operating
hours into selected divisions of occupancy
modes and weather-related"bins," one can
makea reasonablyaccurateapproximation.If
a higherdegreeof accuracyis desired,a digital
computerprogramthat includestheseparam
etersin all relevantdetailscan be employed.

* "Other"electricalenergy-Thiscategory,
in a givenbuilding,could includecomponents
such as elevators,conveyors,door openers,
office machines,computers,and any other
loadsconnectedto the electricalsystem.For
each,the energyconsumptionis estimatedby
the simplebut sometimestediousprocessof
multiplying the hours of use by the power
requirementkW or watts and the use load
factor equalto or less thanunity.

Thermal energy components
Thermalenergyin a building like theexample
described has fewer categoriesto be con-

sideredthanelectricalenergy.It could,how
ever, be a much more significant cost item
thanelectricalenergy.Themajor components
are spaceheat, domestic hot water, and
"other."

* Spaceheat-Themethodof determining
the thermalor fuel energyrequiredfor space
heat is similar to that used for calculating
refrigerationdriveenergy.If thebuilding hasa
simple heat-cool-off system, with small in
ternal loads,a simpledegree-daycalculation
utilizing a fuel conversionefficiencybasedon
a seriesof relatively simple combustioneffi
ciencytestswill providea reasonablyaccurate
answer. If, however, there are appreciable
internal loads, and/or the environmental sys
tem consists of simultaneousheating and
cooling for control, more rigorous calcula
tions are mandated.

Thesecalculations,like those for cooling,
are bestsegmentedinto componentsof trans
mission, ventilation, and control heat and
thenperformedconsideringoperatinghours,
occupancyschedules,andweatherbins. Also,
like the refrigeration energy determination,
manualcalculationsincluding the necessary
algorithmscan provide acceptablyaccurate
results,butthereis reasonto rely oncomputer
calculationsif that methodologyis available.

* Domestichotwater-Domestichotwater
consumptionin buildingssuchas theexample
building is usually quite small. The monthly
andannualusecanbedeterminedstatistically
by usingconsumptionratesfrom theNational
PlumbingCodeor ASHRAE dataandadding
the piping systemlosseswhich often exceed
the consumptionenergy.Improvedaccuracy
canbeachievedif thehot wateris metered,but
this is seldomavailable for an exploratory
audit.

* "Other" heat-Consumptionof fuel or
thermal energy for cooking, deicing, snow
melting, or any other use should be investi
gated and added into this category. The
importantthing is that no useor consumption
categorybe left unidentified.Forexample,in
a large steam systemit is quite common to
vent the return system. This "venting" con
sumptionmust be recognized;it could repre
senta significant use.
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Electricity Fuel

Fig. 31-3. Annual energy consumption in electric
and thermal forms for example building.

The accompanyingbarcharts in Fig. 31-3
showthe resultsof the usecategoryphaseof a
typical audit of a building of the type con
sidered.

Various uses of audits
The mathematicallydevelopedmonthly con
sumption values are plotted on an energy
profile diagram.The preferredmethod is to
superimposethe calculatedprofile plot on the
historical. This provides an easy method of
determining the accuracy of the calculated
values. In mostcases,theinitial attemptatthis
comparisonwill reveala significant deviation
betweenthe two graphs. Generallyparticu

larly with electricity, it canbe assumedthat
the meteredvaluesare correctif propercare
was exercisedin developing the historical
profile andthat any deviationis a result of
inaccuracies in the calculated values. The
natureof thedeviations,however,will almost
assuredlypoint to the sourceof theerror. For
example,if the meteredprofile for electrical
energyindicatesa considerablyhigherannual
consumptionbut the monthly deviation is
constantsameshapecurve but higher, the
analystshould look for an underestimatein
somenonweather-relatedcomponentsuchas
lighting. It may be that in establishingthe
operatinghours-percentusagematrix,the use
by night custodialpersonnelwas overlooked.

If considerably more fuel and electrical
energywere usedin the springand fall and the
systemhaselectricrefrigerationand fuel-fired
reheat,the deviationwould point to an error
in estimating or calculatingthe reheator
control energyinput from both sources.

Thus, after analyzingthe extent and the
natureof the deviations,the analystrecalcu
latestheusecomponentsin subsequent"tries"
until an acceptablematchis obtained.Gener
ally,a deviationon the orderof 5 percentis the
targetalthoughit is notuncommonto accom
plish a matchwithin 2 to 3 percentdeviation.
Once the match is deemed acceptablethe
mathematicalmodel for theenergyconsump
tion can be consideredvalid.

