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SUMMARY

Changing electricity prices to more closely reflect production costs has a
significantimpacton the consumptionof electricity. It is known,for example,that most
of the efficiencygainsin the electricpowersectorsof the industrializedworld sincethe
first internationaloil price shock in 1973 are attributableto the risingtrend of electricity
prices. Thiswas due to the risingaverage price of electricity. Becauseof the unique
characteristicsof producingelectricity,itsmarginal cost is higher than its average cost
duringmanyhoursof the day. Thisstudyshowsthat,forutilitiesnot reflectingthesecost
differencesin theirrates,there isampleroomto satisfya portionof theirresourceneeds
by exploitingthe load-shapingpropertiesof time-of-use(TOU)rates.

Satisfyinga portion of resource requirementsby implementinga TOU-pricing
program,however,is not costless. Meteringand administeringTOU pricingrequiresa
financialcommitmentby an electricutility. Andthe commitmenthas anopportunitycost.
That is, the funds could be usedto constructgeneratingplants or run DSM programs
(otherthan a TOU-pricingprogram)andsatisfythesameresourceneedsthatTOU pricing
does.

Thequestionaddressedinthisstudyiswhethera utilityisbetter-servedfinancially
by (i) implementingTOU pricing or (ii) runningtechnical DSM programsand building
power plants.1 The answeris that TOU pricingcomparesfavorablyon a financialbasis
with other resourcesundera wide set of conditionsthat real-worldutilitiesconfront.

To arrive at this conclusion,we simulatethe resource selectionprocessof a
hypothetical,"average"electricutilityovera 20-yearplanninghorizonusingthe principles
of integratedresourceplanning(IRP). Theutilityinitiallyhasa systemloadfactorof 0.60..-
the U.S. average--underthreedifferentassumptionsaboutload shape (i.e.,one-, three-,
and five-hourdaily peaks). However,we vary these assumptionsin sensitivitystudies.
To satisfyfuture loadrequirements,the utilitycan choose fromamong (1) conventional
generatingplants;(2) a TOU pricingresource(withscenario-basedmeteringcostsand
price elasticities);2 (3) a technicalconservationprogram(witha scenario-basedcost of
conservedenergy(CCE));and (4) a technicalloadmanagementprogram(withscenario-
based costs of conservedcapacity (CCC)).3

1ImplementingTOU pricing,runningtechnicalDSM programs,and constructingpowerplantsarenot
mutuallyexclusive--i.e.,ifevaluatedproperly,it is likelythat someof each willbe selectedas partof a utility's
resourceportfolioin real-worldapplications.

2TheTOU-pricingresourceis definedinthe shortrun, reflectingdifferencesin a utility'sshort-run
operatingcosts. Anotherimportantpricingresourcenot consideredinthe study is the long run capacity
supplycost--i.e.,the long run marginalcost(LRMC) of generatingelectricity.We differentiatebetweenthe two
typesof resourcesinSection3.1 andrecommendinSection6.3that LRMCbeinvestigatedfurtheras a pricing
resource.

3Costof conservedenergy,usuallyexpressedinc/kWh, is the amount necessaryto saveone kWh
of consumptionin a conservationprogram. Cost of conservedcapacity, usuallyexpressedin$/kW, is the
amountnecessaryto save one kW of demand in a load managementprogram.

ix



The simulationresultsindicate that the financialattractivenessof TOU pricing is
customerclass-specific.For industrialcustomers,thedegreeof price-responsivenessto
a TOLl-pricingprogramdepends criticallyon the typesof industriesserved bythe utility.
However, the simulation results show that TOU pricing is cost-effectiveand more
financiallyattractivethan all other resourceoptionseven underassumptionsof very low
price-responsiveness.Forresidentialcustomers,cost-effectivenessdependscriticallyon
the types of durablesin use and,hence, the averageamountof electricityconsumption.
Underconditionsexperiencedby manyelectricutilities,TOLlpricingisthe mostfinancially
attractiveresourceavailableforthe residentialsector,as measuredbybenefit-costratios.

BesidesCCE, an importantdeterminantofthe cost-effectivenessofa conservation
programis its conservationload factor (CLF),and the relationshipof that load factorto
that of the system's.4 Higher CLFsresultin greaterfinancialattractiveness. The load
managementprogramiscost-effectiveundera widerange of assumptionsaboutitsCCC.
More so than the other resource options, the financial attractivenessof the load
managementprogramis sensitiveto assumptionsaboutthe lengthof the utility'speak.
Assuming $25 CCC, for example, the benefit-costratios for the load management
programincreasefrom 3.13 to 5.56 as the numberof hoursin the peak increasesfrom
one to five.

These resultswere obtained using a least-costplanningparadigm,using IRP
principles.Three commentsare appropriate. First,usingleast-cost,financialprinciples
in utilityplanningdoes not implythat a "cost-effective"resource--ormixof them--isbest
for the financialpositionof theutilityas measuredbyitsincomestatement,balancesheet,
and funds flow statement. Second, because we use financial least-cost--andnot
economicvalue--inevaluatingcandidateresources,we make no attemptto estimatethe
effects of price changeson the '_alue" of electricityservicesreceivedby customersas
measured by changes in consumers'surplus. Third, in a similar vein, we make no
attempt to estimate the amount of technicalelectricityconservationinduced by TOU
pricing. As we suggest in Section6, however,each of these three issuesis worthy of
further investigation.

4TheCLFofa conservationprogramistheratioofaverageannualloadsavings(i.e.,annualkWh
savingsdividedby8760hours)to peakloadsavings.



1. INTRODUCTION

1.1. PURPOSEAND SCOPE OF THE STUDY

The purpose of this study is to determine what factors make resource options
more or less financially attractive to electric utilities in their planning processes. The
resources under consideration include (1) cost-based pricing, (2) technical demand-side
management (DSM) programs (i.e., conservation and load management programs), and
(3) conventional generating plants. The reason for the study is that, in investigating
measures to improve the efficiency of the electric power sector, an imbalance exists
between researchon (i)the financial costs and technical characteristics of electricity-using
durables and (ii) the costs of electricity used by these durables. The challenge of the
study is to define a pricing resource that can be compared with technical DSM programs
and generating plants. The results of the study are becoming increasingly important in
the aftermath of the Energy Policy Act of 1992 (EPACT)which creates new institutions--
and changes existing ones--to provide incentives for creation of a more competitive
electric power industry.

Our objective in the study is not to prescribe specific rate schedules for individual
electric utilities. Nor is our objective to compare the cost-effectiveness of different types
of electricity rates with technical DSM programs and generating plants. Our objective is
much more modest. It is to explore conditions under which cost-based pricing is more
or less financially attractive to an electric utility than other resource options that it can
choose from in satisfying electric load. In the study, cost-based pricing is defined as
time-of-use (TOU) pricing, or rates that reflect the varying costs incurred by an electric
utility in providing electricity at different times of the year.1 The output of the study is a
matrix of results, showing the benefit-cost ratios of cost-based pricing, technical DSM
programs, and generating plants under different assumptions about (1) number of
customers and (2) financial characteristics of both the resource options and the electric
utility.

1.2. APPROACHUSED IN THE STUDY

To accomplish the objectives of the study, we simulate the resource selection
process of a hypothetical utility over a 20-year planning horizon. At first, we assume that
the utility has the same generating mix as that of the 'average' U.S. electric utility, is
neither a capacity-surplus nor a capacity-deficit utility, and its projected load is increasing
at two percent per year, the average rate for the U.S. power sector. Its fuel costs are
assumed to increase at the rates forecasted by the Energy Information Administration
(1993). The system load factor is 0.60, also the average for the U.S. power sector. In a
sensitivity analysis, we assume three different load shapes (one-, three-, and five-hour

1TOUpricing refers to electricity rates that vary overthe courseof a year: hour-by-hour, day-by-day,
or season-by-season. In this study, time-of-day (TOD) pricing (rates which vary over the course of a day),
a specific form of the general class of TOU rates, is the same as TOU pricing because the hypothetical utility
does not confront changing load curves by day, week, month, or season.
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daily peaks). Then, we change some utility-specific assumptions (e.g.,assumingno real
growthin fuelprices,a 0.50 systemload factor,the existinggeneratingmixiscomprised
of all combustionturbines)to see what effectsthese assumedconditionshave on the
relativefinancialattractivenessof the resourceoptions.

Theutilityselectsresourcesto minimizeitsrevenuerequirements--i.e.,itstotalcost
of providingelectricity. However,becausewe assumethatthe utilitypays the total cost
of the TOU-pricingprogramandthe conservationand load managementprograms,this
"utilitycosttest" is the same as the 'total resourcecost test."2 Insatisfyingloadoverthe
20-yearplanninghorizon,the utilitycan choosefrom among(1) conventionalgenerating
plants, (2) a TOU-pricingresource,and (3) technicalDSM programs. Because TOU
pricingand technicalDSM programsvary by type of customer(i.e., serviceclass), we
define three types of customers: (1)low-volume customers; (2) medium-volume
customers;and (3) high-volumecustomers.

The valuesof the financialand technical parametersdefiningthe generatingplants
are based on the 'conventionalwisdom'of constructingthe plantstoday. The valuesof
these parametersdo notvary inthe simulations.The hypotheticalutilitycan selectfrom
among (1) steam coal, (2) combinedcycle,and (3) combustionturbine plants. These
plants vary from a high capital-lowoperating cost alternativeto a low capital-high
operating cost one. These generatingoptionswere selectedto givethe hypothetical
utilityan opportunityto fillas efficientlyas possiblethe threemaindutycyclesin a utility's
load: (1) base, (2) intermediateor cycling,and (3) peaking.

The TOU-pricing resource was defined by running a least-cost (to the utility),
supply-only resource plan over the 20-year planning horizon using the three,
aforementionedgenerating options. The peak-to-offpeakmarginal costsfor each hour
of the day are calculated by SafePlan, the modeling tool used in the study. Using the
peak-to-offpeak costs and the 'conventional wisdom' on customer responses to TOU
rates, estimates of load reductions due to TOU rates were obtained. As sensitivity
studies,we vary the amountof the load reductionusinglow and high price elasticities.
In all cases, the reductionin peak kWh due to TOU pricingwas totally offset by an
increase in base kWh--i.e., the pricing resource is kWh-neutral. We also vary the
additionalamountof customermeteringcostsmeededto implementcost-basedpricing:
$2.00, $5.00 and $10.00 per month per customer.

We also vary the values of parameters defining technical DSM programs. For
conservationprograms,we vary the cost of conservedenergy (CCE) from 3C/kWh to
5C/kWh to 7C/kWh. For load managementprograms,we vary the cost of conserved
capacity (CCC) from $25/kW to $75/kWto $125/kW on an annualizedbasis. Both types
of programsare runovera 20-yearperiodand reachmaximumpenetrationin themarket
after 20 years. The "ramprate" to achievethe maximumover 20 years is based on a

2Five tests are commonly used to determinethe cost-effectivenessof DSM programs, Besides the
two mentionedin the text,the participantstest, the ratepayerimpact measure,and the societaltestare also
used (CaliforniaPublicUtilitiesCommissionand CaliforniaEnergyCommission,1987).
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logisticcurve.

Giventhese variantsof a utility'sload shape and behavioraland technicalDSM
resources, the simulationresults lead to a matrixof benefit-costratios with multiple
dimensions:(1) assumptionson the loadshapeof the utility,(2) threevaluesof CCE and
CCC for technicalDSM programs,(3) threeassumptionson customermeteringcostsfor
TOU pricing, (4) two differentcustomer responsesto TOU prices, and (5) varying
assumptionson characteristicsof the utilitysuchas systemloadfactor,realgrowthin fuel
prices,and the mix of generatingplants.

