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Investment optimization: a
methodology for life-cycle
cost analysis

This chapter presents a methodology for life-cycle
cost analysis that has been developed and subjected
to marketplace experiences in both the private sector
and state institutional sector.

Life-cycle costingLCC is a conceptto which
mostpractitionersin the building designpro
fession readily relate. Much work has been
recentlydoneto promotethestateof the art in
this concept,the majority being fundedand
effectedby variousdepartmentsof the federal
government.Disseminationof the data ob
tained,complexeconomicconceptsemployed,
andexperiencesgainedhavebeenaggressively
pursuedboth by the sponsoringagenciesand
the contractualmanufacturerswho havepar
ticipated in some of the demonstrationpro
grams.

The fact remains,however, that the com
mercial and nongovernmentalinstitutional
sectors of the building industry-although
anxious to take advantageof any available
sound investmentopportunities-havebeen
slow to acceptLCC techniques.As energy
costs become an evermoresignificant com
ponent of the owning costs of thermal sys
tems, and in keepingwith tried and proven
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businesspractices,theneedfora soundmethod
ology for applying thoseconceptsincreases.

Establish life expectancy
Most previousattemptsat purchasingon the
basisof LCC have notbeen successfulbecause
they were basedupon a false premise.That
premisewas that one must identify the "life
expectancyof the subject" to establish the
LCC. To support this recognition, the fact is
that life expectancyof suchthings as major
machinerycomponents,pipingsystems,build
ing structures,and the like, is not a specific
time span. It is, rather, one variable in a
complexformula,dependentuponnumerous
othervariables.The major independentvari
ables,both interrelatedwith economics,are
maintenanceandobsolescence.As anexample,
a properlymaintainedrefrigerationcompres
sor will last indefinitely barringdestruction
from "system" malfunctions, if the main
tenanceprogramestablishedassuresreplace
mentof thewearingcomponentsprior to their
total failure. If it is a nonmaintainableor
nonserviceablecompressor,then the com
pressoras a whole becomesa replaceable
componentof a largersubsystemsuch as a
chiller. Thus, in determiningowningcosts,if
adequatemoniesareallocatedfor maintenance
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and service M,/S, the machine will never
"wear out." Machineryandbuildingsare not
organicobjectssuchasanimalandplant life-
thus, man has total control over their "life
expectancy."

Consider obsolescence
The secondindependentvariable is the only
onewhich truly limits the life of the building
and the building system: obsolescence.The
subjectbecomesobsoletewhena moredesir
ablesubjectis available to performthe same
function.

Thus, to establisha true LCC study on a
building and its energy systemsthe only
realistic"life" that canbe establishedmustbe
baseduponthe estimateof thetimepreceding
obsolescence.

The proposition, then, is that decisions
madein theexpendingof fundsto constructa
building are not actualymadeon the basis of
the life expectancyof the structureerected.
They are madeon the basis of return on the
investmentin thecaseof commercialventures,
resolution or repaymentof constructionor
corporatebondsin large businessesand in
stitutions,andoptimumcost!benefitratiosin
stateand local governmentinstitutions.Other
basessometimesexist, butmostrelatein some
wayto thefreeenterpriseconceptof returnon
investmentROI. The timeprecedingantici
patedobsolescence,in this regardbecomesthe
upper limit.

To expandthis proposition,then,perhaps
the term life-cycle costing-whenapplied to
monetaryinvestments-shouldbe changedto
somethingsuch as investmentoptimization,
or otherwiseredefinedto removethestigmaof
direct life expectancyof the subject. Every
astutebusinessmanor investor is concerned
with thesolidarityof his investmentfor its life
span,but his first and foremostconcernis the
economicwisdomof theinvestment!Thus,to
interestsuchinvestors,the methodologyem
ployed will succeedonly if it resultsin a more
favorableinvestment.

Back to basics
In thedevelopmentof themethodology,some
basic economicconceptsmustbe addressed.

First, no componentof a building or building
project"earns"money.To thecontrary,virtu
ally everycomponentcostsmoneyto purchase
and install, and thereaftercontinuesto cost
moneyto operateandmaintain.Forexample,

‘when a building investor purchasesan air
handlingunit, afterpayingfor it, hecontinues
to pay to operate,maintain,andserviceit for
aslong asheownsit. Whatearnsmoneyis the
spacewhich is usablefor a purpose.In an
office building,the incomeis generatedby the
usablearea,in ahospitalit is thepatientbeds,
laboratoryproducts,etc. In both investment
andoperatingcosts,the componentis simply
one of the costs in providing the usableor
revenue-generatingarea, beds, or whatever.
Thesameis truein industrialproduction:The
productearnsthe revenue;theeconomiccom
plexities of the productionmachinerysimply
representcosts.Every investorrecognizesthis
since the difference betweensale price and
costs either representsprofit or improved
service.

