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SUMMARY

To improve the Bonneville Power Administration's (Bonneville's) ability

to analyze the value and impacts of demand-side programs, Pacific Northwest

Laboratory (PNL) developed and implemented the System Demand-Side Management

- (SDSM)model, a microcomputer-based model of the Pacific Northwest Public

Power system. This document outlines the development and application of the

SDSMmodel, which is an hourly model. Hourly analysis makes it possible to

examine the change in marginal revenues and marginal costs that accrue from

the movement of energy consumption from daytime to nighttime. It also allows

a more insightful analysis of programs such as water heater control in the

context of a l_ydroelectric-based generation system,

The SDSMmodel simulates electricity consumption on an average day for

each month, for both a Base Case and a Demand-Side Program Case, over the

years 1989 to 2010. The model covers all aggregated public utilities in the
Pacific Northwest.

Five demand-side management programs were selected to be analyzed'

electric thermal storage (ETS), water heater control (WH), and Model

Conservation Standards (MCS) in the residential sector; efficient commercial

lighting (CL) in the commercial sector; and conservation voltage reduction

(CVR) in the transmission and distribution system. These programs cover a

broad range of sectors and give a broad overview of an hourly analysis of

load-shaping issues such as load shifting and peak reduction. Also, the

California Energy Commission (CEC)tests were implemented to help assess the

economic impact of the programs on participants, the utility, ratepayers, and

" society at large.

In general the energy results were consistent with prior expectations.

There were no energy impacts in the ETS and WHprograms. The MCS, CVR, and CL

programs showed significant energy savings, with MCSsavings showing the most

seasonality. One of the striking results was that the WHprogram generated a

new, higher peak because of the program's payback late in the morning. ETS

used just as much energy as regular forced air; however, its ability to shift

the load into the nighttime hours results in a consistent peak reduction.
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Ali of the p_ograms had sizable impacts on the costs and revenues of

Bonneville. The largest single program impact was from CVR. Because of the

broad efficiency improvements implied by the CVRprogram, considerable savings

occurred; marginal revel_i _. impacts of over $600 million were predicted for the

program. MCS, CL, and WH all had revenue impacts ranging from $150 to $200
I

million. Of the five programs, only MCSand CVRhad positive CECTotal

Resource Cost Test results (societal cost test). The rest of the programs,

while saving energy and/or peak cost, did not meet the Total Resource Cost

Test. The CVRprogram had net benefits of $375 million. The MCSprogram had

net benefits of $127 million.
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1.0 INTRODUCTION

i

This report presents the results of a.study prepared for Bonnevi le Power

Administration (Bonneville) by the Pacific Northwest Laboratory (PNL).(a) For

this study, PNL developed and implemented a microcomputer-based model of the

Pacific _Northwest Public Power system. In this chapter, a context for the

- study is provided, its objectives and methodology are briefly described, and

the report's organization is given.
u

1.1 BACKGROUND

Demand-side management (DSM) has become an important part of utility

planning. Irl the Northwest 'it has received less attention because the hydro

system is generally thought to be energy constrained rather than capacity

censtrained. The large hydro component of Bonneville's generating capacity

gives the Northwestresource portfolio unique operating characteristics. The

analysis in this study provides some additional insights into the interaction

of DSM programs and the Northwest generat,on portfolio.

The load-following abilities of the hydroelectric generation provide an

unusual backdrop for an hourly analysis of DSM programs. PNL staff developed

and applied the System Demand-Side Management Model (SDSM) of the Northwest's

public power system to reflect these circumstances. SDSMmodels an average

day by hour in each month of the year. Because of its hourly focus, it is

able to differentiatedaytime and nighttime savings, winter and summer program

savings, and the value of programs that save energy (peak) when marginal cost

is high from the value of programs that save energywhen marginal cost is low.

The SDSMmodel was developed to enhance Bonneville's ability to analyze

" the value and impacts of demand side programs. Despite the hydroelectric

system, Bonneville faces the same load shaping issues as other utilities, such

" as valley filling, peak shaving, and night time return. Hourly models of

(a) Pacific Northwest Laboratory is operated for the U.S. Department of
Energy by Battelle Memorial Institute.
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system demand are well suited to address the impacts of demand side progranls

oh load shaping problems.

This study uses seasonally and hourly values to determine the relative

value of five sample DSM programs. To properly evaluate a DSMprogram, the

full range of its impacts must be examined. WithQut a careful examination of

the costs, benefits, and their redistribution effects, policy positions are

difficult to defend.

This analysis is consistent with the outputs and assumptions of other

analyses performed by Bonneville, including load forecasts, energy

assumptions, and some program penetration assumptions. The goal of SDSM is to '

gain insights into the effects of programs by examining the hourly impacts,

rather than simply considering annual energy.

The ability of an hourly model such as SDSMto account for diurnal and

seasonal variations in program impacts allows a program's financial impact to

be more precisely calculated. By disaggregating to an hourly and monthly

level, the model carl account for changes irl revenues and for changes in

marginal system cost on a month by month level.

1.2 STUDY OBJECTIVES AND METHODOLOGY

The study develops a consistent model of the public power system in the

Pacific Northwest; and using the SDSMmodel, the study forecasts hourly energy

usage over the next 20 years. Five demand-side management scenarios are

examined in this study: electric thermal storage (ETS), water heater control

(WH), and Model Conservation Standards (MCS)in the residential sector;

efficient commercial lighting (CL)in the commercial sector; and conservation

voltage reduction (CVR) in the transmission and distribution system. These
i,

programs cover a broad range of sectors and give a broad overview of an hourly

analysis of load shape issues such as load shifting and peak reduction.
a

By evaluating the model under different DSM scenarios, we can assess the

implication:s of these scenarios for Bonneville. These implications are

examined in several dimensions. One dimension involves a classic energy/peak

analysis. A second dimension examines the effect on Bonneville revenues and
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costs. The third looks at the relative impact of these progranls on generating

and non-generating public utilities. Finally, the California Energy

Commission (CEC) tests are implemented to hell) assess the impact of the tests

on participants, the utility, ratepayers, and society at large. These tests

assess the economic impact of DSM on these groups.

- 1.3 ORGANIZATIONOF REPORT

This report consists of eight chapters and three appendixes. In Chapter

" 2, the general underlying technical relationships and the outputs of the SDSM

model are briefly discussed. Chapter 2 also describes the software used for'

the analysis and the data required for each module in the SDSMmodel.

Chapter 3 presents the Base Case (the public power system in ' the absence of

any new programs), describes the sources of the data used in this analysis,

and discusses the model calibration process. Chapter 4 describes the programs

analyzed in this study, lt first explains how the five programs were chosen,

then explains the assumptions that were made about penetration and costs

associated with each program, and finally describes the programs in detail.

Chapter 5 presents the analytical results--energy, peak, and financi_,,l--

from applying SDSMto each program in a medium-growth, full technical

performance scenario. The financ'ial results include impacts on marginal costs

and benefits to Bonneville, changes in the retail utility bills for generators

and non-generators, and an application of the four California Energy

Commission (CEC) tests. Chapter 6 examines the sensitivity of the results

presented 'in Chapter 5 to the high-load growth scenario and to a reduced

measure performance scenario. These results provide some sense of the

robustness of the programs. Chapter 7 summarizes the conclusions of the

- study, and Chapter 8 contains the list of references.

Appendix A shows in graphical form 'Lhe simulated loa(' _-hapes compared

" with average historical system load shapes. Appendix B shows the penetration

schedules for the five SDSMprograms, and Appendix C discusses CVR peak

reduction potential in the Bonneville Service Area.
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2.0 SYSTEMDEMAND,SIDEMANAGEMENTMODELANDMETHODOLOGY
.,-

The System Demand-Side Management (SDSM)model is an hourly model.

Hourly analysis makes it possible to examine the changes in marginal revenues

that accrue from the movement of energy consumption from daytime to nighttime.

lt also allows a more insightful analysis of programs such as water heaterw

control in the context of a hydroelectric-based generation system.

. This chapter provides background on the SDSMmodel, A detailed

discussion of the equations and mechanics of the model is contained in System

Demand-Side Management: Software Tool Descripti,on.(a) The background

information is presented in the same order that information flows through the

model: the end-use module first, then the summary module, and finally the

financial module.

2.1 OVERVIEWOF THE SDSMMODEL

The SDSMmodel simulates electricity consumption on an average day for

each month, for both a Base Case and a Demand-Side Program Case, over the

years 1989 to 2010. The model covers all aggregated public utilities in the

Pacific Northwest. The model is written in Javelin,(b) a personal computer

modeling package especially well suited to time series data. Running the

model requires a copy of javelin an IBM AT or compatible personal computer

and, because of the SDSMmodel's expanded memory, large data storage

requirements.