In this study, the calculationof benefit-cost ratios to determine relative cost-
effectivenessis basedontheprinciplesof integ;atedresourceplanning(IRP),a paradigm
usedto determinetherelativecost-effectivenessof demandandsupplyresourceoptions.
Usingthese IRP principles,we emulateproceduresin a hypotheticalutility'splanning
process. As such, the results do not indicatewhich resources-or combination of
resources--willhavethe mostfavorableeffecton the financialpositionof an electricutility
as measuredby its incomestatement,balancesheet, and fundsflow statement. In fact,
one of the primaryrecommendationsof this study is to conduct such a comparative
analysis.Also,becausewe take a practitioner'sviewpoint,the resultsdo not capturethe
"value"of resourceoptionsto customersas measuredby consumers'surplus. Ours is
a least-costfinancialanalysis--notan economicone.

1.3. REMAINDEROF THE REPORT

In Section2, we provide more detail on characteristicsof the hypothetical utility,
including its generating mix, capacity position, load growth, and load factor. The TOU-
pricing resource is discussed in Section 3. Besides the procedure that we use to define
the resource, we also discuss its conceptual underpinnings and review the evidence on
its effectiveness in shaping load. The technical DSM programs and generating options
used in this study are defined in detail in Section 4. In Section 5, we first place the least-
cost, financial framework used in this study in the context of broader economic
approaches that could have been used. Then, we discuss the modeling procedures and
simulation results. The relevance of the results for real-world utilities are discussed in
Section6. Alsoas part of thissection,we suggest directionsin which future research on
cost-based pricing should proceed.
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2. THE HYPOTHETICALUTILITY

2.1. GENERATINGMIXAND ITS CHARACTERISTICS

U.S. electricitygenerationisdominatedby conventional-steamgeneratingplants.
More than 70 percent of U.S. capacity is accounted for by conventional-steam
technologies, burning coal, natural gas, and oil (Edison Electric Institute, 1993).
Hydroelectric(12 percent)andnuclearsteam(15 percent)are theothermajorgenerating
types. The hypotheticalelectric utility defined in this study reflects the U.S. mix,
normalizedto 1000 megawatts(MW) of total capacity. In 1993, the base year for the
study,thecompositionof total capacityislistedinTable2.1. Thismixwas usedfor most
of the simulations. However,to see the effects that generating capacity has on the
relativecost-effectivenessof resourceoptions,we assumethat the 1,000 MW of existing
generationis providedtotallyfrom combustionturbinesin a sensitivitystudy.

Table 2.1
ExistingGeneratingPlantsand Capacities

PlantType Capacity (MW)

Coal 600
Nuclear 150
Hydro 100
Combined Cycle (Gas) 50
CombustionTurbine(Gas) 50
CombustionTurbine(Oil) 50

Total 1,000

Real fuel prices increase at the rate forecasted by the Energy Information
Administration(1993), provided inTable 2.2. Real growthinthe price of naturalgas is
forecastedto be the greatest (3.2 percentper year), whilethe realprice of nuclearfuel
is not projectedto grow at all. Similarto the existinggeneratingmix,we assume no
growth in fuel pricesina sensitivitystudyto see theeffectsthatfuel-priceincreaseshave
on the relativeattractivenessof resourceoptions.

2.2. LOADCHARACTERISTICS

Given 1,000 MW of total capacity in 1993, an assumed reserve margin of 20
percent, and no deficit or surplus of capacity, peak demand in 1993 is 833 MW.
Assumingthe U.S. average annual projected peak growthrate of two percent, peak
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demand increasesto 1,214 MW in the year2013, the 20th and lastyear of the planning
horizon.

IIII

Table 2.2
Assumed Growth in Fuel Prices

1993-2013

Natural Light Nuclear
Period Coal Gas Oil Fuel

1993 Fuel PriceAmounts 1.45 2.38 5.57 1.41
($1993 per 10e Btus)

1993-2013 Growth in FuelPrices 1.3 3.2 0.7 0.0
(Averageannualgrowthrates)

SOURCE: Energy InformationAdministration(1993).

Increasesin electricloadoccur,of course,because(1) new customerscomeon
the system,(2) existingcustomersuse more electricityon average,or (3) a combination
of (1) and (2). Forthesake of simplicityandwithouta lossof generality,we assumethat
new load growth occursbecause new customerscomeon the system. The reasonfor
thisassumptionis thewayinwhichwe definethe TOU-pricingprogramandthe technical
DSM programs. This willbe discussedin greaterdetailin Sections3 and 4.

The hypotheticalutilitydoes not confrontloadcurvesthat varyover the course
of a week, month,season,or year. Itconfrontsone fixed loadcurvewitha systemload
factor of 0.60, the average load factor of electricutilitiesin the United States (Edison
Electric Institute,1993). The assumedload consistsof base, intermediate,and peak
components. Althoughthis system load configurationremains the same, the peak
increasesat the rateof two percentper year, reflectingaverageannualU.S. loadgrowth.
To see the effectsof load factor assumptionson resourceattractiveness,we assumea
0.50 systemload factor in a sensitivitystudy.

Alsofor sensitivitypurposes,we assumethreeload-shapescenarios:one-,three-,
and five-hourpeaks. In Figure2.1, we showthe annual load durationcurvesfor these
three load shapes. For any given load shape, the annual load durationcurve is the
product of the daily average load and 365 days. Therefore,the values in Figure2.1
should be dividedby 365 to obtain the daily load (e.g., 1825/365 yields the five-hour
peak). We alsoassumethatthe baseloadremainsconstantinall simulations.Therefore,
the intermediateloadon thesystemchangeswithassumedchangesinthe lengthofpeak
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periods. That is, the reduction in kWh consumption on the peak in going from a five-hour
to a three-hour peak period affects only the intermediate load on the system--not the base
load.

Figure 2.1
Three Load Duration Curves for Sensitivity Analysis

PEAK
LOAD

II

Finally, for each simulation we assume that the utilityhas only one customer class.
This simplification does not detract from the objectives of the study.1 However, because
of differences in technical DSM programs and the responsiveness of cost-based pricing
targeted at different customer classes, we assume three different types of customers in
three scenarios' (1) a low-volume customer class, (2) a medium-volume customer class,
and (3) a high-volume customer class. For low-volume customers, we assume that the

1Theone-classassumptiondoesnotimpingeon the resultsbecausewealsoassumethatthecost
ofservingeachcustomerclass--includingcapitalcosts-isfullyreflectedintheratesofeachclass--i,e.,there
areno cross-subsidiesamongcustomerclasses.
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average customer consumes 10,000 kWh of electricityper year, approximatingthe
amountthat theaverageU.S. residentialcustomerconsumes. Inthisscenario,there are
437,825 customers.2 In the medium-volumecustomerscenario,we assume that the
averagecustomerconsumes60,000 kWh per year, approximatingthe averageamount
consumedby U.S. commercialcustomers. In thiscase, thereare 72,970 customers. In
the high-volumecase approximatingthe averageU.S.industrialcustomer,1,870,000kWh
of averageconsumptionresultsin 2,340 customers.

2Given833 MW of peak load in 1993and a 0.60 load factor,the hypotheticalutilitysells4,378.3 GWh
of electricityin 1993. Dividingsalesby the consumptionof the averagecustomeryields437,835customers.
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3. TOU PRICINGAS A CANDIDATERESOURCE

3.1. CONCEPTUALUNDERPINNINGS

Historically,U.S. electric utilitiesused backward-lookingaccountingcriteria to
designrates,usuallyaccomplishedintwosteps. Inthe firststep, the typicalutilitywould
use a historicaltest year (or years) of accountingdata--and their relationships--to
determineitsoverallrevenuerequirements.The procedurewas to set total revenuesat
a levelsufficientto recoupoperatingandmaintenanceexpenses,taxes,depreciation,and
compensationto capitalcontributors(e.g.,debt- and equity-holders).

Inthe second step,the utilitywoulddetermine itsrate structure.Typically,itwould
accomplishthisby assigningtotalcostsestimatedinthe firststepto itscustomerclasses
on the basisof coststhat could be directlyassigned(e.g., industrialmeteringcosts)and
those that were more appropriatelyassignedby function (e.g., number of customers,
amount of energy). Once costs were assignedto classes, it was a simple matter to
design rates because theywere typically invariantto the amountof consumptionor, in
many cases,even decliningas the amountof consumptionincreased.

Thishistoricalapproachto ratemakingdoes notaccountfor the uniquecharacter-
istics of electricityproductionand consumption. That is, electricitycannot be stored
economicallyland its use variesby time of day, week, and season. The importanceof
reflectingthis difference in rates has long been recognized and applied in Western
Europe,and is one of the pillarsof modernU.S. ratemaking.1

In this study, we use these modern ratemaking principlesto define the pricing
resourcethat we comparewithtechnicalDSM programsand generatingplants. Modern
ratemaking,however,ismorecomplexthanthehistoricalapproach,moreforward-looking
and basedmoreon marginalthan averagecosts. Similarto thehistoricalapproach,there
are two types of costs reflected in rates using the modern approach: (1) operating
expenses(i.e.,the short-runcost) and (2) capacitycosts(i.e.,the long-runcost). Unlike
thehistoricalapproach,however,operatingandcapacitycostsare reflectedin ratesmore
on the basisof expectedfuture conditions--ratherthan a historicaltest year--five,ten, or
even 20 years from the time ratesare set.

In practice, the difficulty with reflecting operating costs in rates is that, as
mentionedabove, these costs are not the same over the course of a day, week, or
season. They typicallyvary by time-of-use--i.e.,the short-runmarginalcostof providing
electricityduring peak hours is generally higher than providingthe same amount of
electricityduringoffpeakhoursbecauseof differencesinthe types of generatingplants
usedduringthe two periods. Modernratemakingreflectsthese costdifferencesin rates

1Motivatedby the seminalworkof Boiteux(1949),France,for example,hasbeena leaderin
implementingTOUtariffs.Electricitede Francedevelopedmarginalcostpriceschedulesforhigh-voltage
usersasearlyas1955,implementingvoluntaryindustrialTOUratesfor industrialcustomersin1958.Thetariff
becamemandatorya decadelater.
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varying by time of use. At the extreme,experimentswith real-time pricing indicatethat
it is technologicallyfeasibleto reflectactualproductioncostsin rates withlead timesto
customersas shortas 24 hours.2

Reflectingthe costsof additionalor replacementcapacityin modernratemaking
is also forward-looking.Referredto as long-runmarginal-costpricing,thisportionof the
tariffreflectsthe costsof expectednewcapacityconstruction.In practice,the projection
of capacity requirementsis variabledependingon the utility. It could be based on a
projectionof capacityneeds as shortas five or as longas 20 yearsintothe future. Also
in practice,this portionof the rate typically is added to the short-run,operating-cost
portionas a demandcharge($/kW)to determinethe totalrate by hour,week,or season.
The operating-costportion,of course,is typicallyexpressedin C/kWh.

Becauseof theobjectiveof thisstudy,we didnot dividetheTOU pricingresource
ii intoan operatingand capacityportion. Rather,we used the short-runmarginalcostas
,, the basis for defining the pricing resource. As discussed in Section 2, we developed
, differentscenariosfor consumptionby timeof day: one-, three-, and five-hourpeaks. We

i then developedan optimalsupply-sideplan overa 20-year planninghorizon to estimate_ the relative(marginal)cost of providingelectricityby time of day. Usingthe conventional
_ wisdom on responsivenessof different customerclasses to pricing by time of day, we
;, estimatedthe load-shape effectsof implementingTOU pricing. The pricingstructurewas

intended to reflect exclusivelythe marginal difference in operatingcosts between peak
and offpeak periods--i.e., the short-run marginal cost. We made no attempt to measure

" the capacity benefitsof TOU rates.

Quantifying both the short-run energy--or peak-load--effects of implementing TOU
pricing and the long-run base-load capacity effects would likely match the pricing
resource defined in this study more closely with the technical conservation and load
management programs defined in the study. However, this comparison is left for other
studies.

!
i We now turn to the conventional wisdom on customer responsesto TOU pricing
' by customerclass.

3.2. EVIDENCEOF TOU PRICING'SEFFECTIVENESSIN SHAPINGLOAD

Customer response to TOU rates can be shown in two ways: (1) load shape
impactsfor the peak,shoulder,and offpeakperiodsand (2) priceelasticiesfor the peak,
shoulder,andoffpeakperiods,bothown-andcross-priceelasticities.Givenfinancialand
load informationon the utility, load shape impacts are readily convertibleto price
elasticities.The reverseisalsotrue. Inthediscussionthatfollows,we willuse bothtypes
of responsivenessmeasures. And, indefiningthe pricingresourcefor thisstudy,we will
provideboth load-shapeimpactsand elasticitiesfor peak and offpeak periods.