Thus,thefamiliar pro forma,or revenue-to-
costs projection format is not the form to
employin developingan investmentoptimiza
tion analysis.Theanalysisassumesthateither
wisdom of the investmenthas alreadybeen
confirmed on the basis of approximatedor
anticipatedgoals,or that theanalysisis being
employedto validate the pro forma.

No absolute best decision
Second,thereis no "absolute"bestdecisionin
the purchasingof a componentof a revenue-
generatingentity if the componenthas both
investmentcost burdensand operatingcost
burdens.Rather, thereis only a comparative
"best." For example,the decisionto build a
commercialoffice building, school,hospital,
etc., is madeon thebasisof statisticaleconom
ics, one parameterof which is "need." Once
this parameteris temperedwith otherparam
eterssuch as the cost of investmentmonies,
the degree of the need which reflects in
possiblerentalrevenue,tax parameters,and
rough estimatesof operatingcosts energy,
maintenance,insurance,taxes,etc., the pre
liminary decisionto proceedwith the project
is made. It is after this that the specificsof
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addressingthe individual design decisions
regardingsystemsand componentsare mani
fest. At this point, all decisionsare compara
tive-System A versus System B, Unit C
versusUnit D, etc. By resolution of these
decisions,the valueof the overall investment
is optimized.

Third, the most beneficial or optimum
investmentis not thesamefor all investorsor
for all projects.Failureto recognizethis is the
paramountreasonthat thestatementhasbeen
made". . . life cyclecosting,asappliedto the
building industries,is relativelyunaccepted."
Most techniquesof LCC previouslypresented
endeavoredto key the formula into the life
expectancyof the building or the component
being analyzed.When, in fact, to the specific
investorfor a specificventure,this haslittle to
do with his concerns.

Investment optimization method
A life-cycle costingmethodologybasedupon
the foregoing observations,entitled invest
ment optimizationJO is suggested.The first
stepat developingan JO analysisis to estab
lish the requirementsfor the ROI on thebasis
of straightpayback.The investor must,after
taking all of the relevant parametersinto
consideration,reducehis expressionof the
investeddollar to a straightpaybackconstant.
This constantn is dimensionally "years."
The formula is

Id!Rd n

where

Id = differential investmentdollars,
Rd differential returndollars!year,
n = paybackperiodyears.

The ration, is a function of many complex
economicparameters.Theseinclude interest
rates or value of investmentmonies,present
value of future monies,tax parametersrelat
ing to capital investment versus operating
costs,availability of investmentmonies,etc.
Experiencein the commercial and institu
tional building marketshasshownthatvirtu
ally everyinvestoron everyprojectcanrelate
all thesecomplex economicvariablesto the

straight payback formula. This is not to
suggestthat more sophisticatedapproaches
such as "Rate of Return Method," "Dis
countedCash Flow," etc. are not valid, just
that once the decision is made, it be reex
pressedin termsof straightpayback.

Once the payback period "n" has been
established,all investmentassociatedtermsof
the owning cost havebeenremovedfrom the
formula. Thisfeaturefacilitatestheaccomplish
ment of the investmentoptimization with a
degreeof simplicity which enablesit to beused
for all systemsdecisionsand the component
purchasingdecision-totheextentthatcompeti
tive bids can be submitted on the basis of
investmentoptimization by applying a rela
tively simplebidding procedure.The steps in
the methodology including the first step
aboveare:

* Establishthe straightpaybackperiodn
that satisfiesthe economicparametersof the
investorand specific project.

* Determineall operatingcosts associated
with the systemor componentsbeing con
sideredfor each year of the n year period
starting with the first year. Note: Interest,
debtservice,anddepreciationarenotacompo
nent of operatingcosts,they are taken into
accountin the step above. Operatingcosts
include energy, maintenance!service, insur
ance,taxesif relevant,andany otherdirect
cost outlay relatedto the componentor sub
systembeing analyzed.

* Add theinitial purchasecostandthe sum
of the annualoperatingcostsfor the periodof
n years,for eachof thesystemsorcomponents
being considered.

* The lowesttotalof thecomparedsystems
or componentswill provide the optimum
investment.

As an example,considerthe comparison
betweentwo competitiveproducts,A and B,
with first costs of $100 and $80, respectively,
andannualoperatingcostburdensof $20 and
$25, respectively.