The SDSM model's Base Case is set up to follow and use data developed

from conventionalBonnevillesectionwork. The Base Case contains six

. sectors: residential,commercial,industrial,aluminum service industries,

, agricultural, and street lighting sectors. The Base Case is calculated _y

(a) Sands, R. D., and J. E. Englin. 1990. Letter report to Bonneville,
Portland,Oregon.

(b) Javelin is a registeredtrademarkof Javelin Corporation,Waltham,
Massachusetts.
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summing the end uses into sectortotals and then aggregating the sector totals

to find the system load.

The Demand-Side Program Case is found by adjusting the Base Case to

account for the changes induced by a program affecting a single end use. The

calculation involves subtracting (or adding) the impact of the program on the

end use from the system loads for each hour. The analysis examines the effect

of each program in isolation, requiring a separate analysis for each program.

SDSMcontains three types of modules: end-use modules, summary modules,

and financial modules. Each end-use module requires enough information to
',

simulat_ load shapes by month, for both a Base Case and a Demand-Side Program

Case. The summary module aggregates across end uses and compares the Base

Case with the conservation programs analyzed in this study (described in

Chapter 4) with one summary module per demand-side program. The financial

module then performs a cost-benefit analysis, with one financial module per

demand-si de program.

Total system load can be broken down into any number of end uses, which

are simulated separately in end-use modules. For the Base Case in this study,

the end uses are defined as follows, with one module per end use:

• residential

- space heat

- water heat

- other

° commercial

- lighting
lj

- ather

• industrial

- pulp and paper

- lumber

- metals

2.2
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- chemicals

- food

- other

• aluminum direct serviceindustries

. • agricultural

• street lighting.

" Each end-use module requires information on load shapes, energy consum-

ption, number of units, saturation rates, and penetration curves for demand-

3ide programs. Four types of equipment are simulated over the 20 years:

original equipment, replacement equipment for the Base case, new equipment for

the Base Case, and demand-side program equipment. The Demand-Side Program

Case is constructed by allowing demand-side program equipment toreplace other

equipment at a rate specified by demand-side program penetration curves.

Once the end uses have been simulated for the Base Case and the Demand-

Side Program Case, output from all end-use modules is consolidated into a

summary module. The financial modulethen uses output from the summary module
for a cost-benefit analysis.

2.2 END-USEMODULESTRUCTURE

Almost all of the nonfinancial data are entered into end-use modules.

There is one module, or Javelin template, per end use _ This module keeps

track of the quantities of four types of equipment from 1989 through 2010.

Each type of equipment has an associated load shape for each calendar month,

. and total energy demand by end use is calculated by multiplying equipment

counts by their load shapes and summing across equipment types.

- Load shapes for each type of equipmentare scaled so that they match

monthly and annual energy control totals. This allows end-usemodules to be

calibratedto forecastsof annual electricityconsumption. The four types of

equipment are:

2.3



Base Case: existing equipment
replacement equipment
new equipment

Demand-SideProgramCase: demand-side programequipment

TWO scenariosare constructedin the end-use module: a Base Case and a

Demand-SideProgramCase. Output for each scenarioconsists of hourly .

electricityconsumptionOn an average day for each month from 1989 through

2010. Both cases are simulatedseparately,with all four equipmenttypes

entering into the Demanu-_,ueProgram Case where demand-sideprogram equipment
, ,

replaces other equipmenttypes over time. In a retrofit program, existing

equipmentwould be replaced. New standardsfor applianceefficiencywould

impact replacementequipmentand new equipment.

Using three differentequipmenttypes provides the flexibilityto

simulate a realisticBase Case. Even without any demand-sideprogram in

place, existing equipmentwill wear out and be replaced with equipmentthat is

at least as energy-efficient. An effectivedemand-sideprogramwill improve

even further on standardreplacementequipment.

Each end-usemodulestarts out with annual counts of buildings, both

total buildings and new buildings,from which the number of existing buildings

can be calculated. An equipment replacementcurve, based on equipment

lifetime, is appliedto existing buildingsto determinehow many buildings

will require equipmentreplacement. For example, the equipmentreplacement

curve determines how many water heaterswill be rep.aced each year in existing

homes. For each year, there are now three categories of buildings: I)

buildings that still use the originalequipment,.2)old buildingsthatmust

replaceworn-out equipment,and 3) new buildingsthat require new equipment.

Next, saturationrates, or market sharesof electricity,areapplied to

the three categoriesof buildings. For example, the saturationrate for

replacementwater heatersdetermineswhat fractionwill be electric. If

supporting data are available,three differentsaturation rates for the three

different equipmenttypes may be entered. This providesequipment counts, by

year, of the three types of electricity-consumingbase-caseequipment. The
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Base Case is then constructed by multiplying equipment counts by load shapes
I

and summing across equipment types.

A Demand-Side Program Case is constructed by keeping track of demand-

side program equipment over time. Penetration rates for a demand-side program

determine how quickly base-case equipment is replaced with demand-side program

. equipment. The model allows for two types of penetration rates, one for

retrofit programs and one for programs impacting new and replacement

• equipment.

2.3 SUMMARYMODULE

The summary module is the simplest of the three modules. The summary

module aggregates the end-use modules according to sector and tracks the

energy, peak, and shape of each sector as well as 'the total load shape.

Each demand-side program has its own summary module. This module

contains system base-case information, identical across all the programs, and

the effect of the particular program on the Base Case. From a computational

perspective, the only change needed to examine a different program is to add

or subtract the effects of a different program end-use module.

2.4 FINANCIAL MODULE

The financial module performs four functions. First, the program cost

information is entered into the model. Second, the module performs annual

energy calculations that aredirectly comparable to other Bonneville

forecasting models. Third, the module calculates the California Energy

Commission (CEC) tests, estimating program impacts on the energy and demand

. charge of the generating and non-generating public utilities in the region

[CEC and California Public Utility Commission (CPUC) 1987].

" The financial model also calculates energy numbers that are commensurate

with other Bonneville planning models, for example, system average megawatts

(AMW)by average day, by month, and by yeari and estimates of the sustained

peak by month and by year.
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To calculatethe CEC tests (or financialresults),the module requires

the followingcost information:

• incentivelevels per participant,

• administrativecosts per participant

• avoidedparticipantcosts per participant

• participantout-of-pocketcosts

• maintenance costs per unit

.. measure cost (S/unit)

• discount rate. '

The four CEC tests were designedto indicatethe impact of the program on

each of the interestedparties. The interestedpartiesin a utility demand-

side programare the participants,the utility ratepayer,the shareholdersof

the utility (the utility itself serves as proxy for its shareholders),and

society (which cares pri_i,_rilyabout minimizing total resources).

The tests are designedwith a conventionalthermal utility in mind, which

creates some conceptual difficultyin directly applying the tests to

Bonnevilleprograms. A furtherdifficulty in applying the CEC tests to this

model is that the CEC tests are designed to be appliedto a closed system.

This model does not dictate how Bonneville is to distributethe revenue from

out-of-regionsales. Some assumptionsabout the distributionof the benefits

receivedfrom a program need to be made. For this study, we assumed that any

revenuethat accrues from the programwill eventuallyflow back to program

participants.

The financialmodule also examines the impactsof the program on the

demand and energy portions of the generatingand non'generatingutility bills,

This is based on the percentageof the hourly load that accrued to the

generatorsand non-generatorsby hour for each month of the year during

2.6



and 1986.(a) (The calculationmultipliesthe percentage,by hour, times the

simulatedsystem load for each month and year of the forecast..)

Finally,the financialmodule calculatesthe present value of changes in

Bonneville systemcosts and revenues. The changes in costs are calculated

under two scenarios. One is if the transmissionand distributionsystem is

. considered binding_ Clearly, the instantaneousgeneratingcapacity of the

hydro system in the Northwest is greaterthan the transmissionand

• distributionsystem can handle. This versionof the marginal costs also uses

the conceptof a single hour peak as the measure of peak. lt is closest to

the traditionalthermal utilityapproachto valuingmarginal costs.

A secondmeasure of marginal cost is provided through the use of a

sustainedpeak. This approach ignoresany added coststhat would accrue to

the transmissionand distributionsystem and focuses on the averagemegawatts

required during the peak 15-hourperiod. In this case the marginal cost is

the cost of energy (the same as the constrainedcase), with the energy cost

includinga daytime adder. This is the same as the sustainedpeak marginal

cost. The marginalrevenues are calculatedthe same in either circumstance.

They includethe additionalrevenueBonnevillecould receive from sales to the

highestbidder of the power freed up by the program.

2.5 MODELVERIFICATION

Each of the three module templates was subject to verification of the

underlying model relationships and logic. The level and focus of the model

verification and quality assurance variedaccording to the function and degree

of computational difficulty associated with each module.