2Fora recentsurveyof real-timepricingprogramsintheU.S.electricpowersector,seeMakand
Chapman(1993).
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There are five important factors that must be consideredwhen discussingthe
responsivenessof customersto TOU rates:

= voluntaryvs. mandatoryTOU programs
• short-vs. long-runresponses
• demographicand customercharacteristics(e.g., typesof durablesand

manufacturingprocesses,climate,income)
• lengthof peak period
• ratioof peak to offpeakprices

Eachof these effectswillbe addressed to varying degrees in the discussionthat follows.

3.2.1. Low-VolumeCustomers

Evaluationsof TOU pricingprogramsrun by U.S. utilitiesare good initialsources
of informationon customerresponsesto TOU rates. Forexample,the PotomacElectric
Power Company estimated that on-peak kWh were reduced by 3.0 percent upon
implementinga mandatoryTOU tariff,offsetin partby a 1.5 percentincreasein offpeak
consumption.PacificGas and ElectricCompanyreporteda 19.1 percentpeak reduction
offsetpartially by an 18.4 perecentoffpeakincrease.3 These responses,however,are
specificto the uniquecircumstancesof these two utilities.

The U.S. residential TOU pricing experiments are also important sources of
information on low-volume customer response to TOU rates, providing the most
systematiclookatchangesinenergyand demandfrom implementingTOU pricing.4 The
resultsof these experimentssuggestthat TOU pricingis effectivein inducinga shift in
kWh electricityconsumptionfrom peakto offpeakperiods. However,there was enough
variabilityacross experimentsin boththe types of utilitiesinvolved(e.g., warm-climate,
summer-peaking vs. cold-climate, winter-peaking) and the types of experiments
conducted and analyses performed (e.g., single vs. multiple-rate experiments,
experimentaldesign)to questionthe consistencyof responseto the experimentalrate
designs.

To address the consistency problem, Caves, Christensen, and Herriges (1984)
pooled data from five experiments,accountingfor householdcharacteristics,dwelling
types,climate,andthe penetrationofelectricity-usingequipmentinestimatingresponses
to TOD tariffs. Theirresults,shownin part in Table 3.1, showa consistentresponseby
low-volumecustomers to TOU rates. For an average customer, the elasticity of
substitutionof offpeak for peakelectricityis0.14, implyingthat 1.4percentof peak-period

3Ascitedin Faruquietal. (1991).

4In1975,tenexperimentswereinitiatedinthestatesofArizona,Arkansas,Connecticut,California,
NewJersey,Ohio,Wisconsin,Vermont,Michigan,andNewYork.Sixmorewereaddedthefollowingyear,
Includingonesin California,NorthCarolina,Oklahoma,PuertoRico,RhodeIsland,and Washington.
Summariesof resultsof theexperimentsareprovidedInHill(1990)andFaruquiandMalko(1983).
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consumption is shifted to offpeak periods if the ratioof peak to offpeak pricesincreases
10 percent. Characteristicsof the tariffitself(e.g.,peak-to-off-peakpriceratioand length
of the peak period), the amount of householdelectricityconsumption,the types of
electricity-usingequipment,andtheweatherwere foundto be importantdeterminantsof
responsivenessto the rates.

II Ir II

Table 3.1
Responses to U.S. Residenti_dTOD Rates"

SummerMonths
DifferentApplianceand Weatl_r Scenarios

ApplianceSaturation
Weather

None Typical All

Cool 0.09 0.12 0.16
Typical 0.07 0.14 0.21
Hot 0.05 0.15 0.25

SOURCE:Caves,Christensen,and Herriges(1984),Table 8, p. 198.

"Responsemeasuredby the elasticityof substitutionbetweenpeak
and off-peakelectricityconsumption.

The pooled modelwasdesigned customerson mandatoryTOU ratesbecausethe
five utilitiesincludedin the poolingwere eitheron mandatoryTOU rates or were given
incentivesto preventthemfromself-selectingout of the experiments.Estimatingthe load
impactsof customerson voluntaryTOD ratesis moredifficultbecause of the additional
problemof accountingfor the decisionto opt for the tariff.

Evidenceon the load effectsof voluntaryTOD rates is sketchy. In one study,
Caves, Herriges,and Kuester(1989) analyzeda voluntaryresidentialTOU tariffofferedby
PacificGas and ElectricCompanyon an experimentalbasis. In the study, 1,000 high-
volume(more than 1,000 KWh per month)volunteerswere evaluatedoverthe 1983-84
period. The study concluded that customerswho voluntarilyselect the tariff have
approximatelythe same peak-periodpercentageconsumptionas theaverage residential
householdon PG&E's system. Furthermore,responsivenessof customersvoluntarily
optingfor the tariffisgreaterthanthatfor customerson mandatoryTOU tariffs. The0.37
elasticityof substitutionbetween offpeak and peak consumptionis significantlylarger
thanthatof, for example,the 0.14 'lypical"elasticityforthe five utilitiesinthe pooledstudy
discussedabove (Table3.1). And,treatingcustomerson PG&E'svoluntarytariffas ifthey
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were on a mandatory one, controlling for all conditioningvariables, results in a lower
elasticityof substitution(0.18 vs. 0.37). Thus,the studysuggeststhat morepeak to off-
peak response is provided by a voluntarycustomer,even if that customerconsumes
electricityunder the same conditionsas a similarcustomeron a mandatoryTOD tariff.

3.2.2. Medium-and High-VolumeCustomers

Aswithlow-volumecustomers,manyutilitiesimplementingTOU ratesformedium-
and high-volumecustomershave evaluatedcustomerresponsesto theTOU tariffs. For
example, Southern CaliforniaEdison's largest customers(i.e., more than five MW of
demand)reducedonpeaksummerdemandby7.5 percentinresponseto mandatoryTOU
rates,s Similarto low-volumecustomers,it is difficultto transferthe experienceof one
utilityto others.

The mostcomprehensivestudyon medium-andhigh-volumecustomerresponse
to TOU rateswas conducted by Parkand Acton (1984), andfollwedup three years later
(ActonandPark, 1987). Inthestudies,customerresponseto mandatoryTOU rateswere
estimatedusingdata fromten U.S. utilitieswhichincludedmorethan 6,000 medium-and
high-volumecustomers. The results of the study are summarizedin Table 3.2. The
estimatedchange inrelativepeak loaduponintroductionofTOU rateswas lessthan one
percent,withcommercialcustomersmoreunresponsive(0.29percent)thanhigher-voltage
users (1.03 percent). As shown in Footnote 'a' of Table 3.2, relative peak kWh
consumptionin any given month is defined as the ratio of average kWh consumption
duringpeak periodsto averagekWhconsumptionduringallweekdayhours.The change
in relativepeak kWh consumptionis the differencebetweena current and prioryear's
monthlyconsumption.

Althoughtheaverageresponseforhigh-volumecustomersisfairlysmallinthe two
studies,responsivenessvariessignificantlyby industry. Inthe Actonand Parkwork, for
example,wood productsshowedthe largestresponseto the introductionof TOU rates
with a 6.38 percentchange in relativeconsumption.

Generally,energy-intensive,mechanicalproductionprocessesproducingdiscrete
loads respond more to TOU pricing than industrieswith continuous production
processes. InstudiesofU.S. industries,woodproductsandcementproductiongenerally
show the largestshort-runresponsesto TOU rates. Inlongerrunstudiesof both French
and Britishindustry,cement productionexhibitsthe largestresponseto TOU rates. In
bothcountries,cementproducersreduceloadbyas muchas 50 percentduringweekday
peak periodsand, on weekendswhen onlyoff-peaktariffsapply, they retainan almost
constantloadat the levelof highestoff-peak,weekdayconsumption.Thedistinguishing
characteristicof these industriesis theirabilityto curtailoperationsduringpeak periods
or switchproductionfrompeakto off-peakperiodsinresponseto the tariffs. Continuous
processindustriessuchas motorvehicleproductionandpetroleumrefining,on the other
hand, cannot curtailproductionand, therefore,exhibitvery littleresponseto TOU rates,

SAscited in Faruqui et al. (1991).
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unlessindividualplants have their own sourcesof power that can be used during peak
periods.

II I

Table 3.2
Change in RelativeLoads"
Introductionof TOU Rates

U.S. Medium-and High-VolumeConsumers
(In Pec_)

Period Commercial Industrial Total

kWh Consumption:
Peak -0.29 -1.03 -0.84
Shoulder 0.00" 0.21 0.19
Off-Peak 0.39 0.50 0.47

kW Demand:
Peak -5.16 0.89* -0.73*
Shoulder 0.86* 2.46 2.30
Off-Peak -2.05 1.08 0.24*

SOURCE:Acton and Park (1987), Tables 12 and 14.

"Statisticallyinsignificant.

"RelativekWhconsumptionforany of thethreeperiodsis definedas the
averagekWhconsumptionduringthe periodexpressedas a percentage
of averagekWhconsumptionduringallweekdayhours.Similarly,relative
kW demandfor anyof the threeperiodsis the ratioof maximum hourly
demand during any of the periods to the average hourly kWh
consumption during that period. Both kWh consumption and kW
demanclwere measuredas changesfromthe precedingyear.

I I

3.3. BENEFITSAND COSTS OF TOU PRICINGIN THIS STUDY

In the previous two subsections, we discussed the principles of modern
ratemakingand the evidenceon customerresponsesto TOU rates. We use this as a
foundationto define boundaries for the benefits of implementingTOU pricing-i.e.,
reduced loads resultingin avoidedenergy and capacity costs for the utility. We also
defineboundariesfor thecosts of implementingTOU pricing--i.e.,the incrementalcapital
costs(i.e.,metersthat can monitorelectricityconsumptionbytimeof day)and operating
costs(i.e.,administrativecosts)associatedwithmovingfroman accounting-basedpricing
systemto a marginalcost-basedone.
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As shown earlier, customer responses to TOU rates are very sensitive to
characteristicsof customers.With the exceptionof numbersof customersby class,we
have not characterizedcustomersinthisstudybecauseourobjectiveis to isolatefactors
that make variousresourcesmore or less financiallyattractiveto electricutilities. We
accomplishthis by bounding the values of importantparameters,includingcustomer
responsesto the introductionof TOU rates. These boundaries,however,are consistent
withthe conventionalwisdomon responsesto TOU rates.

The valuesof responsesaresummarizedinTable 3.3. The average responseof
residentialcustomersinthe Caves, Christensen,and Herriges(1984) studyis contail_led
withinthe two extremesof the low-and high-elasticitycases. The same is true for the
average value of the Park and Acton (1987) studies of higher-volumecustomer
responses.

