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H:I. SYNOPSIS

Life-cyclecost analysishighlightsthe differencebetweenconsumerand utilityeconomicsand can be
usedto Improvedemand-side managementprogramdesign.

H:2. ABSTRACT

As utilitiesInvestigatewaysto Implementdemand-sidemanagement (DSM) programs,the differences
between customerand utilityeconomic perspectivescan play an Importantrole in assessingthe
economicbenefitsof the programs. Because utilitiesdirectlybear the cost of new energysources,
energy-efficiencyInvestmentsthat are cost-effectiveto a utility may not be cost-effectiveto its customers
who usuallypay averageenergypdcesand havedifferenteconomic parameters.

This paper discussesthe relationshipbetween life-cyclecostsand the energy efficiencydecisionsof
home buyersand utilities. It discussesthe key factors in a life-cyclecost analysisand how they affect
the optimumenergy efficiencychoice. In additionto discountrates, fuel prices,and fuel priceescalation
rates, riskadjustmentsinfluencethe selectionof an optimumefficiencylevel. This paper highlights
differencesbetween householdand utilityperspectivesand the reasonswhy a gap often existsbetween
the home owner'sand utility's optimumefficiencychoice.

A case studyof an InnovativePacificNorthwestmanufactured(mobile) home DSM programIllustrates
the role of consumerand utility perspectives. Priorresearchshowed that regionalutilities'long-term
perspectiveand economicsjustifiedhigherenergy-efficiencyInvestmentsthan mostmanufacturedhome
buyers were making. This recent DSM programhas addressedboth market Imperfectionsand basic
economicdifferencesbetween consumersand utilitiesby employinga "conservationacquisition"
approach,which has led to a significantmarkettransformation. This program has beenvery successful
at closingthe gap betweenthe economicInterestsof the homebuyer and utility.

H:3. INTRODUCTION

As utilitiesInvestigatewaysto Implementdemand-sidemanagement (DSM) programs,the differences
between customerand utility economicperspectivescan playan Importantrole in assessingthe
economic benef'_sof the programs. Becauseutilitiesdirectlybear the cost of new energysources,
energy-efficiencyInvestmentsthat are cost-effectiveto a utility may not be cos_.effectiveto its customers
who usuallypay averageenergy pricesand have differenteconomic parameters.

The BonnevillePowerAdministration(Bonneville)and otherparties inthe Pacific Northwesthave initiated
an Innovativeenergyconservationprogram,the ManufacturedHousingAcquisitionProgram (MAP),that
makes energy-efficiencyInvestmentsin manufactured(mobile)homes. Because manufacturedhomes
comprise up to 50% of new housingstarts in some parts of the United Statesand a;a regulatedby
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preemptivestandardsissuedby the Departmentof Housingand Urban Development(HUD), which have
less stringentenergy-efficiencyrequirementsthan many local buildingcodes, utilitiesand energy
plannerscannot Ignore manufacturedhomesin theirplanningprocessand cannot rely on regulationsto
Improvethe energy-efficiencyof manufacturedhomes. More innovativeapproachesand programsare
needed.

Recognitionof the differencesbetweenthe economiccriteriaand perspectivesof consumersand utilities
can be helpfulin designingenergy-efficiencyprograms. This paper discusseslife-cyclecost (LCC)
analysisas a frameworkfor highlightingthesedifferences. It then presents informationfrom the Pacific
Northwestmanufacturedhousingprogram to illustratethe applicationof this framework to a real-world
program. Findingsfrom this program shouldbe of Interestto utilityand governmentplannerswho are
designingInnovativeenergy-efficiencyprograms.

H:4. AN ECONOMIC FRAMEWORKFOR PROGRAMDESIGN

Ufe-cycle costingIs a usefultool for analyzingenergy-efficiencyInvestmentsbecause it is a comprehen-
siveapproach for integratingthe many economicfactors Inherentin Investmentdecisions. LCC analysis
compareslong-runcostsassociatedwith specificInvestments,suchas energy conservationmeasures
(ECMs) Incorporatedin DSM programs. UsingLCC analysisto optimizea decision,the alternativewith
the lowest LCC is preferred. Futurecostsare discountedwith the relevantdiscountrate so that total
costscan be summed interms of theirpresentdiscountedvalue. Becauseof discounting,costs far into
the future usuallytend to havea smalleffecton totaldiscounted life-cyclecosts.