- The most straightforward of the modules was the end use module. Since

the module only carries forward load data, no log_cal testing is required.

(a) If, for example, the generatingutilitiesused 60_ of the load at 8:00 am
on an averageday in January,the simulatedsystem load is multiplied by
0.60 at 8:00 am for each January in the forecast. Becausethe utility
behaviorin 1985 and 1986 is expecledto apply to the years forecasted,
these numbers provide a measureof the changed incentivesto generators
and non-generatorsunder the program.
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The focus of the qualityassuranceproceduresis to be certain that the data

and variable names are consistentacross the modules and line up with the

names in summarymodule.

The summarymodule contains both new data and informationimportedfrom

the end use module. Model verificationconsistedof two major procedures.

The first was to verify that, on a month by month basis, the SDSMenergy and

peak results matched the results found us ing tile PLMmodel of energy. The

second module verification procedure was to check the logical consistency of

the underlying code by checking sub-sections of tee calculations in another

software package. Together these two strategies assured that the softwarei

programming used in the model conforms with expectations.

The final module is the financial module. This module was verified in

two ways. One was to assure that the interface between the financial module

and the summary module was correct data entries were checked one by one for a

random subset. Secondly, the software programming was verified on an output

by output basis using other software. Verifiaction ofd the outputs using

another software package assures that the programming logic is as expected.

2.8
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3.0 BASE-CASEMODEL

The Base-Case models the public power systent is the absence of any new

programs. The Base Case provides predicted system loads by hour for each

month of the year over twenty years. This chapter describes the inputs

required to generate a Base-Case analysis, the calibration of the Base Case,

" and the verification of the Base-Case simulations and calibration through

comparison with historical system load shapes.

3.]. SECTORALINPUTS

In the Base Case the sectors are modeled as end-use energy demand by hour

for an average day in each month of the year. Summing across end uses creates

the simulated system load shape for each of the twenty years covered by the
, ,,

Base Case. Each end-use module requires inputs on the number of buildings,

market share of electricity, average load shapes for each month, annual energy

consumption per appliance, and the breakdown of annual energy into monthly

energy consumption.

The 1989 long-term Bonneville forecast of annual energy consumption

provides many of these inputs. Data from Bonneville's End-Use Load and

Consumer Assessment Program (ELCAP) provides residential and commercial load

shapes; load shapes for other sectors are taken from the Hourly Electric Load

Model (HELM). Input data were obtained from the following sections at

Bonneville: the Residential/Commercial Section of Power Forecasting (RPCB),

the Utility Load Section of Power Forecasting (RPCD), and the End,Use Research

Section of the Assessment/Evaluation Branch (RPEE). Data inputs for each

sector are summarized below.

3.1.i Residential Sector

Control totals for annual energy consumption by end use are taken from

the medium-case forecast for' public utilities obtained from RPCB. Control

totals are expressed in average megawatts for each end-use by year. The

forecast provides annual energy consumption, numbers of households, and

saturation rates for" electric appliances.
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ELCAPprovided hourly electricity consuml)tion data by end use i or sever:al

hundred residences in the Pacific Northwest Separate load shapes were con-

structed for each calendar month by averaging hourly electricity consumption

across households and days in the month. Monthly energy consumption shares

are inputs required by the end-use module. The ELCAPdata are also used to

construct the breakdown of annual energy consumption into monthly energy

consumption shares,

3.1.2 Commercial Sector

The medium-case commercial sector forecast provided annual energy control

totals by end use. Forecasts of commercial electricity consumption are based

on floor space, not numbers of buildings. For the SDSMmodel, a "building" is

defined as I0,000 square feet of floor space. The commercial sector is

modeled with two end uses, Lighting and Other, which are assumed to cover I00>o

of the floor' space.

As in the residential sector, load shapes were derived from ELCAPdata.

ELCAPwas able to provide shapes for five building types: offices, retail,

grocery, restaurant, and warehouses. In order to be used in the SDSr.imodel,

these commercial sector building types were weighted and aggregated to derive

a representative commercial building. This representative commercial building
was then used in the SDSMmodel.

3.1.3 Industrial Sector

Six industrial groups are Inodeled in the SDSMmodel Pulp and Paper,

Lumber, Metals, Chemicals, Food, and Other. Control totals for annual energy

consumption were,taken from the medium-case industrial forecast. Industrial

forecasts reported by Standard Industry Code (SLC) industry group were aggre-

gated into these six industry groups for each of the six end-use modules.

Because nI) particular' customer number is reported for each industrial group,
each industry is modeled as one _arge aggregate customer. Load shapes used irl

SDSMwere taken from tile IIELM.

3.1.4 Aluminum Direct Service industries (DSIs) Sector

Control totals for annual DSI energy consumption were taken from tile

medium-growth forecast. Load shapes were obtained by aver'a(ling daily load
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shapes from HELMacross days in a month. RPCDprovided the monthly shares of

annual energy.

3.1.5 A_ricultural Sector

Agricultural sector forecasted loads came from the medium-growth forecast

for public utilities. The number of units or customers was obtained from

RPEE's End-Use Research Section. The load shapes from the HELMmodel were

modified inthe winter months, The absence of loads from November through

February in the HELMshapes _as not Substantiated by fiscal and operating

data. The monthly share breakdown was based on fiscal and operating data.

3.1.6 Street Light!ng Sector

Annual energy forecasts for Street Lighting came from RPCD's Utility Load

Section and the load shapes came from the HELMmodel. The daily shapes were

averaged by hour into average monthly shapes. The monthly share breakdown

came from fiscal and operating data.

3.2 SYSTEMCALIBRATION

The SDSMmodel is not capable of simulating energy consumption in the

same way as the long-term residential forecasting model. In particular, price

elasticities are not included in SDSM. The SDSMmodel simply calibrates "Lo

annual energy in the beginning and ending years of the long-term forecast.

Base-case calibration is accomplished by adjusting energy consumption for

the three types of base-c,_se equipment, which are inputs to the model. In

1989, the starting year, energy consumption for original equipment in the Base

Case is adjusted to match the forecast. To match the ending year forecast, in

2010, energy consumption for new and replacement equipment is adjusted.

Ali oi: the end-use modules were calibrated to both the beginning and

ending },ears of the long-term forecast. The residential forecast used for

" SDSMdoes not include Model Conservation Standards (MCS) homes but does assume

that new or current-practice homes will be more efficient than existing homes.

Conservation savings for' the MCSprogram are relative to current-practice

homes. A separate set of end-use modules was calibrated to the high-growth

forecast to examine the sensitivity of conservation savings to load growth.
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The end-usemodules were set up so that much of tile data found in a

medium-growth forecast could be entered directly. This was especially true of

the following annua] time series froln the residential forecast: total house-

holds, new households, saturat_Jn rate for existing equipment, saturation rate

for new equipment in existing ho,_seholds, and saturation rate for new

equipment in new households.

3.3 VERIFICATION

The SDSMmodel starts with annual energy consumption for each type of

equipment in the Base Case. Annual energy is then broken down into monthly

energy, based on monthly consumption data from ELCAPor HELM. Dividing by the

number of days in each month provides energy for an average day by end use.

Daily energy is then broken down into hourly consumption using the ELCAPor

HELMload shapes. Multiplying the load shapes by equipment counts and summing

acruss end uses provide a simulated system load shape for an average day

during each of the twelve months.

The quality of the Base-Case simulations and calibration is assessed by

comparing it with historical system load shapes. Simulated system load shapes

from 1989, the first y(,ar in the SDSMmodel, were compared with average his-

torical system load shapes from 1985 and 1986. This comparison was done for

all twelve months. Appendix A provides a graphical comparison of historical

and modeled system shapes.

After all of tlme end-use modules were completed, annual energy totals

were again checked against the 1989 Bonneville forecast. Variables were added

to the end-use modules to sum energy consumption across months, providing

annual energy totals. Annual energy, in megawatt-hours, was then converted to

average megawatts for a iirect comparison with the forecast. The totals match "

because of SDSM's calibration for residential and commercial end-uses in 1989

and 2010, the beginning and ending years of the SDSMsimulation. Other

sectors are modeled with less detail, allowing for calibration to energy

totals for all years.
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4.0 DEMAND-SIDEMANAGEMENTANALYSIS

This chapter presents information about the conservation programs

analyzed in this study, including the rationale behind the selection of tile

programs and cost and the program penetration information. Each program is

then discussed separately in detail.