Example1. Investorhasa requirementof a
straight payback ratio, "ii," of 3 years on
investedmonies:
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InvestmentCost
Operating Cost

1st Year
2nd Year
3rd Year

Total

The most favorable purchase would be
product B. To substantiatethe wisdomof the
decision,if the incrementaldifferencein invest
mentwere comparedto theincrementalreturn:

I=l00 -80 = $20,
R = 25 - 20 = $5!year, and
n = 20!5 = 4 years.

Thus,the4-yearstraightpaybackis greater
than the 3-yearrequirement,illustrating that
themethodusedto selectproductB wasvalid.

Example2. If thesameproductswerecom
paredfor an investorwho requireda straight
paybackof 5 years:

InvestmentCost
OperatingCost

1st Year
2nd Year
3rd Year
4th Year
5th Year

In this case, the most favorableinvestment
would be product A. As shown above, the
straight payback rate of return would be 4
years,which is less thanthe 5 yearswhich was
established.

The costs

Investment Cost: Includes all actual costs
purchaseand installationof componentor
system.Not included are interestcosts and
investmenttax credits.If thecomponentbeing
consideredis a water chiller, cost considera
tion would includechiller, freight, salestax,
contractcost to move into placeandconnect
piping and electrical services,andinsulation
of components.Thus,any cashoutlayassoci
atedwith purchasingand installing the unit

where

C = totalcost of the operatingcomponent
overnyears;

c, = annualoperatingcost componentfor
first year;

n = straightpaybackratio;
x = annualcompoundedescalationrate

10 percent= 0.10.

Energyand Power: Thesecosts are prob
ably the easiestmajoroperatingcostcompon
ent to quantify with a reasonabledegreeof
accuracy. Systems analysis techniquesthat
relate to energyand power burdensfor sys
temsandmostsystemcomponentshavebeen
formulated in computerprograms that are
commerciallyavailable to designprofession
als. Theseprogramscanassistthe designerin
determiningmaximum machineryloads per
month demand, energy input per month,
operatinghours per month, and part load
profiles. These data can then be used to
determinepowerandenergyburdensfor any
specific machinerycomponentor integrated
system.Forbiddingpurposes,thedatacanbe

ProductA ProductB that couldpossiblybedifferentthanany cash
100 80 outlayassociatedwith purchasingandinstall

ing a competitiveunit. It is mandatorythat the
20 25 bid form analysisnot use comparativecosts
20 25 but ratheractualtotal costs.
20 25 Operating Costs: Include all conceivable

160 155 cash flow burdens related to the specific
component or systembeing analyzed, i.e.,
energy,powerdemand,maintenance!service,
insurance,and taxes. Any other item that
relatesshouldbe included.Eachitem should
be calculatedseparately.For more accurate
analysis,anticipatedescalationor inflationary
increasesshouldbe takeninto account.Also,
economicanalysesrevealthatdifferentescala
tion ratesshould be applied to various cost
items as the casewarrants,i.e., energycost
inflation may beanticipatedto follow a curve
different than M! S cost inflation. For each
itemof cost,then,anescalationrateuniqueto
that item canbe applied.The escalationrate
formulais simply:

ProductA ProductB
100 80

f1 + -1
C = c1

x

20
20
20
20
20

200

25
25

25

25

25

205
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integratedwith the applicableenergyrate or
fuel costsand reducedto a seriesof constants
to be used as multipliers for various energy
burdencharacteristicsof the machinerybeing
compared.For example, for a centrifugal
water chiller, constantswould be generated
for powercostsby multiplying full load power
input for the specific unit, by a constantto
produce the "n" year costs. The part load
analysisis integratedwith a linearapproxima
tion of partload powercurvesto bemultiplied
by the powerinput at somerelevantfraction
of part load to producethe "ii" year primary
energy cost. The evaporatorflow rate incor
poratedwith eitherthe total hours of opera
tion constant flow, or part load analysis
throttled flow control is integrated with
energycostparametersto developconstantto
be multiplied by the head loss through the
respectiveevaporatorto producethe "n" year
chillerpumpingenergyburden.Theoperating
hours analysis integratedwith energy rate
parametersis usedto developaconstantto be
multiplied by theproductof therequiredflow
rateand headloss through the condenserto
producethecondenserpumpingenergyburden.