H:4.1. Life-CycleCostAnaly_i_

Life-cyclecost analysiscan be as comprehensiveas desired, taking intoaccount directand indirect
costsand benef'_s. For the presentpurposes,we limitthe discussionto direct costs. The basiccost
elementsof the simplified,generic LCC method are shownin Equation(1):

LCC= C_+ Co + C.-S (1)

where C_is procurementcosts, Co is operatingcosts(includingenergy costs), C. is maintenanceand
replacementcosts,and S is the salvagevalue. To simplifythe presentation,the terms representthe
discountedpresentvalue of the cost stream usingthe appropriatediscount rate. (See DOE 1989 for a
discussionof the method.) Becausethis paper usesthe MAP to Ulustratean applicationof the LCC
method, the discussionthat follows focuses on ECM InvestmentsIn manufactured homes.

In our case, Cprepresentsthe purchasecost plusfinancingcosts of the ECMs. Adjustmentsfor taxes
andtax benefits are Included. Co is basicallythe cost of the energyrequired to keep the home
comfortable;decreases in heatingand coolingenergycoststend to offset increasesin the procurement
cost due to Investmentsin ECMs. S representsthe resaleor scrapvalue of the ECMs at the endof the
analysispedod and, because it is a benefit,Itsvalue is subtractedfrom the other costs.

An Informativeway to display LCCs Isto plot the LCCsversusECM procurement costsor, alternatively,
theircorrespondingenergysavingsas ISdone laterin thispaper. In Figure 1, hypotheticalECMs have
been rankedaccordingto theirbeneF_-to-costratio,and the LCC has been calculatedas each ECM was
added. The curve exhibitsa "U" shape: the firstECMsadded decreasethe LCC untilit reachesthe
minimum,or optimum,value;additional ECMscontinueto save energy, but the LCC startsincreasing
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(as the benefit-to-cost ratio continues declining). Note that efficiency improvements usually can be
added until the LCC Is as large as the original, or base-case, value. Although such an investment would
be no better than the base-case tn LCC terms, the resulting building would consume substantially less
energythan the base-case building.

[Figure 1 goes here]

H:4.2. Effec.tsof ParameterValueson Life-C-"Y¢leCost

Eventhougha relativelysmall numberof cost termscomprisethe LCC, severalfactorscan have large
effectson the values.

H.4.2.1. DiscountRate Effects

The discountrate used to discountfuture costsis one suchfactor. The discount rate used in calculating
the LCC vadesdependingon whose perspectiveis beingrepresented. Private and publicsector
discount ratesusuallydifferbecause of differencesin relevanttime horizons,alternativeInvestment
opportunities,pemeptionsof dsk,and other Influences.These Influencestend to make privatediscount
rateshigherthan publicsector rates. Realdiscountratesof about 3% are typicallyused in analyses
conducted from the societalperspective,whereasratesof 10% or more are often used to reflect
consumeror businessperspectives. (Kavanaughet al. 1994 derivesa nominaldiscount rate estimateof
19% for manufacturedhomebuyers.) Opportunitycostsand perceptionsof riskaffectthese rates. Risk
effectsare discussedlater.

Figure 2 Ulustratestwo major effectsof discountrate on LCC. The four curvesshow how the LCC shifts
as the discountrate vades from 1% per year to 10%.2 First,as the discount rateincreases,the total
computedlife-cyclecost decreasesbecause future costsare more heavilydiscounted. Second, the
optimum Investmentshiftsto the left (decreases)as the discount rate Increases: fewer energy-efficiency
Investmentsare cost-effectivefor higherdiscountrates.