4.1 PROGRAMSELECTION

Because a major goal of this study was to prove'de a broad test of the

application of the SDSMmodel and methodology to varying data quality and

institutional wisdom about DSMprograms, a key issue in the study design was

selecting the programs to be analyzed. Three criteria were applied in

selecting these programs:

• The programs should span the main customer sectors that Bonneville
serves. By spanning several sectors, a variety of Bonneville analytical
sections could contribute to the project. This also provided a test o'F
the impact of programs in different sectors on Bonneville system loads
over the next twenty years.

, New programs not under active development at Bonneville should be
included, as well as existing programs.

• Load-shaping issues should be addressed. By looking at programs that
affected system loads in dramatically different ways, the study could
examine the relative impact of different strategies to shaping the
Northwest's public system,

. Four primary sectors of load were considered for programmatic analysis:

residential, commercial, industrial, and agricultural. The residential sector

was chosen because it will play a major role in load growth in the Pacific

Northwest over the next twenty years and residential data are readily

" available. Three programs were selected that affect residential sector load:

Model Conservation Standards (MCS), water heater control (WH), and electric

thermal storage (ETS). Although the commercial sector has also been well

studied across the country, the results of many of these programs are not

applicable to conditions in the Pacific Northwest region and ol;hers would

. clearly be impractical here. Only commercial lighting (CL) was considerecl

• suitable. This type of pr(,gram has been studied around tile country and irl the
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Northwest. Industrial programs proved to be elusive: sufficient detailed

information was not available about costs, penetration schedules, and load-

shape impacts to construct a credible program. As a result, no industrial

program is ana'lyzed. The agricultural sector was not included in this study

because it has been the recent subject of careful analysis by Bonneville.

Finally, conservation voltage reduction (CVR) was chosen because it allows

Bonneville to enhance the efficiency of the system itself rather than

attempting to influence the end-use demands oi particular sectors. Because

CVR enhP.nces tile efficiency of the entire system, it covers all sectors.

The MCSis an extremely well-studied program; several of the other

programs are less understood in the Northwest. Applying a CVRprogram to the

Pacific Northwest power system has been the subject of several studies, as has

CL. ETS has been examined in other parts of tile country and has been consi-

dered as a program to defer transmissien and distribution construction, but

has not been the subject of a region-wide study. A similar discussion applies

to WHprograms.

The programs are designed to address a wide range of load-shaping issues.

MCSaddresses basic energy saving and winter peaking concerns. CVRsaves

energy all year. ETS shifts load From the daytime to the evening, filling the

nighttime valley and reducing peak. The WHprogram is a peak reduction pro-

gram that can operate all year. The CL program is basically an energy

reduction program but also provides some peak savings.

4.2 PROGRAMPENETRATIONANDCOSTDATA

Once the programs were selected, the program design issues had to be

addressed, including the rate of penetration and program costs. The degree to

which the programs penetrate the respective "populations" varies considerably.

MCSand CVR achieve very high penetration rates because they are either code

or entirely under Bonneville control. Other programs are not likely to

achieve such high penetration rates. The penetration schedules associated

with each program are shown in Appendix B.

l al)le 4.1 shows the costs associated with implenlenting each program, lhe

table sIlows the cost per participant or control point for each of the programs
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TABLE4.1. Program Costs ($ per participant)

ETS WIt NCS

Incentive I00 25 1609

Installation 0 0 0

Measure 2400 150 0

Administration 5 0 0

Maintenance 0 0 0

except for the CVR and CL programs. The CVRcovers the entire system at a

cost of $12 million per year for 10 years. CL is on a per-square-foot basis.

The costs are defined as cost _)er average I0,000 square foot commercial

building. CL incentive costs are $3,1681 a $20 administrative cost is

assumed. The t ble shows the ETS program to be the most expensive on a per-

point basis. MCSfollows closely behind, with WHeasily the least expensive.

4.3 ELECTRICTHERMALSTORAGEPROGRAM

The ETS programs store heat generated during the evening and release

that heat during the day by heating bricks or crushed rock at night and simply

circulating air over the hot bricks or rock during the day. ETS programs can

have dramati,c effects on the pattern of heating load used by residential

customers. However, they may create new, higher peaks early in the morning or

late at night if too many customers join a program. In the United States, ETS

has enjoyed good customer acceptance in the Northeast and the Midwest

[Electric Power Research Institute (EPRI) 1987, pr 53]. ETS has been widely

used in Europe. In general it is a well-understood program.

Heat storage systems allow consumers to have heat on demand but consume

electricity to charge the storage system, which can only be used during a
A

predetermined time period. The heat is stored irl the rocks or bricks by

heating coils that have capacities between 14 and 30 kilowatts (kW) and

storage capacities between 90 and 200 kilowatt-houl°s (kWh). The load for the

fan required to circulal:e the heat is about 0.17 kW. Standard heating

charging periods are about 8 hours_ the timing of the charging cycle is up to
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the utility. No consumer benefits or costs are associated with tile timing oi:

the recharge.

End-use load shapes are based on an engineering adjustment to ELCAPload

shapes. The engineering adjustment assumes that the total daily heating load

of the residence will not change under a ceramic heater program. The ceramic

heater program will even out the load throughout the nighttime hours, but will

be essentially zero during the day. The only load will be the fan used to
i

circulated air over the hot bricks. Figure 4.1(a) compares the average base

and ETS typical residential load shape.

4.4 WATERHEATERCONTROLPROGRAM

WHpro:rams directly control residential water heaters either by

installing a timer on the water heater or by using radio command. Normally,

water heaters are controlled either by complete shutoff or by cycling during

peak morning periods. The peak period control results in a need to pay back

the energy later in the morning. As a result, system peak is reduced in the

early morning but, when the full system load is flat in the morning, the

payback carl result in a new highe r peak later in the morning.

WHprograms have been widely applied throughout the United States. One

Northwest program is currently under way in the Milton-Freewater Public

Utility District (PUD). WH is well understood and (relatively) widely

practiced (EPRI 1987, p. A-57).

WHmeasures are widely used throughout the country as a way for a

utility to control loads that are spiked in the morning and are truly

deferable for many customers. The typical reduction in peak demand achieved

from control of water heaters is i kW. Deferred savings has been reported to
Q

range from 0.3 kW to 1.6 kW per controlled water heater.

The controlled water heater end-use load shapes used ii_ this analysis

are based on an engineering adjustment to ELCAPdata. The loads are

(a) All figures referred to in this chapter are shown at the end of the
chapter.
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control'led between 6:00 am and 9:00 am and are paid back between 9:00 am to

12:00 pm. Figure 4.2 compares the load shapes associated with the average
base and WHcases.

4.5 MODELCONSERVATIONSTANDARDSPROGRAM

The residential MCS constitute an energy-efficiency code for new resi-

dential construction. The philosophybehind the improvementin energy i

efficiencyis that residentialconstructionwill be a lost resource in the

• futurewithout energy-efficientconstruction. Bonnevilleha_ an extensiveMCS

programand activelyencourages its adoption throughthe Nort,hwest Energy Code

program. This analysisassumes that the code will be adoptedon a region-

wide basis by 1992,

While the MCSprogram has undergone considerable shifts and changes

since its introduction, its basic intent and construction and material

requirements have not. The code requires improved energy eff!ciency in

windows, doors, and insulation. In addition, the code emphasizes different

construction techniques that make 'the house "tighter," improving the energy

efficiency of the home.

Because MCSis a code rather than a technology, its technical descrip-

tion is not clear cut. A variety of methods can be used to meet the MCS. A

second confounding factor is that the specifics of the MCSdiffer by climate

zone. This makes definition of the precise technical aspects of the MCScode

beyond the scope of this chapter. The key ingredient is that achieving the

MCSmeans achieving a particular level of energy efficiency. The average

annual energy savings the code is expected to achieve across the three climate

zones is 2476 kwh per residence built to the code.
• p

In most analyses the adjustment to the Base-Case end-use load curves is

• . based upon an engineering calculation. In this analysis the end-ruse load

shapes are based on actual metered data: subset of the ELCAPproject meters

homes built to the MCS, the Base-Case houses are based on the non-MCS ELCAP

homes. Figure 4.3 compares average base and MCSspace heating loads for a

typical residence.
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4.6 COMMERCIALLIGHTING PROGRAM

Increasing the efficiency of CL is source of both peak and energy

reduction• The basic premise of the program is that much of the existing CL

is not energy-efficient. In most retail stores the CL load is between 254 and

309 of total building load. The program consists Of increasing the energy

efficiency of the CL as the lighting is replaced due to natural failure.

Energy-efficient CL is well understood and is part of many demand-side

programs around the country. "

Several approaches to CL are available. The most straightforward is a

simple replacement of existing bulbs with more efficient bulbs during the

normal replacement cycle. A general sense of the energy used by commercial

buildings is that an average office building will use 1.57 watts per square

foot (W/ft2) and a restaurant will use 1.62 W/ft 2. The energy-efficient

lighting will reduce this energy consumption by 124.