Bar chartssuchas those illustratedin Fig.
31-3 are then developedfor the final model.
This could be consideredthe final step in the
exploratoryaudit.

Thereare numeroususesfor an audit, but
the commonestare to serve as the basis for
energymanagementfeasibility considerations,
as a format in settingfuture energy budgets,
and as baseconsumptiondataagainstwhich
future usepatternscanbe compared.

Referringto thebarchartsin Fig. 31-3, the
following usepercentagesare illustrated:

* Electricity-Lighting,25 percent;supply,
return,andexhaustfans,40 percent;refrigera
tion compressors,20 percent; cooling and
heatingauxiliaries, 10 percent;andmiscellane
ous, 5 percent.

* Fuel-Spaceheatingandventilation, 60
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percent;controlheat, 30 percent;anddomes
tic hot water, 10 percent.

Study determines feasibility
A comparativestudy of the use percentages
leads quickly into the feasibility considera
tions. For example, the fans are seen to
representthe largest single component of
electrical consumption. It could readily be
determinedhow manyhoursperyear thefans
could be cycled off if an unoccupiedcontrol
mode were added.The calculationwould be
redonewith the newoperatinghours,andthe
resultsof thatsingulareffort specificallyiden
tified. Similar reasoningis appliedtoeachuse
component,theanalysisdone,andtheresults
obtained.The newenergyusequantitiesthus
calculatedfor each feasibility option are ex
tendedto a monetarysavingsby application
of theappropriaterates;andby comparisonto
the estimatedimplementationcostfor that
respectiveoption, thefeasibility is determined.

Thevalueof thisapproachas theintroduc
tory effort in anenergymanagementprogram
cannot be overemphasized.It is the only
approachthat will provide a quantitative,
confirmable, relatively accuratemethod for
determiningthe valueof investingcapitalfor
the purposeof reducingenergycosts.

Consider other "action" steps
The subsequent"action" stepsof the energy
managementprogramincluderetrofit, opera
tion, and monitoring. Following the retrofit
work and/or appropriatechanges in oper
ating techniquesfor both the building use
schedulingand the energysystems,the suc
cessof theefforts is determinedthroughvari
oustechniquesof monitoring. Onesuchtech
nique,requiringlittle effort andsuggestedasa
minimum, is to plot the baseconsumption
profile historical and superimposeit on the
new anticipatedprofile obtained from the
mathematicalmodelcontainingthefinal retro
fit and operationmodifications. Then, each
month theenergyinvoicesare analyzed,nor
malized to the daysin the billing period, and
comparedto the"budget" on the graph.If the

budget is not being met i.e., actual use
exceedsthe budget the cause should be
determinedandappropriatechangesor cor
rectionsmade.

Management audit is next step
Thenextstepof sophisticationis to extendthe
monitoringinto theformat of theongoingor
managementaudit. This consistsof a periodic
usually monthly component use develop
ment analysis of the energy consumption.
With proper planning, this can be accom
plished quite simply. Several types of sub-
meteringare available that can be used to
provide the data for a reasonablyaccurate
monthly audit. Examplesof suchdevicesare
volumetric displacementwater metersin do
mestichot water makeuplines and in steam
condensatesystems, lapsed time clocks on
constantpower electricalloads suchas many
fanand pump motors, and electrickilowatt-
hour meters on variable electrical loads.
Then,whentheactualusagedeviatesfrom the
budgetedquantities,thesecontinuingor man
agementaudits will tend to pinpoint the
sourcesof suchdeviations.

Theenergyaudit and budget,as well as the
entire concept of energy use management,
representa new and unproven field of en
deavor. Although the need has beenalmost
universally recognized, the implementation
techniqueshave been misdirected,misused,
and oversimplified to the point of counter-
effectivenessin energyconservation.Thetech
niques discussedhereinare direct and have
beeneffectively employedcommerciallyfor a
numberof years.

Earlier it wasemphasizedthat theseaudits
can be done with reasonableaccuracyusing
manual calculationmethods.Computerized
techniquesfor theexploratoryauditanalyses,
operations, and managementauditing are
strongly recommendedwhen they are avail
able, however.Consideredin this way, both
the value and the properuse of the computer
asit appliesto energyconservationeffortscan
be kept in perspective.