I

Table 3.3
Assumed Responses to TOU Pricing

Load Shape Changes and Own-PriceElasticities
Three CustomerClasses

Load-ShapeImpact(%) Own-PriceElasticity
CustomerClass,
ElasticityScenario Peak Offpeak Peak Offpeak

Low-VolumeCustomers
Low Elasticity -10.0 + 3.60 -.083 -.031
High Elasticity -20.0 + 7.20 -.165 -.062

Medium-VolumeCustomers
Low Elasticity -0.58 +0.36 -.005 -.002
High Elasticity -1.78 +0.72 -.015 -.006

High-VohJmeCustomers
Low Elasticity -0.58 +0.36 -.005 -.002
High Elasticity -3.00 + 1.08 -.025 -.009

We did not distinguish between short- and long-runresponsesin characterizing
theTOU pricingresourcefor thisstudy. The responsesshowninTable 3.3 were applied
uniformlyto each year of the 20-year planninghorizon. Therefore, to the extent that
customers change their consumption habits over time, purchase different types of
durables,or changethe processby whichtheyuse energyin responseto TOU rates,we
underestimatethe effectsof the tariffs.
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Also, in characterizing responses to the tariffs, we assume that their effects are
kWh-neutral. That is, for every kWh "saved"on-peak, an extra kWh is consumed offpeak
in the base period. Although there is generally not a one kWh-for-one kWh response, this
type of behavior is consistent with what occurs in real-world applications. We
characterize it in Figure 3.1.
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The costsof implementingTOLlpricingare the incrementalcapitaland operating
costsincurredby the utilityin switchingfrom standardratesto those basedon timeof
use. We summarizethe incrementalcostsin Table 3.4. The capitalcost is the costof
a standardelectronicmeterthat measuresconsumptionbytime of day. Reflectingreal-
worldconditions,we assumethatthe meteris morecostlyfor higher-volume(and higher-
voltage)customersbecausethosemetershavethecapabilityof measuringpeak demand.
For small-volumecustomers,we assume that the meters can only measure energy
consumed during peak and offpeak periods. We assumethe same capital cost for
meters used by medium-and high-volumecustomers. High-volumecustomersrequire
two of them, assumingthat the average high-volumecustomer'sfacilities are divided
between administrationandoperations. Note alsothat we abstractfromthe problemof
writingoffthe costsof existingmetersthattypicallyhave useful livesof 30 years.

I I I

Table3.4
MeteringCosts

ThreeCustomerClasses

Customer Classes
Category

Low-Volume Medium-Volume High-Volume

Capital Cost of TOU Meters $250.00 $400.00 $800.00a

Annual Carrying Charge (@9%) $22.50 $36.00 $72.00

MonthlyCapitalCarryingCharge $1.88 $3.00 $6.00
MonthlyAdministrativeExpenses $1.50 $3.00 $4.50

AdditionalMonthlyExpenses $3.38 $6.00 $10.50

"Assumestwo$400meters

I III

Using a 9-percentannualcapitalcarryingchargerate anddividingby 12 months,
the monthlycapitalmetering costs for low-, medium-,and high-volumecustomersare
$1.88, $3.00, and $6.00, respectively.AssumingadditionalmonthlyTOU administrative
costs of $1.50, $3.00, and $4.50 resultsin TOU customercosts ranging from $3.38 to
$10.50. Similarto customerresponsesto TOU rates,TOU meteringcostsaredependent
on specificcharacteristicsof the utilityand its customers(i.e.,size of the utility,quantity
discounts for meters). Therefore, we use $2.00, $5.00, and $10.00 metering cost
scenariosfor each of the customerclasses in the simulationsdescribed in the next
section.
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4. OTHER CANDIDATE RESOURCES

4.1. TECHNICAL DSM PROGRAMS

We quantify the parameters defining three conservation programs and one load
management program in Table 4.1. The values of the parameters are averages, based

Table 4.1

Key Variables for Technical DSM Programs

Maximum Maximum Conservation

Demand Energy Load Maximum
Program Savings Savings Factor Participation" Program

(MW) (GWh/Year) (%) (%) Costs

Low-Volume:
Conservation 65 341 60 78 3C/kWh
Conservation 65 341 60 78 5C/kWh
Conservation 65 341 60 78 7C/kWh

Medium-Volume:
Conservation 130 683 60 78 3C/kWh
Conservation 130 683 60 78 5C/kWh
Conservation 130 683 60 78 7C/kWh

Load Management 132 NA NA 78 $25/kW
Load Management 132 NA NA 78 $75/kW
Load Management 132 NA NA 78 $125/kW

High-Volume:
Conservation 130 683 60 78 3C/kWh
Conservation 130 683 60 78 5C/kWh
Conservation 130 683 60 78 7C/kWh

"After20 yearsof runningthe program

NA-Notapplicable

II IIII '_ IIII

on the conventional wisdom of utilities' experiences with running conservation and load
management programs. The low-, medium-, and high-volume customer classes were
defined in Section 2. Maximum customer participation for the four programs is not
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reached until20 years afterthey are implemented. The "ramping"of the programsto
maximum participationover the 20-year Is characterizedin Flgure 4.1. The programs
begin with two percent partlclpatlonIn the first year and "ramp up" to 78 percent
maximumparticipationin their20th year of operation. The savingsover that periodfor
the low-volumeconservationprogramincreasefrom 13 GWhInthe firstyear to 341 GWh
in the 20th year. Correspondingenergy savingsfor the medium- and high-volume
conservationprogramsare 17 GWh rampingto 683 GWh. For the load management
program,savingsIncreasefrom 4 MW In the firstyear to 132 MW In the 20thyear.

lllll I -- _ IIIIIII II _- I llillll I IIII II I
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To simplifythe analysis,ramping to the maximumenergy and capacitysavings
for the four DSM programsisfixedover the20-year planninghorizonas shownin Table
4.1 and Figure4.1. That is,the leveland rateof rampingisassumedinvariantto growth
in peak demand. Clearly,peak demand growsbecause new customersare added to a
utility'ssystemor existingcustomersincreasetheiraveragedemand. In mostcases,this
growth wouldchange the typesof DSM programsofferedby the utilityto itscustomers.
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However,capturingthese changesin the technicalDSM programsof the currentstudy
wouldcomplicatethe analysiswithoutresultinginoffsettinginsightsintothe relativecost-
effectivenessof resources. Ina real-worldsetting,the technicalDSM programsdefined
inthis studyare equivalentto programstargetedat customersexistingin the base year
who do not increase their average peak demand or energy consumptionover the
planninghorizon.

As shownin Table 4.1, three differentprogramcostscenariosare assumedfor
each of the four programs,providingreasonableboundariesfor what is likelyto existin
real-worldapplications.Theconservationloadfactor(CLF)fortheconservationprograms
is initiallyset at 0.60. However,to see the effectthat the assumedCLF has on the cost-
effectivenessof conservationprograms,we vary it from 0.2 to 0.8 in a sensitivitystudy.
Also,to see the interactiveeffectsof the systemload factorand CLF, we varythe CLF
from0.2 to 0.8 assuminga 0.50 systemload factor. The resultsof the sensitivitystudies
are presentedin Section5. Asshown inTable 4.1, althoughcalculable,the CLF is not
relevantto load managementprograms.

The effects of the conservation and load management programs on the
hypotheticalutility'sload durationcurve are shown individuallyin Figure 4.2. For the
conservationprogram,the reductionsin loadon shoulderand offpeakhoursare not as
great as those occurringduringpeak hours,and the shoulderand offpeakreductions
depend on the CLF. Givena reductionin peak demand from a conservationprogram,
thehigherthevalueof the CLF,the largerthe reductioninshoulderandoffpeak demand.
Incontrastto theconservationprogram,runninga load-managementprogramonlyaffects
demand duringpeak hours.

4.2. GENERATINGPLANTS

In Table 4.2, we presentthe valuesof keyfinancialandtechnicalvariablesforthe
three generatingplantsthat the hypotheticalutilitycan construct to satisfyfuture load.
The values of the variablesare 'conventionalwisdom'for those plants builttoday inthe
Midwesternpartof the UnitedStates. Theplantswereselectedbecausetheyprovidethe
hypotheticalutilitya minimumof one plant to choose from to performthe three work
loads in a power system:(1) the coal plantfor base load; (2) the combinedcycleplant
for intermediateload; and (3) the combustionturbinefor peak load. The construction
expenditureprofile for each of the candidate generatingplants is also conventional
wisdom for a Midwesternplant. The growth in fuel prices over the 20-year planning
horizon is that forecasted by the Energy InformationAdministrationand the same
projectionsused for existinggeneratingplants (Table2.2).
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Table 4.2
KeyVariablesfor CandidateGeneratingRants

Steam Combined Combustion
Coal Cycle Turbine

FuelType Coal Gas Gas
Capacity (MW) 200 50 50
Cost ($/kW) 1,512 590 340
VariableO&M ($/MWh) 7.00 2.20 5.00
FixedO&M ($/kW) 30.30 8.40 0.50
Heat Rate (Btus/kWh) 10,060 8,140 13,100
AvailabilityRate (%) 85 85 85
ConstructionPeriod (Years) 6 4 2

ConstructionExpenditureProfile(%):
Year (Beforeon line)

1 20 38 75
2 25 37 25
3 30 13
4 13 12
5 9
6 3

Total 100 100 100

SOURCES: Electric Power Res_ ,rch Institute (1989), Departmentof Energy (1991/1992), and Energy
InformationAdministration(1993).
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5. COST-EFFECTIVENESSOF RESOURCEOPTIONS

5.1. FRAMEWORKFOR ANALYSIS

In determiningthe relativecost-effectivenessof resourceoptions,the incremental
costs of the options are compared with their incremental benefits. The question
becomes: What are the "correct"costs and benefitsto be used in the calculus? The
answerwouldprobablydiffer,dependingon the perspectiveof the respondent.

Froma practitioner'sfinancialperspective,changesinthe operatingconditionsof
the utilitydominatecost-effectivenesscalculations.Thesechangesincludethe effectsof
candidateresourceson load shape, revenues,and costs. Changes in costscan occur
in both the shortand long run. In the short run, changesincludeadditionalmetering
costs, increasedadministrativecosts, and the energy savingsdue to lowerfuel costs.
In the long run,capacitysavingsare an importantbenefit.

Althoughthesefinancialeffectsarepartof the economicperspective,theyareonly
one portionof it. ConsiderTOU pricing,for example. Froman economicperspective,
movingto TOU ratesfromones basedon averagecostshastwo importanteffects. First,
basedon welfarecriteria,TOU pricingimprovesthe efficiencyof the power system. The
efficiencyimprovementsaremeasuredbychangesinproducers'andconsumers'surplus.
The secondeffect is relatedto equity: highercosts of electricityduring peak hoursare
borneby customersconsumingduringpeak hours.

Inpractice,theevidencesuggeststhatthepractitioner'sandeconomicparadigms
are slowlyconverging. Priorto the 1980s, utilitiespracticedwhat is commonlyreferred
to as least-costplanning,a financialplanningparadigminwhichutilitiesminimizedsupply
costs given forecasts of their customers'load growth. This forecasted growthwas
exogenousin utilityplanning. Becausethere is a directrelationshipbetweencostsand
pricesin utilityratemaking,cost minimizationis equivalentto price minimization.

As moreand moreutilitiesbeganto interveneon the customer'ssideofthe meter
by runningDSM programsin the 1980s, this least-cost/least-priceplanningparadigm
evolvedintominimizationof the costof electricityservices. In responseto thisdemand-
side emphasis, the California Public Utilities Commission and California Energy
Commission developed a set of perspectivesfrom which to measure the cost-
effectivenessof utility-runDSM programs:(1) the utilityexclusivelyand (2) participants,
non-participants,and theirtotal (whichmay or may not includesocietaleffects).1 The
resultingplanningparadigm--integratedresource planning(IRP)--isthe combinationof
traditionalleast-costsupply planningand demand-sideplanning. By emphasizingthe
total resourcecost test in this paradigm,the industry'sand regulator'sfocus switched
from least-costsupplyplansto least-costelectricityserviceplans.

In developing cost-effectiveness perpsectives of DSM programs and

1CaliforniaPublicUtilitiesCommissionand CaliforniaEnergyCommission(1987).
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recommendingvariouscost and benefit categories to include in the perspectives,the
authorsof "Californiastandardpractice"acknowledgedthe limitationsof the tests. An
importantone is theirstaticnature:the testsdo notaccountfor pricechangesandtheir
effectson customerbehavior,includingthe snap-back or take-back effectsassociated
withimprovedenergy efficiency.

Recognizingthis deficiencyin Californiastandard practice,severalauthors(e.g.,
Hobbs, 1991; Borlick,1994; Braithwaitand Caves, 1994) recommendthat economic
evaluation of DSM programs be institutionalizedin electric-utilityplanning--i.e.,that
evaluationof DSM programsincludeprice effectsto accuratelyestimatethe programs'
effects on both participantsand non-participants. By recommendingthat economic
"surplus"be usedto estimatethecost-effectivenessof DSM programs,theauthorsswitch
the emphasisin DSM-programevaluationfrom costto value,from costs to net benefits,
from a financialanalysisto an economicone.