The precise reduction of the building load depends on the type of com-

mercial building. Without splitting the commercial sector into each of its

sub-building types, precise estimates of the technical potential of the energy

savings are not possible. This study uses an average commercial square foot,

which is built up from approximate counts of the different types of commercial

buildings in the Pacific Northwest using the Pacific Northwest Nonresidential

Energy Survey (Baker 1986)• End-use load shapes are based on an engineering

adjustment to ELCAP load shapes. The engineering adjustment assumes that the

pattern of total daily lighting will not change under the program• The change

in the load comes through the change in the energyused by the lighting.

Figure 4.4 compares the average base and CL load shapes for a typical

commercial building.

4.7 CONSERVATIONVOLTAGEREDUCTIONPROGRAM

One option for reducing system energy and demand is to improve the

system itself. CVR is one technique that could be applied to produce savings

in all distribution systems in the Bonneville service area. An analysis of

the potential savings for theBonneville system is reported in Assessment of

Conservation Voltaqe Reduction Applicable in the BPA Service Region (De Steese
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, _ ull,i ,

1987). This report is the basis of the present analysis to estimate tile

regional effect of using CVR as a peak reduc.'tion measure.
, i

Most appliances are sensitive to the voltage level of electric _ervice

coming into a building. Residential service is required to be in a range of

114 to126 volts, or with_in 5_ of 120 volts. If the voltage serving a

residence is reduced, many of the appliances will consume less energy.

Resistive loads, such as lights and heating elements, will experience more

than a proportional decrease in power:. However, some of the decrease will be

offset over time because the appliance will stay on longer. This is

particularly true of electric resistance space heating systems.

A CVR program imposes a narrower band, from 114 volts to 120 volts, on

the voltage serving appliances. Each appliance still operates on a voltage in

the allowable range, but the average voltage serving all appliances is lower.

Table 4.2 shows estimates of the percentage reduction in power, by sector, for

a voltage reduction of 2.859, the percentage reduction used by De Steese

(1987). The values in Table 4.2 were used to scale the base load shapes used

in the SDSManalysis by a fixed percentage reduction throughout the day.

Estimates For each sector are based on an average percentage response of

demand, or power, to a 14 reduction in voltage. The rate of response, or

elasticity, for each sector is actually a linear approximation to the sum of

many nonliilear processes. Appliances respond very differently to voltage

reductions, rmquiring separate elasticities for each sector. The percentage

change in voltage and an elasticity are all that are needed to estimate

percentage changes in demand due to CVR.

Appendix C provides more detail on the percentage of voltage reduction

that could be achieved through various CVR programs. The appendix also

provides estimated costs for each of the programs. Section C.5 describes how

the response to a change in voltage, or elasticity, can vary across

appliances.
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TABLE4.2. Percentage Effect on Hourly Load Shapes
for 2.854 Average CVRApplications

CVR Hourly
End-Use Load DemandReduction (4)

i'

Average Residential Sector Energy 2.2

Average Commercial Sector Energy 2.8

Average Industrial Sector Energy 1.2 .

Average Agricultural Sector Energy (a)

(a) Literature lumps Agriculture with Industrial Sector. The
percentages Could be considered to range between 1.2_ for the
Industrial Sector and 2.g_ for the Motor-Operated Equipment.
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5 0 RESUI.TSFOR PROGRAMSANALYZED

This chapter reports the impacts of the five DSMprograms analyzed in

this study on the public power system. First, the peaking and the energy

results of the analysis are discussed. The remaining sections are devoted to

the financial results: the Bonneville financial impacts, the retail utility

- impacts, and the CEC tests.

• 5.1 DEMAND-SIDEMANAGEMENTENERGYRESULTS

The ETS and WHprograms were designed to have no energy impacts. Energy

was shifted between hours within each day, resulting in no change to total

energy consumption over a month or yea_'. The other three programs resulted in

energy savings. Energy savings by season--measured in average megawatts

(AMW)--for CL, MCS,and CVR are shown in Figures 5.1 through 5.3,

respectively. (a) . Energy savings from residential MCSare concentrated in the

winter months because of theNorthwest system characteristics. Savings from

the CL program are spread out fairly evenly throughout the year. The CVR

program had the highest overall energy savings, at 168 AMW,with a seasonal

pattern roughly proportional to that of total system load.

5.2 DEMAND-SIDEMANAGEMENTPEAKRESULTS

Peak savings are generally higher than the corresponding average energy

savings for four of the fivedemand-side programs. Peak savings are measured

in megawatts at the hour of system peak and are therefore coincident peak

savings. Coincident peak savings for ETS, WH, CL, MCS, and CVRare shown in

Figures 5.4 through 5.8, respectively.

" ETS reduces winter system peaks, even without any overall energy savlngs.

The WHprogram peak impacts differ from other programs. With controlled water

heaters in the region, the hour and magnitude of system peak can be changed.

If the system peak is changed, then peak savings from WHare negative. If the

(a) Ali figures referred to in this chapter are shown at the end oF the
chapter.
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time of system peak is not changed, then savings are positive. Peak savings

for WHwere positive during some months and negative during others, especially

in the summer. The negative savings in the summer result from tile payback

causing a higher later system peak.

5.3 DEMAND-SIDEMANAGEMENTECONOMICRESULTS

The DSMeconomic results value the changes in energy and capacity

generated by the programs. Three dimensions of the results are reported here:

the impact of the programs on the revenues and costs of the Bonneville system,

the distribution of the results across the generating and non-generating

retail utilities in the Northwest, and the calculation of the conventional CEC

tests of the relative value to different participants. These results yield

some insight into the distribution of the benefits of the programs.

5.3.1 Bonneville Economic Results

Two economic impacts on Bonneville from this program are assessed:

marginal revenue and marginal cost. Marginal revenue .is evaluated under a

single set of assumptions, while marginal cost is evaluated under two sets of

alternative assumptions: 1) when transmission and distribution are

constrained and 2) when the transmission and distribution are not constrained.

Table 5.1 shows the present value of the marginal costs and marginal

revenues to Bonneville by program. The difference in marginal costs between

the transmission and distribution constrained case and the unconstrained case

are small for each of the programs except WH. This difference reflects the

relative precision of the WHprogram. WHis aimed at a particular hour, the

system peak, rather than across a broad spectrum of hours. In the constrained

case the WHsavings reduces system marginal cost by an additional $28 million.

Aside from this case, little difference exists between the two methods of

valuing changes in marginal cost.
A

As "Fable 5.1 indicates, the programs differ greatly in the scale of their

effects. CVR is the dominant program with respect to reduction in marginal

cost and increases in potential marginal revenue. The present value of tile
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Table 5.1. Bonneville Economic Results (millions oi: dollars)

Reductic_ns in
Unconstrained Reductions in Increases in

Costs Costs Revenue

ETS 32 26 73

WII 44 16 130

" CL 143 147 169

MCS 127 : 133 186

" CVR 530 527 642

increasedmarginalrevenueis forecastedto be better than one-halfbillion

dollars• The other programsall fall into the 100 to 200 milliondollar

range.

5,3.2 Utility Impacts

The generators,non-generatorsand the DSIs constitutethe bulk of 'Lhe

public power system'scustomers. The presentvalue of the impactin millions

of dollars of the five programson F'othgeneratingand non-generating

utilities is shown in Table 5.2. Becausethe ETS and WH programshave no p_t

energy impact,the utilitiesenergy payments to Bonnevilleare not affected.

However, the demandcharge is reduced. In general, the reductionin payments

seen by PriorityFirm rates is modest. The greatest reductionby a large

margin is an $18.8 million reductionof non-generatorsdemand chargesunder

CVR. Non-generatorsbenefit more from additionalreductionsin demand charges

fable 5.2. Retail Utility Impacts (millions of dollars)

Energy Charge DemandCharge
• Generator Non-Generator Generator Non-Generator

ETS 0.0 0.0 -0.7 -1.4

WH 0.0 0.0 -1.7 -3.8

CL -0.8 -2.3 -0.3 -0.7

MCS -0.5 -1.4 -0.5 -1.0

CVR -6.8 -7.8 -3.7 -8.8

5.3



than do the generators because most generators already manage their generation

to reduce their Bonneville demand charges, Our analysis assumes that the

behavior of the utilities does not change regardless of program activities.

5.3,3 California Enerqy Commission (CEC) Tests

Another perspective on the programs can be found by applying the four

CECtests, l'he CECtests are designed to reflect a variety oi; perspectives on

program benefit an'dcosts (CEC and CPUC1,987). The 'tests are simple or net

present valuesusing silnilarvariables in their calculation, l'he

distinguishingfeaturesof each test are as follows:

• The ParticipantTest is the only test that includesas a benefit
the reduci_Ionin energy bills (ratherthan rates)of program
participants.