Maintenance/Service:Costs associated
with a particularitem of machineryor system
are the most difficult to quantify accurately.
Most publisheddataare statistical-historical
in naturehavenotbeencorrelatedwith specific
machinery.ASHRAE Technical Committee
1.7 Durability, Reliability, Maintainability
is currently working on the developmentof a
methodologyto enabletheindustryto address
this problem.2Until someprogressis madein
this effort, the only reasonablemethod of
incorporatingM! Sin the JO formula is either
for the design professionalto perform a
thorough investigationon typical classesof
componentswhendoingthe analysison com
parative system; or, when applying 10 to
bidding, to requirebidders to includea total
maintenance!service contract proposal for
someyears,includingasa minimum,the"nth"
year.

Insurance:As a generalrule, theenergyand
M! S cost burdensare the major differential
financial burdens of operating machinery.
However,in somecases,machineryinsurance

rateswill reflect the statisticaldifferencesin
probability of loss or liability for alternative
selectionsof machinery.Thus, prior to con
ducting an JO analysis or preparing10 bid
documents,the investor’s insuranceunder
writer shouldbeconsultedto determineif any
potential differences,in ‘fãctdo ‘relate. For
example,somepremiumson electricrefrigera
tion machinery are basedon motor horse
power; thusif a smaller prime mover can be
used for the specified tonnage,somesavings
could result.If sucha situation exists,appro
priate considerationshould be given in the
analysis.

TaxesRealEstate: Theyare generallythe
leastsignificantcontributorto the differential
operatingcost.However,if anydifferencesare
identified, they should be considered.Most
taxing agenciesbasethe appraisedvaluation,
not on actual cost, but on the revenue-
generatingcapabilityof the ventureor some
statisticalappraisal.If, however,actualcosts
are considered,an appropriate constant
should be applied to the purchaseprice to
reflect any such tax burdens.

Theinvestorin Example1 mayberepresenta
tive of the speculativeinvestor for whom
investmentmoniesare costly, and the invest
ment is short term. If the straight payback
ratio is not skillfully applied, the investor
could do himself a costlydisservice.Consider
that if the investor of Example I retainsthe
propertyfor, say,20 years,with no escalation
of operatingcosts, his differential operating
costsat the end of the period will havebeen
five times the savingsin first cost. Thus, it is
extremelyimportantthat theconsultantadvis
ing an investor on investmentoptimization
makehim totally awareof the significanceof
thestraightpaybackratio established.Failure
on the part of many nonsophisticatedinves
tors to recognizethe importanceof a realistic
straight payback ratio has resulted in the
economicfailure of building projectsthrough
foreclosures,andthesubsequentownershipof
propertiesby investmentbankinghouseswho
found it difficult to salvagethe invested
capital. On the other hand,all sophisticated
investors fully understandthe wisdom of
increasingthe "n" ratio to thegreatestnumber
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possiblewhen they anticipateso-called per
manentownership.Anothergermaneconsid
erationis that the anticipatedtimepreceding
obsolescencemustbe,asa minimum,equalto
2n years.

Case history examples
Casehistory examplesof the10 methodology
for LCC reveala significant improvementin
the decision-makingprocessof purchasing
major machinery undercompetitivebidding
procedures.

* Case1: Being consideredwere two water
chillers for a commercial building develop
ment. Constantsfor the energy and power
componentswere developed, following sys
tems analysis, to determine the part load
profiles andmonthlyhoursof operation,and
integrating this data with the local utility
rates.For this bid, the straightpaybackratio
n wasset by the owner as 5 years,and no
escalationin energywasincludedbecauseof a
unique local condition relating to electric-
generatingcapacityand fuel source.The "bid
form" in a capsulatedformat is shownin Fig.
40-I.

A ratherwell-detailedspecificationon perfor
mancetests,and the maintenance!servicecost
was, needlessto say, required.The results of
thebids arepresentedgraphicallyin Fig. 40-2.
Thelower curveis thesumof linesA andB, or
the total first cost, andthe uppercurve is the
total JO bid cost. Note that the incremental

first costdifferencebetweenthelowest JO bid
costunitsand thesecondlowestis $8750.The
differencein annualoperatingcostsis $1907.
The straightpaybackratio, in years,is then

8750! 1907 = 4.59.

Thus the investor’s ROl ratio has been
satisfied.It might be mentioned,that if only
the energycomponentof operatingcosts is
considered,andpresentdollarsareappliedfor
a 20-yearownership"life cycle" or investment
duration, the lowest JO bid comparedto the
secondlowest will reducethe 20-yearenergy
cost by $49,615.The samecomparisonmade
betweenthe lowest JO bid unit highestfirst
cost and the lowest first cost unit yields a
20-yearenergycost savingof $87,472-notto
mentionthe reductionin resourcedepletion.