[Figure 2 goes here]

H:4.2.2. Fuel Pdce Effects

Higher fuel pricesIncreaseLCC becausethey are the majordeterminant of operating cost,Co. At
higherfuel pdces, the LCC curve shiftsupward. Asthe fuel price Increases,the optimumInvestment
levelalso Increases: additionalECMs becomecost-effectiveas energy prices rise.

LCC is not only sensitiveto the Initial fuel price,but alsothe rate at which fuel prices are expected to
Increase. Higherfuel pdce escalationratesIncreaseLCC becausefuture operatingcosts Increase.
Higher escalationratesalso Increasethe optimallevelof efficiencyInvestment: more investmentsin
efficiencyare Justifiedat higherfuel priceescalationrates.

H:4.2.3. RiskAdjustments
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The risks associated with different investments should aiso be included in a LCC analysis because they
may have a significant effect on the actual values of projected future costs and benefits. Financial risk
can be defined as "the variability (i.e., standard deviation) of project returns or cash flows over time"
(Awerbuch 1993, p. 25): Investmentswith returns that are more variable than the returns of other
Investmentsare riskler. Uncertaintiesabout energy resources affect their riskiness. For example,
uncertainties about the cost of building future powerplants or operating DSM programs affect the likely
revenuerequirementsof utilities. Htrst (1992) suggeststhat utilitiescan reduce the variabilityin their
revenue requirementsand, therefore, their dsks, by investing in DSM programs.

Awerbuch (1993) examinesfinancial risksfor electdc generation in more detall. He points out that in the
past most etectdc generation was provided by fossil fuel technologies and the riskiness (particularly that
resulting from fuel pdce variations) was considered relatively uniform across the technologies used.
However, largely because they are not affected by fuel price variations the same way fossil-fuel
generation Is, new capital-intensive, renewable resource and DSM technologies necessitate addressing
risk differencesexplicitly. This is usually done by adjusting the discount rate. (Note, however, that Lind
(1982) points out difficultiesin applying a simple adjustment of the discount rate to account for dsk over
multiple periods.)

Awerbuch (1993) Identifiesseveral points Important in the assessment of energy and DSM Investments.
First, an investment's future benefits (Inflows)and costs (outflows) should be evaluated with separate
discount rates reflecting the appropriate dsk level. Second, dsky benefits should be discounted with a

discount rate, whereas dsky_ should be discounted with a _ discount rate. Logically, the
discounted present value of highly variable costs should not be decreased by applying a higher discount
rate to reflect their higher risks. Third, energy resource Investments with future costs that are negatively
correlated with the general economy are typically dskier because their returns (benefits minus costs, or
net cash flow) are highly correlated with trends in the general economy and overall investment portfolio
returns. The second and third points suggest that future fuel costs for a fossil-fueled powerplant should
be discounted at a discount rate diminished by the risk adjustment and not an average portfolio discount
rate suchas the utility'sweighted-averagecost of capital. Fourth,the use of a utility'sweighted-average
cost of capital in the revenue-requirementsmethod for evaluatingalternativeenergy resourcesusually
distortsthe analysisin a way that favors expense-imensive(e.g., fossil-fueledpowerplants)overcapital-
Intensive(e.g., photovoltaic)technologies.

Figure3 illustratesthe effectsof takingfinancialdsk intoaccount in the LCC calculationfor the
consumer. The curvesshow the effect of differentdiscountratesapplied to consumerelectricityrates.
Becausethe electricityratesaffect futureutility bills,more risk in energy pricescauses a downward
adjustmentinthe discountrate. Awerbuch(1993)derivesan estimatedcomposite discountrate
differentialof 7% betweenfossil-fueledand photovoltaicgeneration. The four curvesshow how the LCC
curveshiftsas the riskadjustmentvadesfrom 0% to -9%. First,as the risk Increases(thediscountrate
adjustmentbecomesmore negative),thetotal computed life-cyclecostIncreases becausefuture costs
are discountedless. Second, the optimuminvestmentshiftsto the right as the Investmentbecomes
riskier: more energyefficiencyinvestmentsare cost-effectivewhen the risk associatedwith energy
pdces is higher.