• The RatepayerImpactMeasure (RIM) Test considersincreasesin
rates to be a n'egativeout'comeregardlessof the impactof the
program on participantbills or social well being.

• The Total ResourceCost Test, or societal cost test, includesall
the costs and benefii:Sfor both the utility and participants
Accordingto the CEC, it counts as costs both utilityprogramcosts
and participantout-of-pocketcosts.

• The UtilityCost Test is identicalto the Total ResourceCost l'est
except that participantcosts and benefits are excluded

These tests are useful tools for screeningand rankingpotential

resources. Table 5.3 shows the resultingpresent valuesin millionsof

dol I ars.

Table 5.3. California Energy Commission Tests (millions of dollars)

Participant Ratepaa_er Utilit_ Total Resource
o

ETS 46 38 -143 -28

WH -20 -65 -151 -24

CL 244 -169 134 -113

MCS 545 -427 -411 127

CVR 156 155 523 373
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Only one programs ('.VR, Is iound to benef'icial to c:_veryonounder i:l_c.,.CI<(:

tests, The CVRprogram pays lar!je dividends fro,l ali perst_ec'.tives, 13oLhCVR

and MCSare valuable from a total resource, or social, perspective, Inter-

estinglyt the net benefits oi; CVR are nearly triple the MCSbenefits. The

Total Resource Cost Test is the one that would typically be al)plied by a

public agency. The Participant Test is positive fo_, all the programs except

WH. Because the increases in marginal revenues are very large ($73 to $640

million), these results are likely to flow from the assurilption that addilional

• marginal revenues are eventually returned to the participants in the form of

reduced rates and that participants receive the incentive payments, l'he only

program that is not favorable to any group is the WHprogram.

5.4 CONCLUSION

In general the energy results were consistent with prior expectations.

l'here were no energy impacts in the ETS arid WHprograms. The MCS, CVR, and CL

programs sIlowed significant energy savings, with MCSsavings showing the most

seasonal ity. One of the striking results was that the WHprogram generated a

new, higher peak because of the program's payback late in the morning. EI S

used just as much energy as regular forced air_ however, its ability to shift

the load into the nighttime hours results in a consistent peak reduction.

Ali of the programs had sizable impacts on the costs and revenu,',.s of

Bonneville. The largest single program impact was from CVR. Because of the

broad efficiency improvements implied by (:he CVRprogram, considerable savings

occurred_ marginal revenue impacts of over $600 million were predicted for the

program. MCS, CL, and WHall hacl revenue impacts ranging from $150 to $200

million. Of the five programs, only MCSand CVR had positive CECTotal

' Resource Cost Test results. The rest of the programs, while saving energy

and/or peak cost, did not meet the Total Resource Cost Test. l he CVR program

• had nel benefits of $375 milliorl. The MCSprogram had net benefits of $127

million. Ali of the programs demonstrated the generating utilities ability to

reduce demand charges, lhe size oi these impacts were fairly small, generally

running in the $2 to $3 toillion range.
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6.0 SENSITIVITY ANALYSES

The resultspresentedin Chapter 5 are based on severalassumptions. Two

key assumptionsare the rate of load growth (mediumgrowth) and the efficiency

of each conservationmeasure (full technicalperformance). In this chapter,

the sensitivityof the overall resultsto these assumptionsare evaluatedby

" varying the rate ofgrowth and measure performance.

" 6.1 SENSITIVITYASSUMPTIONS

The sensitivityana|yses focusedon two cases of concernsto utility

planners: when load growth exceeds what has been predictedas likely and when

programsdo not functionto the level of the predictions. The first corre-

sponds to the high-growthload case in this set of sensitivityruns. Our

performancedegradationcase entails reducing the expected savingsassociated

with a program by 254. Assessingthe performanceof the programunder extreme

growth conditionshelps reveal the degree to which these programscan function

as insuranceagainstunforseenload growth. A programthat functionsespe-

cially wellunder high-loadgrowth has additionalvalue that is not measured

by the standardcost-benefitcalculus. In the same vein, a programthat is of

positive value even if it functionsbelow expectedperformanceis also a

better bet.

Only three of the five programs assessedin_the Base Case were examined:

CL, MCS, and CVR. Each performedreasonablywell in the Base Case. This

analysis assesseshow well the programs perform under less-than-predicted

conditions. WH and ETS were not examined becausethey have no energy savings

associatedwith them.

6.2 HIGH-GROWTHCASE CALIBRATION

" The high-growth case was calibrated in exactly the same way as the

medium-growth case (Base Case). Bonneville provided the 1989 high-growth

forecast in the same format as the medium forecast. Ali end uses were cali-

brated to match annual energy in at least 1989 and 2010, the beginning and

ending years of the SDSMsimulation. Sectors that did not have a specific
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demand-side program, such as the industrial sector, were modeled in a simple

enough way so that all Years could be calibrated to annual energy. As in the

medium-growth case, calibration was obtained by adjusting energy consumption

of existing and new equipment in the Base Case.

6.3 SENSITIVITY RESULTS

Our sensitivity results reflectchanges in either measure performance or

the rate of growth of the regions Jemand for electricity. Program parameters

are held constant across the Base Case and the sensitivities analyses. This " o

allows direct comparison of the results. In the high-growth scenario, the

model is applied to the Bonneville high-growth case. The other set of sensi-

tivity analyses are based on the medium-growth case, but With measu'_e perfor-

mance reduced by 254. The sources of data are the same as those for the Base

Case (described in Section 3.1). The following subsections report the energy,

peak and financial results of the model.

6.3.1 Peaking and Enerqy Results

Seasonal energy results are summarized in Table 6.1 for the Base Case

(medium-growth) and two sensitivity cases (measure performance and high-

growth). Sensitivity analysis was performed only on the CL, MCS, and CVR

programs. As expected, all three programs showed a decrease in savings for

the measure performance analysis, and an increase in savings for the high-

growth case. The MCS program in tile high-growth case shows a dramatic

increase in savings relative to the Base Case andto all other programs. In

the high-growth case, most of the increase in residential electricity con.-

sumption is due to new households, providing more potentiel MCS homes. MCS

energy savings for the medium-growth and high-growth cases are plotted in

Figure 6.1.(a) '

MCS energy savings show a very steep drop in the measure performance case

because of the way in which the 254 drop in measure performance was defined.

The 254 decrease in savings was measured relative to the average existing home

(a) All figures referred to in this chapter are shown at the end of the
chapter.
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TABLE6.1. Seasonal Energy Savings in 2010 (average megawatts)

Medium-Load
Growth Winter §pring Summer Fall

ETS 0 0 0 0

WH 0 0 0 0

CL 77 74 70 72

MCS 140 53 16 56

CVR 204 159 148 161
a

Measure
Performance

CL 59 57 53 55

MCS 47 18 5 19

CVR 153 120 111 121

High-Load
Growth

CL 81 78 73 75

MCS 422 161 48 169

CVR 278 216 200 219

in the Northwest. This brought MCSperformance down to where it was only

marginally better than current-practice homes. Therefore, savings from

residential MCSwere not much greater than in the Base Case.

Peak savings are displayed for all programs by season "in Table 6.2.

During the winter, peak savings are larger than the corresponding energy

savings for all programs and for all sensitivity cases. Peak savings are well

behaved in the winter and shoulder months, decreasing in the measure perfor-

mance sensitivity case, and increasing in the high-growth case. Peak savingsm

for MCShomes became very large in the high-growth case and are plotted in

Figure 6.2.
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TABLE6.2. Seasonal Peak Savings in 2010 (megawatts)

Medium-Load
Growth Winter Spring Summer Fall

ETS 234 160 0 175

WH 320 236 -384 73

CL 87 58 I01 98

MCS 285 179 8 225
A

CVR 281 235 201 243
m

Measure
Performance

CL 66 44 77 75

MCS 156 121 -11 131

CVR 211 177 150 183

High Load
Growth

CL 91 60 105 102 "

MCS 775 497 46 599

CVR 381 319 272 329
,

6.3.2 Economic Results

The same financial results as the Base Case are used in the sensitivity

analysis. The basis for the calculations is identical: direct comparison

between the Base Case and appropriate sensitivity results. Table 6.3 presents

theBonneville financial impacts.

