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Energy-effective machinery
can be self-financing a
case history

Life-cycle costingis an effort to quantify the
total owning costsof a system,subsystem,or
component.Owningcosts,in turn,canbestbe
segregatedinto three basic components:1
first cost or investment,2 energy costs, 3
maintenanceandservicecosts.

For many reasonsthe trend in product
developmentin recent years has been to
minimizefirst cost at the expenseof the other
two. However,with the recentlyaccelerating
increasesin energyvaluesand consciousness
of the significanceof maintenanceandservice
costs,the trend is moving towardgiving due
considerationto thesetwo components.

Life-cycle costing revealing
A mid-1975 experiencein life-cycle costing
was most interesting and revealing. In an
existing plant, two absorptionwater chillers
were to be replacedwith two new centrifugal
chillers. The preliminary designswere com
pleted, including developmentof flow dia
gramsandcompletedetailedload andenergy
studies.At this point, it was decidedto request
proposalson the chillers, and specifications
were written for life-cycle proposals.

To accountfor energycosts,the following
energy cost impact featuresof the machines
wereconsidered:

* Power impact-From the refrigeration
part load analysis, it was determinedhow
many months a year both chillers would
operate,how many monthsonechiller would
operate,and how many months no chillers
would operate.A formulawasthendeveloped

to provide a single numbermultiplier taking
into accountthesedemandsestablished,the
local utility demand rate, and present-day
value of future dollarsbasedon the owner’s
economicvariables.The bidder would then
simply multiply thefull loadcompressorpower
kW requirementof the proposedunit by this
compressorpowermultiplier to establishthe
powercost impactfor the unit.

* Compressorenergy impact-From the
combinationof therefrigerationenergyanalysis
and the part load analysis,a formula was
developed,linearizingthepartloadperformance
of the units, which provided a singlenumber
multiplier to be applied to the compressor
power requirementat a singlestatedpoint of
performanceat lessthanfull load.Thisformula
took into account the calculatednumberof
operatinghours of eachpart load condition
peryear, the graduatedcommodity rate for
the local utility companyintegratedwith the
otherfacility loads,and the present-dayvalue
of futuremoniesas describedabove.

* Waterflow resistanceimpacts-Similar
singlenumbermultipliers were developedre
lating the pressuredropsthroughthe chillers
and condensers,respectively, which consid
ered the various parametersdescribed,to be
applied to the head loss for the chiller and
product of head loss and flow rate for the
condenser.

Include maintenance contact
With calculationmethodologycurrentlyavail
able, the energyandpart load requirements
canbe quantifiedquiteaccurately.Anticipated
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maintenanceand service requirementsare.
however,muchmoredifficult if not impossible
to quantify. Thus,it wasdecidedthat theonly
way to legitimatelyinclude this ingredientin
thelife-cycleproposalwasto haveeachpropo
sal include a full maintenanceand service
contractfor anextendedtimeby themanufac
turer. The termsof the contractwere specifi
cally ennumeratedin the specification.

Eachmanufacturerwasthen requestedto
submitaproposalon a statedseriesor model
of machineto comply with specific perfor
mancerequirements.The information given
wasfull loadsystemcapacity,pipingconfigur
ation, single machinecapacity, chilled water
flow rate, enteringand leaving chilled water
temperatures,enteringcondenserwater tem
perature,andanticipatedtotalmachinehours
of operationperyear.Eachmanufacturerwas
invitedto submitadditionalproposalson any
alternativeunits in its productline that could
meetthe performancespecifications.

Bid to include energy factors
The bid form included two sections;the first
wasproductcostand energyimpact.Forany
unit proposed,thebidderstatedthecost of the
machinesand cost of start-up services;then
enteredthecompressorfull loadkW, multiplied
by the power impact factor; andenteredthe
productas a powerlife-cycle value.Similarly,
the compressorlife-cycleenergyvalue,chiller
pressuredrop life-cycle energy value, and
condenservaluewereentered.Thesesix figures
were thenadded,giving thetotallife-cyclecost
of the respectiveunit.

Theextendedmaintenanceandservicecon
tractproposalconstitutedthe secondsection
of the proposalform. Thiscost, by previously
determinedformulation, was then converted
to present-dayinvestmentdollars.

Six proposalswerereceived.The resultsare
shown in Fig. 39-1. The ordinaterepresents
the amountsand the abcissathe proposals,
startingwith proposal 1, the lowest life-cycle
cost, andextendingto thesixth proposal,the
highest life-cycle cost. The top curve is the
life-cycle costs and the lower one is the first
cost, includingstart-upservice.Thefirst cost
wasadjustedas neededto accountfor differ
encein installationcost betweenvariousma-
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chines, such as insulation, field piping of
ancillarydevices,etc. Theimpressivefeature
of the bids as revealedby the curves is the
near-perfectdivergenceor inverse relation
betweenfirst andlife-cycle costs.It illustrates
clearly that industryeffortsat investmentcost
reductionshavebeenat theexpenseof energy
consumptionand to a lesserextent, main
tenancecosts.

Thismethodologyof purchasingmajorcom
ponents,if notcompleteselectionof systems,
will go a long way toward quantifying de
cisionsthatwerepreviouslyoftenmadeon the
basisofjudgment,but it is onemoreexample
of an ever-increasingmaturity in the HVAC
industry.

Author’s Note: This chapterwasoriginally
publishedin December1975. Subsequently,
Chapter40, which details the methodology,
was publishedfollowing additional experi
encewith the technique.Approximatelyfive
years after the initial experience,the chiller
manufacturershaverespondedby developing
selectionproceduresto optimize thefirst cost
versus energy-impactrelationships of their
units, and the divergencein the two curves
shownin this chapteris becomingmuch less
cOnsistent.
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Fig. 39-1. Life-Cycle and first Cost versusbids
received.