The financial and economicapproaches can result in different conclusionsabout
the cost-effectivenessof DSM programs. Caves, Christensen,Schoech,and Hendricks
(1984), for example,compared approachesto estimatingthe cost-effectivenessof TOU
pricingfor four utilitiesin Illinois. They used three differentmethodsto calculate net
consumerand producer benefits. The authors concluded that there is a substantial
differenceinestimatedprogramnetbenefitswhenusing(1)the "correct"welfaremeasure
of both consumerand producerbenefitsand (2) otherapproaches.

We recognize these important differences between financial and economic
approaches, especially the fact that the two may result in different conclusions about the
cost-effectivenessof DSMprograms in real-world applications. Inthis study, however,we
use the financial paradigm exclusively because our objective is to estimate the relative
financial attractiveness of TOU pricing, technical DSM programs, and generating plants
as a utility-planning practitioner--without access to data for conducting an economic
evaluation--viewscost-effectiveness. To the extent that the three resource options have
different effects on economic measures of cost-effectiveness, the more likely that
conclusions about their relativeeconomic attractivenesswould differ from the conclusions
in this study. As we recommend in Section 6, an economic comparison of the three
resources should be the subject of another study.

5.2. SAFEPLANAND COST-EFFECTIVENESS

A number of modelshave been developed with varying degrees of complexity and
datarequirementsto facilitatethe IRPprocess. ExamplesincludeIRP-Managerdeveloped
by ElectricPowerSoftware(1993);theMultiobjectiveIntegratedDecisionAnalysisSystem
(MIDAS)developedfor theElectricPowerResearchInstitute(Temple,Barker,andSloane,
1988); UPlan developed by the Lotus ConsultingGroup (1988); the DecisionImpact
AssessmentModel (DIAMOND)developedby Oak Ridge NationalLaboratory (Gettings,
Hirst,and Yourstone,1991); and ScenarioAnalysisFrameworkfor ExpansionPlanning
(SafePlan)developed by PolicyPlanningAssociates(1990).

SafePlan was selected because it calculates benefit-cost ratios for candidate
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resources, which are the most important measures of relative financial attractiveness used
in this study.2 Because the model is used for developing integrated resource plans, it
distinguishes between candidate resources included in a plan and those same resources
being considered for inclusion in a plan.

In Figure 5.1, we show how benefit-cost ratios are calculated in SafePlan.

I I

5.1
CalculaUon of BeneM-Cost P,atkm in SafeP_
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Capacity costs for candidate generating plants are calculated as the present value of the
time stream of construction expenditures provided by the user for each candidate
resource. The energy costs for a candidate project included in the plan are estimated by

2ThefeaturesofSafePlanarecontainedinitsdocumentation(PolicyPlanningAssociates,1990).For
a concisedescriptionof itsfeatures,seeHill(1991c).
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economicdispatch in the productioncosting model. For resourcesnot includedin a
plan, energy costs are estimatedfrom unitsthat were included in the dispatch. The
capacity utilizationfactor of the next more expensiveunit in the dispatch is used to
determinethe amountof energyassignedto the project. Ifa candidateresourceis more
expensivethan the lastunit, it is assignedthe capacity utilizationfactor of the lastunit.
To determineenergycosts,these runningratesare multipliedbythevariablecostsof the
candidateresourcesprovidedby the user.

Calculatingthe avoidedenergy and capacitycostsis more complex. Avoided
capacity costs are the productof a user-suppliedavoidedcapacityvalue and effective
avoided capacity. The latter is the product of severalfactors and is important in
determiningthe capacity contributionof DSM resources. For example,because DSM
resources reduce capacity requirements, they also reduce corresponding reserve
requirements.Avoidedenergycostsareestimatedas the costof supplyingenergywith
other resourcesin the plan. They are the weightedaverage of the costs of unitsthat
have availablegenerationand are more expensivethan the candidateresource. Each
candidateresource,therefore,has a uniqueavoidedcost. For avoidedenergycostsof
supply resources,the 'lirst moreexpensiveunit" is the utilization-weightedaveragecost
of under-utilized,more expensiveunits. The avoidedenergy costs of candidate DSM
resourcesare estimatedusingtheireffectson the loaddurationcurve.

5.3. SUMMARYOF RESULTS

5.3.1. Low-VolumeCustomers

InTable 5.1, we presentsimulationresultsfor low-volumecustomers,comparing
generatingplants,technicalDSMprograms,andTOU pricing.Thegeneratingplantswere
defined inTable 4.2, the technicalDSM programsinTable 4.1 and Figures4.1 and 4.2,
andthe TOU-pricingresourcein Tables3.3 and 3.4 and Figure3.1.

The results in Table 5.1 are normalized to the benefit-cost ratios of the
combustionturbine generatingplant for each of the three peak periods. The actual
benefit-costratios for the combustionturbine are shown in small print below their
normalizedvalues. Usingthisnormalizationprocedure,the benefit-costratios for every
resourceoptionunder the one-hourpeak scenarioswere dividedby 1.14. Similarly,for
three- and five-hour peaks, the benefit-costratios were divided by 1.09 and 1.08,
respectively.

Lookingacross the peak-hourscenariosin Table 5.1, the coal and combined
cycleplants becomemore financiallyattractiverelativeto the combustionturbineas the
numberof peak hoursincreases(i.e.,theirnormalizedbenefit-costratiosincrease). The
reasonisthe relativelyhigherfuel intensityof thecombustionturbine. As the numberof
hoursinthe peak increases,the netbenefitsof generatingelectricitywiththecombustion
turbinedecreaserelativeto the two otherplanttypes.

Runningtechnical DSM programsbecomes more financiallyattractive as the
numberof peak hours increases. Becausepeak-periodhoursare morecostlyto serve
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than offpeak hours, the higherthe numberof kWh servedbyDSM programsduringpeak
hours,the higherthe benefits(i.e.,avoidedcosts) of runningthe programs. Hence,the
more financiallyattractivethe DSM programsbecome. Obviously,for any givennumber
of peak hours,highercostsof conservedenergy(CCE) resultin lessfinanciallyattractive
DSM programs.

IIIIIIIIII I IIII I I IIII

Table 5.1
Berva_-CostRatiosfor _r_ic_te Resources

Low-VolumeCustomers
_ to the _ Tud:(¢mPlanl)

Number of Peak Hours
Candidate Resources

1 3 5
)
i

GeneratingPlants:
Steam Coal 0.67 0.83 0.84
CombinedCycle 0.89 1.12 1.12
CombustionTurbine 1.00 1.00 1.00

(Nominal B.C Ratios) (1.14) (1.09) (1.08)

Conservation Program'
3C/kWhCCE 0.71 0.89 1.04
5C/kWhCCE 0.43 0.54 0.63
7C/kWhCCE 0.30 0.38 0.45

Cost-BasedPricing:
Low Elasticity

$2.00 Metering 0.50 0.65 0.80
$5.00 Metering 0.20 0.26 0.32
$10.00 Metering 0.10 0.13 0.16

High Elasticity
$2.00 Metering 0.99 1.31 1.60
$5,00 Metering 0.40 0.52 0.54
$10.00 Metering 0,20 0.26 0.32

A 'low-volumecustomer'consumes10,000kWhof electricityperyear. Given4,378.2Gwh
of consumptioninthe base year, there are 437,825 low.volumecustomers.

CCE - Cost of ConservedEnergy
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Forsimilarreasons,morepeakhoursfor the TOU pricingresourceresultsin
largernormallzedbenefit-costratios. Comparingfinancialattractivenessfor dlfferent
elastlcltles,assumptionsmadeabouttherasponslvenessofelectrlcitydemandtochanges
Inthepeak-to-offpeakpriceratioIsaveryImportantdetermlnantofthecost-effectlveness
oftheprlclngresource.Becausewedoubledtheresponsivenessofthepdcingresource
in the hlgh-elastlcltycase in comparlsonwiththe low-elasUcltyone, the normallzed
benefit-costratiosdoublefromthe low. to hlgh-elastlcltycasesshownIn Table 5.1.
Lookingclowncolumnsfor a given elasticity,incrementalmeterlngcostsare also
Importantdeterminantsof cost-effectiveness.Forexample,Inthethree-hourpeakcas6
wlth hlghelasticity,the normalizedbenefit-costratlodecllnesfrom 1.31 to 0.26 as
meteringcostsIncreasefrom$2.00to $I0.00 percustomerpermonth.Therealtlonshlp
betweencost-effectivenessandmeterlngcostsIsshownIn Flgure5.2.

I -- II lililllli i I illl i

FigureS.2
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Comparingresourceoptions,theresultsinTable5.1suggestthatTOUpricingfor
low-volumecustomersisonlyrelativelymorecost-effectivethana combinedcycleplant
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under assumptionsof three- and five-hourpeaks and favorable assumptionsabout
customerresponsesto cost-basedrates (i.e., high price elaoticlty)and meteringcosts
($2.00/month/customeradditionalmeteringcosts).

However,the resultsalso Indicatethat TOU pricingcomparesfavorablywiththe
conservationprogramunderlessfavorableassumptionsabout meteringcostsand price
responsiveness. For example,given a 7C/kWhCCE for conservation,TOU pricingis
morefinanciallyattractivethanthe conservationprogramunderassumptionsof low price
responsivenessand $2.00 meteringcosts for all lengths of the peak period. Given
5C/kWh CCE, cost-basedpricingfor the low-elasticitycase is more attractivethan the
conservationprogramonly underthe assumptionof $2.00 meteringcosts.

Inthehigh-elasticitycase,TOU pricingis moreattractivethan 7C/kWhCCE under
both$2.00and $5.00 metering-costassumptions.Givena 5c/kWhCCE forconservation,
TOU pricingismorefinanciallyattractiveassuming$2.00 meteringcostsunderbothhigh
and low elasticityassumptions.It is alsomore attractiveassuming$5.00 meteringcosts
under the high-elasticityassumption. Given3C/kWh CCE, cost-basedpricingis more
financiallyattractive than the conservationprogram only under the most favorable
assumptionsabout the pricingresource:high price responsivenessand low metering
costs.

As indicatedin Table 4.1, the resultsfor technicalDSM programsare based on
a conservationloadfactor (CLF)of 0.6. In Figure5.2, we showthe effectsof varyingthe
CLF on the financialattractivenessof the conservationprogram,assuming3C/kWhCCE
and a 3-hour peak period. The relationshipin Figure 5.2 shows that the cost-
effectivenessof the conservationprogramvarieswith the CLF. The higherthe CLF, the
more attractivethe programbecomes. Atvery high levels,the programbecomesmore
attractivethan a combustionturbine. AssumingtheCLF=0.8, thenormalizedbenefit-cost
ratiois 1.02. However,assumingthe CLF=0.2, the normalizedbenefit-costratiois 0.63.

Changes in other assumptionsalso can change conclusionsabout the cost-
effectivenessof resources. InTable5.2, we comparethe three-hourpeak referencecase
with three other scenarios: (1) system load factor changes from 0.6 to 0.5; (2) no
assumedreal increaseinfuel prices;and (3) combustionturbinesare the only existing
generatingunits in the base year. For ease of interpretation,the benefit-costratiosin
Table 5.2 are not normalizedto the combustionturbine.

Loweringthe systemload factor from 0.6 to 0.5 makes the combustionturbine
generatingplantsignificantlymoreattractivethan theothertwo plants. The reasonisthat
inloweringthesystemloadfactor,wereducedthe intermediateor shoulderload,keeping
the peak and offpeakloads at theirbase level. Withthe new loadcurve now almostbi-
modal,the lowercapitalcostsof the combustionturbinefor peakingpurposesmakes it
relatively more attractive. The lowersystemloadfactor Increasesthe attractivenessof
both the conservationprogram under all assumed CCE and TOU pricing under all
metering-costassumptionsand price elasticities.The nearlybi-modalload curve is the
reason. TheconservationprogramandTOU pricinghavesignificanteffectson peak load
(see Figure3.1 and Figure4.2).
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Because fuel prices are an important part of the avoided energy costs of
candidateresources,assumingno fuel-pricegrowthreducesthe financialattractiveness
of the conservation program and TOU pricing in comparison with the base case.
However,the effect is not great--especiallyfor the TOU-pricingprogram.