Both measure performance and high growth are reported in the table. As

in the Base Case, CVRgenerates the most additional revenue and reduces

marginal costs the most. If expected MCSperformance is degraded to 75_ of

the performance currently expected, reductions in marginal costs fall

dramatically. Base results show an unconstrained marginal cost of $127

million; the present value of reduced measure performance costs is only $50
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TABLE6.3. Bonneville Financial Results (present
value in millions of dollars)

Measure Unconstrained T&D Constrained Marginal
Performance Marginal Costs Marginal Costs Revenue

CL 109 iii 129

MCS 50 40 76
g

CVR 398 396 482

High-Load
Growth

CL 219 207 173

MCS 561 ' 558 541

CVR 813 789 681
i

million, a reduction in benefits of over 604. In contrast, CVR reductions in

marginal cost are only 254, from $530 to $398 million.

CL falls about 30_ if measure performance is reduced. The transmission

and distribution constrained costs behave very similarly. Marginal revenue

calculations also show the non-linear effects of different program perfor-

mance. MCS reductions in marginal revenue from the Base Case is also about

604. CVR is about 254 as weil. In the context of reduced Bonneville costs or

increased revenues, benefits from the CVRprogram are less vulnerable to over-

optimistic technical assumptions than are the MCSbenefits.

High-loadgrowth is another scenario of considerable interest. These

results reinforce the interpretation of MCSas a program with benefits that

vary considerably with the baseline assumptions. The marginal cost reduction

under the unconstrained scenario for MCSis nearly 450_ greater than under the

medium-growth case. Revenue under the high-growth case has a dramatic effect

for MCSas weil, with an increase of about 3004 over the Base Case. CVR and

CL also gain value under a high load growth scenario. High-growth CVR and CL

cost reductions are around 1504 of the Base-Case change in cost. In very

sharp contrast CVR increases 6_ and CL only 2_.
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Table 6.4 Shows the relative 'impact on tile retail utilities of the

programs if performance is degraded or if a high,growth scenario is realized.

The basic effects on the retail utilities is very similar to the medium growth

Base Case. The scale of the numbers is very close Under either scenario or

the Base Case. The relative impact of the programs on the generators or non-

generators is relatively invariant to measure performance or high-load growth.

The final sensitivity analysis looked at the CECtest calculations,

shown in Table 6.5. The CL program d_d not meet the Total Resource Cost Test

under either sensitivity case. MCSand CVRmet the Total Resource Cost TesL

under both scenarios. Under degraded measure performance, the benefits are

about one-third that of the Base Case for both the MCSand CVR.

High-load growth scenarios show considerable programmatic benefits. For

MCSthe Total Resource Cost Test indicates net benefits of over one-half

billion dollars. For CVRthe benefits are over three-quarters of a billion

dollars. A distinction between the programs can be seen in the Utility Test.

Because the utility (in this case Bonneville) is paying the incentives (along

with ratepayers), they show a net loss on their balance sheet. If the

incentives reflected social gains more evenly, these costs would more than

TABLE6.4. Retail Utility Impacts (millions of dollars)

Measure Energy Charge DemandCharge
Performance Generator Non-Generator Generator Non-Generator

CL -0.6 -1.7 -0.2 -0.5

MCS -0.I -0.4 -0.2 -0.5

CVR -5.1 -5.8 -2.8 -14.1

Hi gh-Load
Growth

CL -0.8 -2.3 -0.3 -0.7 '

_ICS -1.5 -4.1 -1.3 -2.8

CVR -2.6 -7.3 -1.5 -2.6

r
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.lj_A.[}lJ:i_.§.._i, California E,ergy Commissiou Te,sts (toillions of dollars)

Measure

Performance Participant Rai:ep__aye__r ,U._tili_____tz Total Resource

CL 233 -180 98 -137

MCS 513 -458 -463 46

CVR 117 117 392 281
i

, lligh-Load
Growth

CL 245 -305 -202 -54

MCS 873 -902 -314 56]

CVR -87 -87 876 81].

offset the reductions in cost accruing to MCS. CVR, on the other hand,

involves no incentives and so the cost accruing to the utility is smaller than

MCS.

6.3 CONCLLISION

The most striking energy result is the increase irl savings, in both peak

and energy, due to residential MCS in the high-growth case.' , . , '

These savings show the importance of the residential sector to the regional

high-growth scenario. Other energy results were fairly predictable. The

energy savings from CVR roughly follows the pattern of regional system load
-,

growth.

The financial results provide additional insights. CL is fairly con-

stant uoder all scenarios examined. CVR programs are also quite steady. The

system changes and their value are nearly proportional to. measure performance

and load growth. On the other hand, MCS varies widely in the financial anal-

ysis. The net benefits grow quickly as the regional load growth increases.

Both CVR and MCS l_ave positive CEC Total Resource Cost Test results, meaning

that they are worth more than their cost under either scenario (as well as

under the Base Case). The result that CVR and MCS are programs with net

positive benefits is robust to the scenarios in this study.
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7.0 CONCLUSIONS

!

Tile public power system in the Pacii"Ic Northwest is relatively unique.

The load-following abilities of the hydroelectric goneration provide an

unusual backdrop for an hourly analysis of DSMprograms. The SDSMnlodel oi'

the Northwest's public power system is programnled to reflect these
4

ci rcunlstances.

This model was developed to enhailce Bonneville's ability to analyze the

value and impacts of demand-side programs. Despite the hydroelectric system,

Bonneville faces the same load-shaping issues as other utilities. Among these

issues are valley filling, peak shaving, and night time return. Hourly models

of system .demand are well suited to address the impacts of demand-side

programs on load-shaping problems.

The SDSMmodel also fits within the framework of other Bonneville models.

The forecasts built into the model are consistent with the Bonneville energy

forecast. As a result, the annual energy outputs of the SDSMmodel is

comparable with other Bonneville models. The unique aspect of the model is

its ability to disaggregate the effects of programs by month and by hour.

This attribute of the model lets it use monthly marginal cost and monthly

marginal revenue numbers in its economic calculations. As a result, the

seasonal, peak, and energy effects of programs can be isolated from one
another.

Developing data to support an hourly analysis of any power system is

pr'oblematic. Balancing detail and aggregation is as much an art as it is a

science. An hourly energy analysis requires precise information about

sectoral energy consumption. At the same time the sectors must be aggregated

to a high enough level to be analytically tractable. Finally, hourly level

data are expensive to obtain and process, l hese constraints put considerable

demands on Bonneville and the modelers. The data are of higher resoluLion

than annual models of consumption. The higher level resolution makes the data

development more di lficult.

Data development sllould take into account the sectors that are targets of

DSMprograms. These sectors require special care to ensure that the I)SM

7.1
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i)ro!lram:_ c:arl ht; carefully ¢_xamlnc:_clwithin the.,, t'ramc_work of t;hc: mcJctc;1, C)L:her

sectors are siml)ly placeholders to erlsure that the model t:_roperly accounts for

tile total system load. Ii" no industrial sector I)SMprogram is anticipateclt

there is rio need to develop a detailed hourly profile of different parts of

tile industrial sector', A total industrial contribution to system load may be

sufficient, The arlalytic resources saved are best spent developing sectors

that are potential candidates for DSMprogranls.

Program clesign is a key 'Issue. The design of any [)articular program is

nearly always hypothetical. Irl rare circunlstances the progranl is one that has

already been'inlplemented and therefore well understood, l'hree key components

affect tile perceived effectiveness of a program. One is the penetration

sclledule. With few exceptions, the faster the program is predicted to be

adopted, the better and more effective 'the program will be predicted to be,

The second key aspect is the technical performance of tile measure.. Engln-

eering calculations can pr'ovide a good estimate of the impact of tile program.

However, inaccurate predictions of measure performance can h_ve a "large impact

on preclicted measure performance. Finally, the expected rate of growth of the

system can play an important role. If the measure addresses a sector of tile

system that is expected to be growing at a rapid rate, the measure can be

esf)eci ally effective,

Tile economic calculations provided by the model provide two perspectives.

One may be characterized as the "Bonneville as a utility" perspective. The

other perspective considers Bonneville's broader interregional role.

The CECtests capture 't;he former perspective. The CECtests provide tile

results of progranls when Bonneville is treated a conventional thermally based

utility. Using these results allows the programs to be put into perspective

with how the programs would be valued if they were a run by a private utiliI:y.