Figure3 showsthe effect of only one kind of risk. The effectsof uncertaintiesin DSM programcost and
energysavingsare not displayed;if they were Included,they mightpartially offsetthe effectsof energy
pdce dsk. Nevertheless,the figurehighlightsthe potentiallysignificantrole that energyprice riskcan
play !n the life-cyclecost analysisand presentsa strongargumentfor factoring risk into DSM program
analyses.
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[Figure 3 goes here]

H:4.3. Summaryof Effectson Life-CycleCosts

Table 1 summarizesthe effectof discountrate, fuel price, fuel price escalation, and fuel price riskon
LCC. These relationshipsare Importantwhen designingconservationprogramsbecausethese factors
are instrumentalin determiningthe economicviabilityof such programs. Furthermore,customers,
utUities,and Implementingorganizationsmay havevery differenteconomicperspectives,reflectedin the
values for these economicfactors, and they shouldbe taken intoaccount in programdesign.

[Table 1 goes here]

H:4.4. DifferentEconomicPerspectives

Differencesbetween the economic perspectivesof utilities(or planners)and utility customers (consum-
ers) can providethe basisfor the design of programsto produce cost-effectiveenergyconservation
Investments.

[Figure4 goes here]

Figure 4 shows,from the consumer'sperspective,a representativelife-cyclecost curveas a function of
the InvestmentIn energy efficiency. It definesfour energy-efficiencyInvestmentlevels. This figure is for
a hypotheticalproductand isdesignedonly to illustrateseveralpointsdiscussedbelow.

Fromthe consumer'sperspective,the lowestinvestmentlevel,A, representsthe minimumefficiency
offeredinthe market. This levelcan be establishedby existingbuildingstandardsor codes, or can
reflectproducer marketingdecisionsand consumerpurchasedecisions.

Investmentlevel B representsthe averagemarket response,assumingthat consumersdo not typically
investat the minimumlife-cyclecost level for a numberof reasonsassociated with market Imperfections.
Becauseof market Imperfections,typicalconsumersmay underestimatethe bener_sof energy-efficiency
Investmentsand Investat a levelthat is not theiractualeconomicoptimum. Level B is determlnedby
the Interactionbetween the market supply and demand curves.

Investmentlevel C representsthe consumer'soptimumInvestmentin energy efficiencybased on the
consumer'sLCC. Utilityinformationprogramscan help moveconsumersfrom level B to C by Improving
theirknowledgeabout the benefitsof such investments.Usuallyenergy-efficiencycodesand standards
are set to achieve levelC.

The highestInvestmentlevel identified,D, representsthe optimum Investmentfrom a conservation
programdesigner'sperspective. The program designermight representa utility(and the utility's
economicperspective)or a planningbody suchas the NorthwestPower PlanningCouncil (and a
societaleconomicperspective). Level D differs from levelC because a program designermay face
different economicparametersthan the consumer. For example, a governmentagency may use the
societal,ratherthan the consumer,discountrateto calculatethe optimumLCC, thus justifyinghigher
Investmentsin energyefficiency. AlthoughlevelD savesthe consumerenergy, it is not cost-effective
based on the consumer'seconomic parameters.
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individual ECMs, such as different floor, wall, and ceiling insulation, using the relevant economic
parameters. The LCC values are plotted relative to energy savings, rather than investment cost as
shown in previous figures. The consumer curve assumes that home buyers pay the full cost of
efficiency upgrades; the utility curve assumes that the utility pays the full cost. For consumers, ECM
costs are basedon retail prices;for utilities,the costs are basedon wholesalenrices. Reasonable
consumerand utilityvaluesfor the economicparametershave been used in calculatingthe LCC, but the
curves shouldbe consideredillustrativeonly. Future researchshouldbe conductedto estimatethese
parametersmore accurately. The calculationshave been made relativeto the minimumefflclencylevels
offered by regionalmanufacturedhome producers.