Assumingthat the base-year generating mix consists entirely of combustion
turbineschangesthe relativeattractivenessof theconservationprogramandTOU-prtcing
resource:theconservationprogrambecomesmorefinanciallyattractive,whilethebenefit-
cost ratios for TOU pricinggenerallydeterioratein comparisonwiththe base case. The
reason is an artifact of the way in which the two resources were defined. The
conservationprogramlowersload at all pointson the load durationcurve (Figure4.2).
The TOU-pricingresourcelowersload at the peak, but increasesit duringbase periods
(Figure 3.1). Because generating electricityduring base periods using combustion
turbinesis morecostlythan generationfromthe averageutilitydefinedinthe base case,
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TOU pricingis relativelymorecostlyinthecombustionturbinescenariothan inthe base
case.

-i I I II I II I II I I -- __ IIIIIII IIIIIBIIIII IIII I II

Table 5.2
Benefit-CostRalk_ for CandldateResources

Sensltlv#lesto InputAssumptlons
Low-VolumeCustomers

.... ,, -- - i ,

Reference System No Fuel All CT
Candidate Resources Case" LF=0.5b Prlce Increase° System_

GeneratingPlants:
Steam Coal 0.91 0.78 0.78 1.09
CombinedCycle 1.22 0.92 1.22 1.59
CombustionTurbine 1.09 1.06 0.99 1.16

ConservationProgram:
3C/kWhCCE 0.97 1.14 0.81 1.30
5C/kWhCCE 0.58 0.68 0.49 0.78
7C/kWhCCE 0.42 0.49 0.35 0.55

Cost-BasedPricing
Low Elasticity

$2.00 Metering 0.71 0.78 0.67 0.61
$5.00 Metering 0.28 0.31 0.27 0.25
$10,00 Metering 0.14 0.16 0.13 0.12

High Elasticity
$2.00 Metering 1.43 1.56 1.33 1.23
$5.00 Metering 0.57 0.63 0.53 0.49
$10.00 Metering 0.28 0.31 0.27 0.25

"In the referencecase, we assumea three.hourpeak,a 0.60 systemloadfactor,fuel price growthat the rate
forecastedby the Energy InformationAdministration,anda generatingmix reflectingthe U.S. average.

UThereferencecase, loutwith a 0.50 systemload factor.

c'rhe referencecase, but with no fuel-pricegrowth.

_he referencecase, but with an existingcombustionturbinegeneratingmix.

IIIII IIIIII IIIIIII IIII IIII I IIIlUl I

In Tables 5.1 and 5.2, we use one measure of the relative attractiveness of
resourceoptions:theirbenefit-costratios. Thismeasure,however,providesno indication
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of the relativesize of the resources. In Table 5.3, we providethe net presentvalue of
revenuerequirementsforeach of thecandidateresourcesunderbase-caseassumptions
undera three-hourpeak.

Ill III IIIII IIIII III I I

Table 5.3
Revenue Requirements for Candidate Resources

Low-VolumeCustomers
On1__

CandidateResources Amount

GeneratingPlants:
Steam Coal 521,725
CombinedCycle 76,520
CombustionTurbine 59,224

ConservationProgram:
3C/kWhCCE 33,944
5C/kWhCCE 56,580
7C/kWhCCE 79,198

Cost-BasedPricing
Low Elasticity

$2.00 Metering 102,338
$5.00 Metering 255,845
$10.00 Metering 511,680

High Elasticity
$2.00 Metering 102,338
$5.00 Metering 255,845
$10.00 Metering 511,680

III I

The data and their interpretationin Tables 5.1 through 5.3 provide a range of
possibilitiesfor the relativeattractivenessof resourceoptions. Inreal-worldapplications,
of course, attractivenessof resourcesdepends on actual characteristicsof individual
utilities.Three observationsare relevant.

First,the 0.6 CLF assumedfor conservationprogramsin the referencecase is
probablytoo highfor most programsin real-worldapplications. Therefore,the financial
attractivenessof theseprogramsis probablylessthan whatwe have showninTables5.1
and 5.2. The CCE for new conservationprogramsis even more utility-specificand
dependsboth on the aggressivenessof that utilityin runningtheseprogramsin the past
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(i.e., cream-skimming)and the efficiencyof the utility(or energy servicecompany) in
runningthe program.

Second, the 10,000-kWh average consumptionlevel assumed for low-volume
customerssuggeststhat these customersare at the lowerend of the elasticityrange
used in the simulations. The higher the average consumption, the greater the
responsivenessof low-volumecustomersto cost-basedpricing. On the otherhand, as
the discussionin Section 3 suggests,the incrementalmeteringcosts for low-volume
customersare probably closer to $2.00 per customerper month, ratherthan $10.00.
Therefore,all of the resultsfor $2.00 meteringare probablymorerepresentativefor real-
world utilities.

Third, the longer the system peak for a utility,the more financiallyattractive
conservationprogramsandcost-basedpricingbecome. However,the lengthof peakand
systemload factor interact.

5.3.2. Medium-and High-VolumeCustomers

In Table 5.4, we compare the cost-effectivenessof DSM options for medium-
volumecustomers. For thesecustomers,we also includea load managementprogram,
assuming$25, $75, and$125 cost of conservedcapacity(CCC)._ Allofthe relationships
betweencost-effectiveness,lengthof peak period,systemandconservationloadfactors,
and meteringcosts are the samefor medium-volumecustomersas for low-volumeones.
Therefore, we will not repeat them here. However, two additional comments are
appropriate.

First,thedata indicatethatthe loadmanagementprogramisgenerallymorecost-
effectivethanthe conservationprogram. Attheextreme,the load managementprogram
assuming$125 CCC iscompetitivewiththeconservationprogramassuning3C/kWhCCE.
For example, assuminga five-hourpeak, the normalizedbenefit-costratiofor the $125
load management program is 1.06 in comparisonwith the 1.04 ratio for the 3C/kWh
conservationprogram.

Second, like conservationprograms,TOU pricingis only financiallyattractive
under the most favorable assumptionsfor medium-volumecustomers. That is, TOU
pricing is only more financiallyattractivethan a combustionturbine (i.e., normalized
benefit-costratiogreaterthan 1.00) assuminghigh elasticity,$2.00 meteringcosts,and
a five-hourpeak. The reasonisthe lowresponseof thisclassof customersto TOU rates
(Section3.2). The conservationprogramis more attractivethan a combustionturbine

3Aload managementprogramwasdevisedfor medlum-volumecustomersbecausethey mostclosely
reflectthe type of customerforwhichthis programis Implementedin real-worldapplications. As the note at
the bottomof Table5.4 indicates,the medium-volumecustomerconsumes60,000 kWhof electricityperyear,
closelyapproximatingthe amountof averageU.S. commercialconsumption.Assuminga loadfactor of 0.50,
the averagecustomerhas peak consumptionof 13.7 kW. In oursimulations,we assumedthat the average
savingsper customerwas 20 percentor approximately3 kW.
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only assuminga five-hourpeak with 3C/kWhCCE.

Table5.4
Benefit-CostRatiosfor CandidateResources

Medium-VolumeCustomers
(Normalized to the Combustion Turbine Plant)

Number of Peak Hours
DSM Program

1 3 5

Conservation:
3C/kWhCCE 0.71 0.89 1.04
5C/kWhCCE 0.43 0.54 0.63
7C/kWhCCE 0.30 0.38 0.45

Load Management:
$25/kW CCC 2.74 3.99 5.14
$75/kW CCC 0.90 1.35 1.78
$125/kW CCC 0.54 0.81 1.06

Cost-BasedPricing:
Low Elasticity

$2.00 Metering 0.21 0.27 0.34
$5.00 Metering 0.08 0.11 0.13
$10.00 Metering 0.04 0.05 0.07

High Elasticity
$2.00 Metering 0.64 0.84 1.04
$5.00 Metering 0.25 0.34 0.42
$10.00 Metering 0.13 0.17 0.21

A 'medium-volumecustomer'consumes60,000 kWhof electricityperyear. Given4,378.2
Gwh of consumptioninthe base year, thereare 72,970 medium-volumecustomers.

CCE - Cost of ConservedEnergy

CCC - Cost of ConservedCapacity

In real-worldapplications,the data in Table5.4 indicatethatthe load management
programisthe mostattractiveprogramfor the commercialsector. As indicatedinTable
4.1, the load managementprogramresultsin 132 MW of savings. The $5.00 metering
costsfor commercialcustomersmostcloselyapproximatethe incrementalcostsfor this
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class (Table 3.4). However,fromTable 5.4, the price elasticityand/or the length of the
peak periodwould haveto increasesubstantiallyfor TOU pricingto be more financially
attractivethan constructinga combustionturbineplant (i.e.,normalizedbenefit-costratio
greaterthan 1.0).

Thebenefit-costresultsforTOU pricinginthemedium-volumecustomerclassare
reversedfor the high-volumeclass. We presentthe resultsin Table5.5. As the noteto
the table indicates,the high-volumecustomerconsumes1,870 GWh per year, closely
approximatingthe averageU.S. industrialcustomer. In thiscase, cost-basedpricingis
themostattractiveDSM option. Underthe mostunfavorableassumptions(lowelasticity;
$10 meteringcosts),pricingis moreattractivethan conservationprogramsassumingthe
mostfavorable conditions(3C/kWhCCE) for all peak periods.

As discussedin Section3.2, the high-volumeresponseto cost-based pricing
dependscruciallyon themixof manufacturingprocessesthat a utilityserves. For many
utilitiesin real-worldapplications,the results for TOU pricingshown in Table 5.5 will
underestimatethe response in practice. As discussedin Section 3.3, we made no
distinctionbetweenshort-and long-runelasticitiesfor the pricingresources.We simply
assumeda reasonablerangeofelasticitiesandappliedthemto eachyear'sconsumption.
However,there is evidence that processesand electricityusage change over time in
responseto cost-basedpricinginthe industrialsector. To theextentthat thisoccurs,the
resultsinTable 5.5 underestimateTOU pricing'seffect.

5.3.3. A Closer Look at Pricing

InTable 5.6, we comparethe financialattractivenessof the pricingresourcefor
the three customerclasses. Cost-basedpricingis significantlymore cost-effectivefor
high-volumecustomersthan for low- or medium-volumeones, even though the price
responsivenessfor high-volumecustomersis muchlessthan for low-volumecustomers.
Thereasonisthat the totalandrelativecostsof meteringaremuchlowerforhigh-volume
customers(2,340 v. 437,825 customers)andaverageloadis muchgreater. InFigure5.4,
using the data in Table 5.6, we show the change in cost-effectivenessfor each of the
three customerclassesunder differentassumptionsabout the length of peak periods.
The meteringcostsfor each of the three customerclassesare the bestguessesof what
theywouldbe in practice for each of the threecustomerclasses:$2.00 for low-volume,
$5.00 for medium-volume,and $10.00for high-volumecustomers.
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Table 5.5
Benefit-Cost Ratios for Candidate Resources

High-Volume Customers
(Nof1111#aldto the_ TurbinePlant)

Number of Peak Hours
DSM Program

1 3 5

Conservation:
3C/kWh CCE 0.71 0.89 1.04
5C/kWh CCE 0.43 0.54 0.63
7C/kWh CCE 0.30 0.38 0.45

Load Management:
$25/kW CCC 2.74 3.99 5.14
$75/kW CCC 0.90 1.35 1.78
$125/kW CCC 0.54 0.81 1.06

Cost-Based Pricing:
Low Elasticity

$2.00 Metering 5.48 7.06 8.42
$5.00 Metering 2.14 2.87 3.43
$10.00 Metering 1.07 1.41 1.71

High Elasticity
$2.00 Metering 29.24 45.87 46.30
$5.00 Metering 12.53 18.35 23.15
$10.00 Metering 6.75 9.17 11.57

A 'high-volumecustomer'consumes1,870MWhofelectricityperyear.Given4,378.2Gwh
of consumptioninthebaseyear,thereare2,340high-volumecustomers.