* Case2: Beingconsideredis a singlewater
chiller to be connectedinto a campuschilled
water-loop system.The sameprocedurefor
establishingthe analysis constantswas em
ployed as in Case 1, and again, the owner
establisheda straightpaybackratio,"n," of 5
years. However, there were four significant
differencesmandatedby thespecificor unique
circumstancesof the project and bidding
procedures:1 The chiller was a component
of a large integratedsystem. Thus, any ca
pacity in excessof the specfledminimum
amount 385 tons could be utilized in the
system.A cost per ton correction was em
ployedin the JO biddingprocedure; 2 The
10 procedurefor bidding the chillers was
structuredasa setofalternatesto thebasebid.

A. Sale Price-on delivery
B. Start-Up and Performance Test
C. CompressorEnergy

kW of two machines operating in series at 720 tons total
load

________

X 266
D. Compressor Power

kW of two machines operating in seriesat 1200 tons total
load

________

X 79.6
E. Chilled Water Energy

ft chilled water head loss through one machine

________

X 682.86
F. CondenserWater Energy

ft head loss one machine

________

X GPM
one machine

_______

X 0.150
G. Five-year charge for total maintenanceand servicecontract

10 Bid Cost Total A through G

=$

=5
S

$
$

=$

FIg. 40-1.
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U,
0
0

0

4-.,
U,

0
0
4
C,

Thus, the first costs were actually installed
costsreflectingany machinery-relateddffer
encesin contractor installation costs;3 The
owner was a state institution and could not
legally receivebidsfor afive-yearmaintenance
operationscontract. Thus,theJObidsdid not
reflect differencesin maintenancecosts be
tween alternative selections;4 The energy

Alternate No. X, JO Evaluation of Alternate X
A. WeightedSalePrice Value

Quoted Price

________

X 385/Capacity
B. CompressorEnergy

MachinekW at290 tons load

_______

kW X 451.4

C. CompressorPower
Machine kW at 385 tons load

________

kW X 102.5
D. Chilled WaterEnergy

ft of heatpressuredrop thruchiller at
1400 GPM

_______

ft X 246.5
E. CondenserWaterEnergy

fthead

______

XGPM

______

X.l76
10 Bid Cost Total A thru E

andpower constantswere developedon the
basisof10 percentper yearcompoundedcost
escalation.

The"bid form" for this project, in acapsu
lated form appearsin Fig. 40-3.

The resultsof thebidsarepresentedgraphic-

=5

=5

=5

=s

=$

$

1

Fig. 40-2. Comparison of 10 cost versus first cost for Case1 example

3
Bid

Fig. 40-3.
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230

C
220

C

4-,
U,

0
0
0

C
0
0

C’,

0
0
4-.,
U,
C..

ally in Fig. 40-4.Again, the lowercurve is the
alternatebid priceor first cost,andtheupper
curveis thestatedJO bid costs.Comparingthe
lowest JO bid costto the secondalternative,it
is found that the quotientof thedifferencein
investmentcost betweenthe lowest JO cost
unit and the lowest first cost unit second
lowest JO cost is:

differential investment =

differential annualoperatingcost

20,820!7277 = 2.86 years.

The additionalinvestment,returnedin 2.86
years straight payback will reduce the
owner’s energycosts comparedto the lowest
first cost alternativeovera 20-yearownership
life by $1 14,428.

In both casescited, the ownerselectedto

200

100

90

80

70

FIg. 40.4. Comparison of 10 cost versus first cost for Case2 example

purchasethemorecostlymachineryto obtain
the desirablereturn on investment and the
addedbenefitof considerablereductionin the
so-called"life-cycle cost."

Conclusion
The 10 methodologyfor life-cycle purchasing
is a techniquethat enablescommercialand
institutional investorsin buildingsto obtaina
realisticbalancebetweentheeconomicadvan
tagesof returnon investmentandthe benefits
of LCC. Although not necessarilyachieving
the lowest LCC as defined or addressedby
earlier demonstrations,it does enable the
earlierconceptsto be appliedto therealworld
of monetaryeconomicsof investmentand
return. Furthermore,it has the flexibility in
structure to be applicable to virtually any
economicand technicalsituation.

Theuseandvalidity of the JO techniquehas

1 2 3

Bid
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been proved in numeroussystemsanalysis
decisionsin the designprocess.Its simplicity
hasmadeit readilyadaptableto competitive
bidding procedures.The only requirements
are the ability of the owner or investor to
expresshis ROJrequirementsin straightpay-
back terms, and the ability of the analystor
designerto quantifythe primaryand relevant
costvariablesof operation.
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