[Figure5 goes here]

As before, levelA is the minimumefficiencylevel offeredin the market. Level B indicatesthe efficiency
levelselectedby the typicalconsumer. Typicalconsumersalreadybuy higherlevelsof efficiencythan
the minimumavailable,but do not Investup to theiroptimumLCC level. LevelC correspondsto the
optimumlevel based on a life-cycleanalysisfrom the consumer'sperspective. As noted before,
Informationprogramsmightbe oneway to move consumersfrom level B toward levelC. LevelD corre-
spondsto an efficiencylevel that reflectsan optimumInvestmentfromthe perspectiveof the utilityfaced
with providingelectricityto thesehomes. Based on Informationgeneratedby its regionalresearchpro-
jects, BonnevUleand regionalplannerswere able to gain an understandingof the approximateenergy
efficiencythat correspondedto level D.

The utility'sLCC curve shownin Figure5 differssubstantiallyfromthe buyer'scurve becauseof
differencesIn key parameters.Two of the major differencesare that we have assumedthat (1) the utility
has a lower (that is, riskier)risk-adjusteddiscount rate thanconsumershave for discountingenergy
costs becausethe utilityfaces more variabilityin energyprices(because consumersare Insulated
partiallyfrom energy'cost changes by utilityrate-makingpractices)and (2) the utility'sInvestmentcosts
are based on manufacturerwholesale costs,ratherthan retailcoststhat would face the consumer. The
second assumptionis consistentwith the designof the MAP. Dealersmark up wnolesalecost about
30% to arriveat the retailprice (Harkreader,Lee, and Sherman1987). When Bonnevilleand regional
utilitiesdevelopedthe MAP,they negotiatedto make paymentsdirectlyto manufacturers,thus avoiding
payingthe retailmarkup. This was a major factor in makingthe program economicallyviable.

Basedon BonnevlUe'spast manufacturedhousingresearch,Bonnevilleand the utilitiesdeterminedthat it
was economicalinthe acquisitionprogram to Investin manufacturedhome efficiencyImprovementsin
lieu of new generatingplants. They determinedthat it was economicalto pay manufacturers$2,500 for
each home built to levelD in Figure5. Agreementwas reachedwith regionalmanufacturersto build

electricallyheated manufacturedhome (over 90% of the manufacturedhomes builtin the region)
to this level,thus reducingspace heatingneeds 60% comparedwith the homesthat customerstypically
purchased. This programtook the Investmentin efficiencyfrom level B to level D at a costof about 2.5
cents/kWh (1990 $) to the utilities.

Of course, Figure5 is an idealized representationof the economicsand energy-efficiencyaspectsof the
MAP. The program was no"designedexplicitlybased onthe life-cyclecost approachdescribedhere,
althoughmany of the key elementsof the approachplayeda role in program design. Valuesof the
economicparametersfor bothconsumersand utilitieswere not all knownor factored intothe designof
the program. Recentresearchby Kavanaughet al. (1994) providesa much better understandingof the
economicparametersfor manufactured homebuyers, but more studyts needed to characterizethe
consumer'seconomicsfully. Many complexities,such as rate-makingpracticesand discountrate
differences,that affectthe economicimpactson utilities, havebeen neglectedto simplifythe
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presentation. Severalquestions also remain about how the program was actually implemented by the
Industry at the consumer level; for example, how much of the MAP payment reached the consumer and
how much was captured by the manufacturer and dealer?. Has the MAP had any fundamental effect on
consumer perceptionsof energy efficiencyand the risk associated with conservation investments? It
would also be very desirable to know how effective information programs or other financial incentives
would be in movingconsumers toward higher efficiency levels. Some of these questions are being
addressed in an on-goingevaluationof the MAP.