CCE- Costof ConservedEnergy

CCC- Costof ConservedCapacity
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Table 5.6 _-:
BenefitCost RatiosforTOU Pricing

Low-vs. Medium-vs, High-VolumeCustomers
(Nocma_edtothe_ TuYolnePlant)

Numberof Peak Hours
Type of Customer

1 3 5

Low-VolumeCustomers:
LowElasticity

$2.00 Metering 0.50 0.65 0.80
$5.00 Metering 0.20 0.26 0.32
$10.00 Metering 0.10 0.13 0.16

High Elasticity
$2.00 Metering 0.99 1.31 1.60
$5.00 Metering 0.40 0.52 0.64
$10.00 Metering 0.20 0.26 0.32

Medium-VolumeCustomers:
LowElasticity

$2.00 Metering 0.21 0.27 0.34
$5.00 Metering 0.08 0.11 0.13
$10.00 Metering 0.04 0.05 0.07

High Elasticity
$2.00 Metering 0.64 0.84 1.04
$5.00 Metering 0.25 0.34 0.42
$10.00 Metering 0.13 0.17 0.21

High-VolumeCustomers:
Low Elasticity

$2.00 Metering 5.48 7.06 8.42
$5.00 Metering 2.14 2.87 3.43
$10.00 Metering 1.07 1.41 1.71

High Elasticity
$2.00 Metering 29.24 45.87 46.30
$5.00 Metering 12.53 18.35 23.15
$10.00 Metering 6.75 9.17 11.57
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Figure5.4
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6. SYNTHESISAND RECOMMENDATIONS

6.1. THE STUDY IN CONTEXT

This study comparing TOU pricing with other electric-utilityresource options
answeredsome importantquestionsabout conditionsunderwhich cost-basedpricing
should be financiallyattractiveto an electric utility, but the study also raised other
importantquestionsfor considerationbothby utilitiesandregulators.As such,the study
servesas a foundationfor furtherinvestigationintopricing-relatedissuesrelatingbothto
an electric utility'splanningprocessand publicpolicy.

An importantconsiderationin reviewingthe resultsof thisstudyisthe framework
under which resourceoptionswere evaluated. Becauseour objectivewas to indicate
conditionsunderwhichTOU pricingisfinanciallyattractive,we took a practitioner'sview
in estimatingthe relativecost-effectivenessof resource options. That is, we placed
ourselvesinthe chair of the utilityplanner,lookingfor the least-costmixof resourcesto
satisfythe future load requirementsof a hypotheticalutility. Usingthis paradigm,we
concludedthatTOU pricingcomparesfavorablywithgeneratingplantsandtechnicalDSM
programs,dependingon conditionsunderwhichthe utilityoperates. However,we also
observed that this least-cost, financial framework may underestimate the cost-
effectivenessof TOU pricingviewedfrom an economicperspective.This issueis worth
investigatingin futurework.

We alsotook a limitedviewof the pricingresourceitself,confiningour attention
to the short-run,directeffectsof TOU pricing. Byfocusingexclusivelyon TOU pricingin
the short run, we probably underestimatedthe total amount of the pricingresource
availableto mostelectricutilities.Setting electricityratesto reflectthe long-runmarginal
costof electricitysupplyis anotherpotentialsourceof electric-utilityresourcesthat may
compete more favorably with generating units than TOU pricing does, and with
conservationprogramsthan load managementprograms. By focusingexclusivelyon
pricing's direct effects, we did not capture the amount of price-inducedenergy
conservationthat may existfrom (1) TOU pricingduring peak hours and (2) higher
overalllevelsof ratesthat reflectlong-runmarginalsupplycosts.

Despitethe myopicview,the resultsof the studyhave importantimplicationsfor
the relativefinancialattractivenessof resourcesin electric-utilityplanning. We turn now
to these implications.

6.2. RELEVANCEOF THE RESULTSFOR ELECTRIC,-UTILRYPLANNING

The simulationresultson TOU pricingreported in this study, of course, are
relevantfor only a subset of utilitiesin the U.S. electricpower industry. Many electric
utilitiesin theirplanningprocesseshave alreadyconductedanalysessimilarto thisone
and have acquiredthe most cost-effectiveresources. For those utilitiesthat have not
consideredTOU pricingin theirplanningprocesses,however,this study indicatesthat
they may be omittinga potentiallyattractiveresourcefrom consideration.And although
not consideredformallyin thisstudy,utilitiesthat have not reflectedthe long-runsupply
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costintheir ratesmayalso be excludingan importantresourcefromconsiderationintheir
planningprocesses.

Statingtheobvious,the absoluteand relativecost-effectiveness(as measuredby
benefit-cost ratios) of any behavioral or technical DSM program depends on
characteristicsof the utilityand its customerclasses. A determiningfactor for DSM
optionsisthe lengthof thepeak period. The morehoursinthepeak,the morefinancially
attractiveTOU pricingand technicalDSM programsbecome. Thisconclusionis robust
under different assumptions about the hypothetical utility and values defining the
parametersof itscandidateresources.

The financialattractivenessof TOU pricingis customerclass-specific. Forhigh-
volume customers reflectingthe average consumptionof U.S. industrialcustomers,
metering costs are not as determiningfor cost-effectivenessas they are for other
customerclasses. The degree of price-responsivenessdependscriticallyon the types
of industriesserved bythe utility. Processindustriesgenerallydo not respondas much
as mechanicalindustries--atleastintheshortrun. However,thesimulationresultsinthis
studyshow that TOU pricingis cost-effective(i.e., benefit-costratioexceeding1.0) and
more financiallyattractivethan other resourceoptionsunder assumptionsof very low
own-priceelasticitiescharacteristicof servingprocessindustries.

For low-volumecustomersreflectingtheaverageU.S. residentialcustomer,price-
responsivenessand, hence,cost-effectivenessof TOU pricingdependscriticallyon the
typesof durablesusedbythesecustomersand,hence,the averageamountof electricity
consumption. Under conditionsreflectingthe circumstancesof many electricutilities,
TOU pricing is the most financiallyattractiveresource availableas measured by its
benefit-costratio. For example, consider a utilitywith (1) incrementalTOU-pricing
meteringcostsof $2.00 percustomerper month,(2) a peak periodlastingfive hours,and
(3) and low-volumecustomersconsuming12,000 kWh annually. The benfit-costratio
normalized to a combustionturbine in this circumstanceis simulated to be 1.60,
significantlyhigherthanthenormalizedbenefit-costratioof themostattractivegenerating
plant (1.12 of the combined cycleplant) and the conservationprogram assumingthe
mostfavorableconditions(1.04with3C/kWhcostof conservedenergy). And, the longer
the utility'speak beyond fivehours,the more attractiveTOU pricingbecomes.

Besidesthe costof conservedenergy, the mostimportantfactordeterminingthe
cost-effectivenessof conservationprogramsis the conservationloadfactor (CLF). The
higher the CLF, the more financially attractive the program becomes. For load
management programs, the cost of conserved capacity is obviously important in
determiningcost-effectiveness.Giventhatcost, however,the lengthofthesystem'speak
periodis a crucialfactor. The lengthierthepeak period,the moreattractivethe program
becomes.

Of course, degrees of relativefinancialattractivenessalone do not determine
which resources--ormixof resources--willbe selectedby a givenutility. Thesefinancial
resultsare indicativeofwhata utilityshouldconsiderundera rangeof conditions.Inreal-
world settings, financialconsiderationsin decisionmakingon resource selectionare
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supplementedby economicand reliabilityconsiderations.

Finally,the simulationresultsreported in this study do not implywhat mix of
resources are optimal for a utility'sfinancial position as measured by its income
statement,balance sheet, and funds flow. That requiresseparate inquiry. Also,the
discussionofTOU pricingabtractsfrompotentialimplementationproblemsthatan electric
utilitymay confront in movingto cost-based rates. This is especiallytrue if long-run
supplycostsare includedas part of the TOU tariffand/or someclassesof servicehave
been subsidizingothers for extended periods of time. In this case, the process of
implementingcost-basedpricingmay be a more formidabletask than the processof
calculatingcost-basedrates and comparingthem withother resources.

6.3. A CLOSERLOOKAT QUESTIONSRAISEDIN THE STUDY

Inthe previoustwo subsections,seven issueswere raisedaboutthe roleof cost-
based electricity pricing and electric utilities. In the remainder of this section, we
transformthese issuesinto sevenquestionsand provideexplanations.

1. Otherthanthe potentialefficiencygainsandenergysavingsto be realizedfrom
TOU pricing,are thereother important"pricingresources"as yet unexploitedinthe U.S.
electricpower industry?

We definethe "pricingresource"in thisstudyon the basisof differencesin shod-
run operating costs at differenttimes of the day. Besidesthese short-run, peaking
resources,pricingcan be usedas a sourceof longer-run,base-loadresourcesbysetting
the cry,rail levelof electricitypricesto reflect the long-runmarginalcapacitycosts. The
question becomes: How does this base-load resource compare financially (and
economically)with technicalDSM programsand generatingplants?

2. To what extentis cost-basedpricingbeing utilizedin the U.S. electricpower
sectorand what is the amountstillunexploited?

Surveys of the U.S. electricutility industry indicate that not all utilitieshave
implementedTOU pricing,suggestingthat there is stillan unexploitedpricingresource.
Moreover,althoughthe evidenceis not as concrete,indicationsare that electric utilities
are not pricingat long-runmarginalcost. Thissuggests (1) that there could be stilla
largeruntappedresourceand/or (2) the resourcecouldvarygeographicallybecauseof
the large presence of publiclyowned utilities in certain parts of the country (e.g.,
Northwest,Southeast).

An answer to this question is importantfrom national and state public policy
standpoints. Ifcost-effectivepricingresourcesare nearlyexh:'ustedat nationalor state
levels,public policyshould be directedtoward increasingthe turnoverof the stock of
inefficientelectricity-usingdurables (e.g., utility-runtechnical DSM programs), if the
oppositeis true,however,publicpolicyshouldbe focusedon implementingcost-based
pricing.

6.3



3. What is the effect of usingcost-basedpricingon a utillty'sflnandal
in comparisonwith runningtechnicalDSM programsand/or buildinggenersUngunits?

Holdingelectricitypricingas a DSM strategyaside for the moment,an important
issue raised by critics of electric utilitiesrunningDSM programsis the effect these
programshaveon the financialviabilityof electricutilities.Doessatisfyingcustomerload
requirementsby running DSM programsresult in a less financiallyviable utility than
building power plants to satisfythat load? Many contend that it does.1 A question
raised by this study then is: Are the financialeffects of implementingcost-based
electricitypricingless harmfulto a utility'sfinancialpositionthan runningtechnicalDSM
programsand buildingpower plants?

The answerto thisquestionmay be more importantfor electricutilitiesthat have
not been historicallyaggressivein runningtechnicalDSM programs. Forexample,many
municipallyowned utilitiesare just beginningan integratedresourceplanningprocess.
If cost-based pricingis shownto be more neutralon a utility'sfinancialposition (as
measuredin the incomestatement,balance sheet,and fundsflow)than technicalDSM
programs,managementofthe utilitymay be better-advisedto pursuecost-basedpricing
as a DSM strategy--atleast at the outset.

4. What is the relativeeconomicattractivenessof cost-basedpricing,technical
DSM programs, and generating plants in compadson with their fin_ attractiveness
consideredin thisstudy?

In evaluatingthese three resourceoptions, we consideredonly the financial
benefitsandcostsof the programs. Itis verylikelythattheirrelativeattractivenesswould
change ifeconomiceffects were consideredalso. This is especiallytrue of the relative
attractivenessof cost-basedpricing.

5. Howmuchtechnicalenergyconservationwillproperlypricedelectricityinduce?

This is an importantquestionwhen placedinthecontextof the seventhquestion
dealingwithimplementationof cost-basedpricing. If the potentialamountof electricity
conservationinducedbycost-basedpricingis large,thenthe impetusforelectricityprice
reformshould be that much stronger. If the amount is small, it should then be given
lowerpriorityformanyutilitiesbecauseof problemsthatimplementingcost-basedpricing
may pose in many areasof the country.

6. Whatistheroleof (regulated)cost-basedpricingina morecompetitiveelectric

The issue of comparativefinancialviabilityof electric utilitiesunder different
resourceportfolios(i.e., relativecompositionof pricing,technicalDSM, and power plant
resources)becomesevenmorepressingasthe electricpowerindustryevolvesfromone

tanongoingstudyatORNLisaddressingthatquestion(HirstandHadley,1994),
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basedon regulationto onebasedon competition.As a resultof PURPAand EPACT,the
U.S. electric power Industrywill likely evolve from a group of vertically Integrated,
regulated monopolies--i.e.,from productionthroughtransmissionto distribution--toa
competitive, wholesale power production industry with regulated transmissionand
distributionfunctions.(Thelattertwofunctionshavenaturalmonopolycharacteristicsand
competitionamongsupplierswould likelyintroduceuneconomicredundancy.)

Existingutilitiesthat are less efficientthan their competitorswillbe relegatedto
'electricitybrokers" purchasing power from independent generatingcompanies and
selling that power to ultimate users. Rather than a series of vertically integrated
companies, the industry is likely to evolve into one where there is much more
specialization of function (i.e., predominant generators and transmitters (G&Ts);
transmittersand distributors(T&Ds). Retailwheeling,in which an electricitygenerator
uses another electric utility'stransmissionsystemto sell power to end-use customers,
was originallyincorporatedin EPACTbut deletedat the lastmoment. Individualstates,
however,are consideringretailwheelinglegislationforutilities.intheir states.

In this new competitiveorder, what is the role of pricing? Will and shouldT&D
utilitiesbe free to set market-basedprices? Willgreaterregulatoryemphasisbe placed
on implementingcost-basedpricingas a DSM strategyforT&D utilitiesthan on running
technicalDSM programs?

7. What are the problemsof implementingcost-basedpricing?

For some electric utilities,the conventionalwisdom is that certain customer
classesare subsidizingothers. If this is the case, determiningthat prices shouldbe
raised (or lowered)for certaincustomerclassesbecauseof financial(i.e., cost) reasons
isan issueseparatefromthe politicalrealityof actuallyraising(or lowering)them--I.e.,the
implementationproblem. If the goal of public policy is to s_; rates for all customer
classes at cost-based levels and rates have been distortea (i.e., subsidized or
subsidizing)for long periodsof time,the key politicalissue may now be the processof
getting rates to cost-basedlevels, ratherthan the process of calculatingwhat correct
rates shouldbe.

6.5



REFERENCES

Acton,Jan P. and RollsE. Park,1987,Response to Time-of.DayElectricity Ratesby Large
Business Customers: Reconciling Conflicting Evidence, The RAND Corporation,Santa
Monica, California,R-3477.NSF,August.

Baladi, S. Mostafa, Joseph A. Herrtges, and Thomas J. Sweeney, 1994, "Customer
Responseto VoluntaryTime-of-UseElectricityRates: New Evidencefrom a Controlled
Experiment,"Proceedings: 1994 Innovative Electricity Pricing, ElectricPower Research
Institute,Palo Alto, California,TR-103629, February.

Boiteux,Marcel, 1949, "La Tarificattondes Demandes en Points,"Revue Generals de
I'Electricite, 58 (publishedinEnglishin1960 as "PeakLoadPricing,"Journal of Business).

Borlick,RobertL., 1994, '_Nhen'Least-Cost'is Wrong,"Fortnightly,January 1.

Braithwaitand Caves, 1994, '_NhatStandardPracticeTests Don'tTell Us About DSM-
InducedPriceImpacts,"Proceedings: 1994InnovativeElectricity, ElectricPowerResearch
Institute,Palo Alto, California,TR-103629, February.

CaliforniaPublicUtilitiesCommissibnand CaliforniaEnergyCommission,1987,Standard
Practice Manual'.Economic Analysis of Demand-Side ManagementPrograms, December.

Caves, DouglasW., LauritsR. Chrtstensen,and JosephA. Herriges,1984,"Consistency
of ResidentialCustomerResponseinTime-of-UseElectricityPricingExperiments,"Journal
of Econometrics, 26(1/2), September/October.

Caves, DouglasW., LauritsR. Christensen,PhilipE. Schoech,and Wallace Hendricks,
1984, "A Comparisonof DifferentMethodologiesin a Case Studyof ResidentialTime-of-
Use Electricity Pricing: Cost-Benefit Analysis," Journal of Econometrics, 26(1/2),
September/October.

Caves, DouglasW., Joseph A. Herriges,and KathleenA. Kuester,1989, "Load Shifting
underVoluntaryResidentialTime-of-UseRates,"Energy Journal, 10(4).

CSA Energy Consultants,Inc., 1992,Survey of Innovative Rates, 1991,Three Volumes,
ElectricPower ResearchInstitute,Palo Alto,California,TR-100469,April.

Edison Electric Institute,1992, Statistical Yearbook of the Electric Utility Industry 1991,
Washington,DC, October.

ElectricPower ResearchInstitute,1989,Technical Assessment Guide: Electricity Supply,
Vol. 1, Rev. 6, PaloAlto, California,December.

ElectricPowerSoftware,1993, EPRIIRP-ManagerUser's Guide, Minneapolis,Minnesota.

R.1

I nl



EnergyInformationAdministration,1993,Annual EnergyOutlook: WithProjections to 2010,
Washington,D.C., DOE/EIA-0383(93),January.

EnergyInformationAdministration,1993,Assumptions for theAnnual EnergyOutlook 1993,
Washington,DC, DOE/EIA-0527(93),January.

Faruqut,AhmadandJ. RobertMalko, 1983,"The ResidentialDemandforEnergybyTime-
of-Use:A Surveyof TwelveExperimentswith PeakLoad Pricing,"Energy, 8(10), pp. 781-
95.

Faruqui, Ahmad et al., 1991, Customer Response to Rate Options, Electric Power
ResearchInstitute,Palo Alto,California,CU-7131,January.

Gettings, Michael, Eric Hirst, and Evelin Yourstone, 1991, Diamond: A Model of
Incremental Decision Making for Resource Acquisition by Electric Utilities, Oak Ridge
National Laboratory,Oak Ridge,Tennessee,ORNL/CON-315,February.

Hirst,Ericand StanHadley,1994,Effectsof ResourceAcquisitions on UtilityShareholders,
Oak RidgeNational Laboratory,Oak Ridge,Tennessee,ORNIJCON-384, Draft,March.

Hobbs, Benjamin,1991, ''The 'Most Value' Test: Economic Evaluationof Electricity
Demand-SideManagementConsideringCustomerValue," The EnergyJournal, 12(2).

Hill,LawrenceJ., 1988,PublicPower in the U. S. Electric Utility Indu_Jtry:RegulatoryIssues
and Comparative Financial Indicators across Ownership Types, Oak Ridge National
Laboratory,Oak Ridge,Tennessee,ORNLrI"M-10497,January.

Hill, Lawrence J., 1990, Electricity Pricing as a Demand-Side Management Strategy:
WesternLessons for Developing Countries, Oak RidgeNationalLaboratory,Oak Ridge,
Tennessee,ORNL-6620,December.

Hill, LawrenceJ., 1991a, "Large Power Users and Capacity Shortagesin Developing
Countries:The Roleof InnovativePricing,"International Journal of Global Energy Issues,
3(2), pp. 86-96.

Hill, Lawrence J., 1991b, "ResidentialTime-of-UsePricing as a Load Management
Strategy:Effectivenessand Applicability,"Utilities Policy, 1(4), pp. 308-318, 1991.

Hill,LawrenceJ., 1991c, Comparison of Methods to Integrate DSM and SupplyResources
in Electric-Utility Planning, Oak Ridge National Laboratory, Oak Ridge, Tennessee,
ORNL/CON-341,December.

Hill, Lawrence J., Eric Hirst, and Martin Schweitzer,1991, Integrating Demand-Side
Management Programs into the Resource Plans of U.S. Electric Utilities, Oak Ridge
NationalLaboratory,Oak Ridge,Tennessee,ORNLJCON-311,January(alsopublishedby
the ElectricPower ResearchInstitute,Palo Alto, California,EPRITR-100255).

R.2

I , ,



Lotus ConsultingGroup, 1988, UPlan, The Electric Utility Planning System, Los Altos,
California.

Mak, Juliet C. and Bruce R. Chapman, 1993, "A Surveyof Current Real-TimePricing
Programs,"The Electricity Journal, August/September.

Park, RollaE. and Jan P. Acton, 1984, "LargeBusinessCustomerResponseto Time-of-
Day ElectricityRates,"Journal of Econometrics, 26(1/2), September/October.

PolicyPlanningAssociates,1991,SAFEPLAN(ScenarioAnalysis Frameworkfor Expansion
Planning): Users' Manual, Kirkland,Washington.

Temple, Barker,and Sloane, 1988, Multiobjective Integrated Decision Analysis System
(MIDAS),VoL 1: Model Overview, ElectricPowerResearchInstitute,PaloAlto, California,
EPRIP-5402,April.

U.S. Departmentof Energy,1991/1992,IntegratedAnalysis Supporting the National Energy
Strategy: Methodology, Assumptions, and Results, TechnicalAnnex2, Washington,DC.

R.3



ORNL/CON-352

INTERNAL DISTRIBUTION

1. D. Bauer 23. R. Lee

2. L. Baxter 24. P. Leiby
3. V.D. Baxter 25. J.M. MacDonald
4. L. Berry 26. V.C. Mei
5. D.S. Bjomstad 27. W.R. Mixon
6. R. Braid 28. S. Purucker
7. M.A. Brown 29. D.E. Reichle
8. J.B. Cannon 30. D.T. Rizy
9. R.S. Carlsmith 31. M. Schweitzer
10. F. C. Chert 32. R.B. Shelton
I I. J. Christian 33. B.E. Tonn

12. G. Courville 34. J. Van Dyke
13. T. R. Curlee 35. J. Vancoevering
14. P. D. Fairchild 36. J.M. Veigel (ORAU)
15. W. Fulkerson 37. D.L. White
16. S. Hadley 38. T. J. Wilbanks
17. L. J. Hill 39. ORNL patent Office
18. E. Hillsman 40. Central Research Office
19. E. Hirst 41. Document Reference Section
20. P. J. Hughes 42. Laboratory Records (RC)
21. J. O. Kolb 43-45. Laboratory Records Dept.
22. M. A. Kuliasha

EXTERNAL DISTRIBUTION

45. Dr. Douglas R. Bohi, Director, Energy and Natural Resources Division, Resources for
the Future, 1616 P Street, N.W., Washington, DC 20036

46. Dr. Thomas E. Drabek, Professor, Department of Sociology, University of Denver,
Denver, Colorado 80208-0209

47. Calvin MacCracken, President, Calmac Manufacturing Corporation, 101 West Sheffield
Avenue, P. O. Box 710, Englewood, NJ 07631

48. Jacqueline B. Shrago, Director, Office of Technology Transfer, 405 Kirkland Hall,
Vanderbilt University, Nashville, TN 37240

49. Mr. Georgc F. Sowers, P. E., Senior Vice President, Law Companies Group, Inc., 114
Townpark Drive, Suite 250, Kennesaw, Georgia 30144-5599

50. Dr. C. Michael Walton, Ernest H. Cockrell Centennial Chair in Engineering and
Chairman, Department of Civil Engineering, University of Texas at Austin, Austin,
Texas 78712-1076

51.-52. OSTI, U. S. Department of Energy, P. O. Box 62, Oak Ridge, Tennessee 37831
53. Office of Assistant Manager for Energy Research and Development, DOE/ORO, P. O.

Box 2001 Oak Ridge, TN 37831-8600
54.-750. External Energy Efficiency and Renewables Section Distribution Mailing

List and extra copies to E.M. Schorn, 4500N, H-19A



i_ __i •
.......... _ _.__--....... _ ....... _ ...... _

m Im I In I)II -- '............. all-- - _ _ 111(7,_,f l'"U



[/I I1 III I]I II ..................