Althoughthe MAP was not explicitlydesignedusingthe life-cyclecost frameworkpresentedhere andwe
don't have answersto all the economicquestions,the MAP illustratesthe value of the described
methodologywell. If averageconsumersinvestin less energy-efficiencythan theirminimumlife-cycle
costlevelwould dictate,thenthe utilitycan Investigatewhat causesthe undednvestmentand identify
ways to remedy associatedmarket imperfections. If the utilitywouldbener¢ from investmentsin even
higherenergyefficiency,then comparingthe utility and consumerLCC curveswouldhelp identifywhat
incrementalInvestmentthe utility mighthaveto make and what mechanismsmight be effectiveto
motivatebuyers to purchasemore efficientproducts.

H:6. CONCLUSIONS

The LCC approach providesa usefultool for analyzingalternativeutilityresourceInvestments. In a LCC
context,the cost-effectivenessof energy-efficiencyInvestmentsdependson severalkey factors including
the discountrate, fueland energypdcesand price escalationrates,and dsk. The LCC of alternative
Investmentscan be very differentfrom the perspectiveof (1) the utility,(2) the utility'scustomers,and (3)
society.

Analyzingthe LCC impactsOfenergy-efficiencyinvestmentsfrom the societal,utility,and customer
perspectivescan providevaluableinformationto utilitiesand plannersfor designingenergy-efficiency
programs. This studyhas shown,bothconceptuallyand in termsof an actual energy-efficiency
program,that the optimumcustomerinvestmentin energy efficiencyis likelyto be lessthan that
appropriatefor the utility. A utilityor program planner can use LCC analysesbased on different
perspectivesto targetactionsand investments. LCC analysiscan also show a utility or program planner
howlarge the gap is betweenthe typicalconsumer'sefficiencychoicesand the utility'sinvestmentin
energyefficiencythat minimizesitsLCC. This informationcan be usedas the basisfor designing
programsto increaseconsumer awarenessand to provide incentivesthat make efficiencyinvestments
economicallyattractiveto consumers. The regionalMAP illustratesthe relevance of this type of informa-
tionto a specificprogram that has made substantialefficiencyimprovementsin one housingtype.

For DSM program planningpurposes,the firststep inthe approachoutlinedherewould be to develop
the informationneededto analyze the life-cyclecosts for society,the utility, and consumers. This
informationwould includeamongotherdata the ECM costs,energyprices,energy priceprojections,
and dsk adjustments. It may be appropriate to apply a differentdiscountrate to costsand benefits,and
riskadjustmentsassociatedwith future costsshouldbe distinguishedfrom thoseapplicable to future
benefits. Second, the LCC for differentefficiencyinvestmentsshouldbe calculated for each perspective
and the differencesbetween the relationshipsshouldbe Investigated.Third, mechanismsshouldbe
identifiedthat wouldbe mostappropriatefor closingthe gaps between currentconsumerbehaviorand
the societal,utility,and consumeroptimumefficiencylevels. Informationprograms can be used to
reducethe gap between the efficiencylevelusuallyselected by consumersand the consumer'slife-cycle
optimumlevel. Financialand economicmechanismssuch as rebates, Interestrate buy-downs,and
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reduced utilityrates may be needed to moveconsumersto efficiencylevelsbeyond theiroptimum. Of
course,the cost of suchprograms mustbe factoredinto the utility'slife-cyclecost calculation.

The life-cyclecost frameworkoutlinedhere providesa usefultool for DSM programdesign. Byfocusing
on the long-termeconomicsand economicdifferencesthat existbetweenconsumersand utilities,the
LCC approachhelps characterizeconsumerbehaviorand identifyopportunitiesthat can lead to a win-
win situationinwhich bothconsumersand utilitiesare better off. Thisframeworkcan be valuableto
utilitiesand energyplannerssettingout to designnew programsand to othersattemptingto modify
existingprograms,suchas the MAP,which is being revisedto accommodate a recent updatein the
nationalmanufacturedhousingthem_l standard.
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included.
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Table 1. Effects of Factors on LCC

If this f_¢tor Increases Lh.enLCC... and optimumefficiency

Discountrate Decreases Decreases

Fuel price Increases Increases

Fuel price escalationrate Increases Increases

Fuel price risk Increases Increases
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