However, as resuIt of this they need to be interpreted wil.h care. For

exaIllple, public utility commissions are generally reluctant to allow program-

matic benefits to accrue to non-ratepayers. The CECresulLs reflect Lhese

distributional biases, The closest CEC test to a conventional Bonneville

analysis is probably the Total Resource lest. This test measures Lhe value oi

the program to society (ignoring environnlental cosi:s). For most programs the
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C:I!;Ctests are indlcativc_; [.tlc:y rloed to be-:,,part c_-tarl c_vc,,rall ev(_ll_al;lc_vlc3f 1,1_

program,

The sf._condI)erspect'lve of the model on the progralvv Is C(_lJg;urc_,dby tt1_

cost and revenue calculations, These calculations exl_'licit'ly irlcorpor_ite

Bonneville's importa_it interregienal role, The changes in marginal costs

incorporate the diurnal and monthly differentials in cost, l'he marginal

revenue calculations include the opportunity to sell excess f;irm power outside

of traditional Priority Firm avenues, Other opportunities include sales i:o

private utilities, sales to the southwest, and sales to California,
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APPLNDIXB

PENETRATIONSCHEDULESFORFIVE SYSTEMDEMAND-SIDEMANAGEMENTPROGRAMS

Table B.iprovides the program penetration schedules used in the each of

the program analyses described in this report. Two schedules are reported for

each program except Model Conservation Standards (MCS). The first, Retro, is

the penetration of the program in the retrofit market. The second, New, is

the penetration of the program in the new market. Because MCSis a code for

new houses, only the new market penetration is reported. There are no
retrofit MCShouses.

TABLEB.I. Program Penetration Schedules

ETS WH CL MCS CVR
Retro New Retro New Retro New New Ali

1990 .005 .005 .007 .007 .086 .086 .40 .I0
1991 .01 .01 .014 .014 .171 .171 .65 .20
1992 .02 .02 .021 .021 .257 .257 .85 .30
1993 .03 .03 .028 .028 .343 .343 .85 .40
1994 .04 .04 .035 °035 .429 .429 .85 .50
1995 .05 ,05 .042 .042 .514 .514 ,85 60
1996 .06 .06 .049 .049 .600 .600 .85 .70
1997 .06 .07 .056 .056 ,600 .600 ,85 .80
1998 .06 .08 .063 .063 .600 .600 .85 1.00
1999 .06 .09 .070 .070 .600 .600 .85 1.00
2000 .06 .10 .077 .077 .600 .600 .85 1.00
2001 .06 .10 .085 .085 .600 .600 .85 1.00
2002 .06 .i0 .085 .085 .600 .600 .85 1.00
2003 .06 .10 .085 .085 .600 .600 .85 1.00
2004 .06 .10 .085 .085 .600 .600 .85 1.00
2005 .06 .10 .085 .085 600 .600 .85 1.00
2006 .06 .I0 .085 .085 .600 .600 .85 1.00
2007 .06 .10 .085 .085 .600 .600 .85 ].00
2008 .06 .10 .085 .085 .600 .600 .85 1.00
2009 .06 .10 ,085 .085 .600 .600 .85 ].00
2010 .06 ,10 .085 .085 .600 .600 .85 1.00

B.I
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APPENDIX C

PEAK REDUCTIONPOTENTIAL FOR CONSERVATIONVOLTAGE REDUCTION

IN THE BONNEVILLE SERVICE AREA

In 1987, Pacific Northwest Laboratory (PNL) estimated the energy savings

resulting from a hypothetical application of conservation voltage reduction

(CVR) to all distribution systems in the Bonneville service area. This work,

reported in Assessment of Conservation Voltage Reduction Applicable in the BPA

§ervice Region (De Steese 1987), is the basis of the present analYsis to

estimate the regional effect of using CVR as a peak reduction measure.

C.I COMPLEXITY OF CVR ASSESSMENT

The biggest problem to be addressed in assessing CVR value is that

essentially each feeder on each system is amenable to a different and locally

constrained level of CVR implementation. Constraints include the feeder

length_ load density and consumer sectors served, De Steese (1987) defined

some 27 CVR implementation measures and assigned a cost to accommodate the

variability of these conditions in the Northwest. These measures are listed

in Table C.I together with the average voltage reduction achievable, cost per

circuit, and the percentage of circuits amenable to the application of each

CVR measure.

C.2 ESTIMATING METHODOLOGY

Energy savings estimates, developed in De Steese's (1987) conservation

study, were based on a number of statistically derived estimates, including

the number of feeders in a length class, the percentage of feeders in each

class that require a given measure to apply CVR, and the average voltage

reduction achieved. Account was taken of the load distribution by consumer

class in each feeder category. The resulting energy conservation was

estimated by considering the average effectiveness of CVR in reducing the

energy demand of each consumer class.
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C.3 AVERAGEVOLTAGEREDUCTION

Tile foregoing work provides a reasonable basis for the System Demand-

Side Management (SDSM) analysis. First, the conservation analysis provides a

basis for estimating the average voltage reduction achievable with a regional

CVR program. CVRproduces an energy and demand reduction effect that can be

scaled from the average voltage reduction achieved (most literature on the

" subject expresses the effect in units of percentage energy or demand reduction
J

per percentage of voltage reduction)
Q

In De Steese (1987), energy savings for a region-wide application of a

fixed 2.54 voltage reduction were computed to illustrate the relative end-use

energy savings by consumer class. By scaling from the resources, 151 to 233

average megawatts (AMW), estimated for this fixed CVR percentage to the

resources, 170 to 268 AMW, i!Idicated by the supply curve synthesized from CVR

effects in each feeder class, it may be concluded that an average region-wide

voltage reduction of 2.858 produces the economic conservation resource. This

is defined as the resource achievable at a cost of up to 5 cents/kWh according

to criteria established by the Northwest Power Planning Council. In the SDSM

analysis, the assumption is made that the cost of CVRmeasures that produce

conservation costing more than 5 cents/kWh would not be included in a CVR

program directed at peak reduction.

C.4 DEMANDREDUCTIONPERUNIT VOLTAGEREDUCTION

While the literature describes CVR effects on individual appliances in

extensive detail, only a few data available relate CVRvalue to the load

shapes under consideration in the SDSManalysis. Many references to CVR

experience show conflicting results and reach different conclusions about the

" effectiveness of CVR. In this analysis, a high degree of reliance is placed

on the work of Kirshner and Giorsetto (1984), who performed regression

" analysis on results of eight CVRfield tests. Their conclusions that each ]I_

reduction in voltage produces an average energy savings of 0.764, 0.994 and

0.414 in the residential, commercial and industrial class loads, respectively,

are the basis for estimating CVReffects on load shapes in the SDSManalysis.

C,2 4



I'ABI.E C.I. CVR Iml)lementation Costs: Distril)ution

Circuits Less Than Three Miles in l.ength:

Voltage
_n Circuits (4) Reduction (4) C_oost/Circuit

Reregulation 54 12'.7 5.7 $150
Lower and LDC ,,

Reregulation 14.0 5.0 $150
5-_ Lower

LDC 31.3 2.4 $150

Reregulation 17.6 1.2 $150
1.2_ Lower

Balance Feeders, 0.8 5.7 $390
[.DC, and 54 Reduction

Balance Feeders 0.7 5.0 $390
and 54 Reduction

Balance Feeders 1.g 2.4 $390
and LDC

Balance Feeders i.I 1.2 $390
and 1.2_ Reduction

Capacitor Addition 9.0 2.5 $24,800

Regulator Addition 8.0 3.2 $8,010

Capacitors and 2.9 3.2 $32,000
Regulators

Circuits from 3 to 12 Miles in Length:

Voltage
OPtion Circuits (_) Reduction (4)_ Cost/Circuit

Reregu I at i on 8.0 2.0 $150

Regulator Addition 14.1 2.0 $8,010

Regulator and Capa- 11.1 2.0 $27,800
citor Addition
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TAIBLEC.1. (('a,_t_... CVR Iml_lementation Costs:

Circuits from 3 to 12 Mt'les in Lencjth (contd):

Capacitor Addttton 13.1 2.0 $47,600

Reinsul ate 3.2 2.0 $106,000

Recanductor 5.0 2.0 $324,000

Combination 12.7 2.4 $126,000

Reregulation and LDC 4.0 4.4 $150

Regulator Addition, 6.g 4.4 $8,010
Reduction

Regulator and Capa- 5.4 4.4 $27.800
citor Addition

Capacitor Addition 6°4 4.4 $47,800

Reinsulation 1.6 4.4 $106,000

Reconductor 2.4 4.4 $324,000

Combinat i on 6.3 4.6 $126,000

Circuits Greater than 12 Miles in Length;

Vol ta_meODtion Circuits Reduction (>__)_ Cost/Circuit

Reinsulate 43.5 2.5 $486,000

Combinat i on ' 56.5 2.5 $703,000

- Several reports suggest that CVR is more effective in reducing peak load

than in producing energy savings. However, Kirshner and Giorsetto (1984)

• claim that both effects, on average, are similar. The percentage load

reductions indicated in Table C.2 are based on values for energy conservation.

If circumstances permit load reduction to exceed energy conservation, the peak

load reductions estimated in this analysis will therefore tend to be

conservative (i.e., underestimate tile peak reduction value of CVR).

(]. 4



c,,;i c__vi3j;J-j:'j___c_l.-oltlI..t]6.12_s_!!_APj::_s,

Table C.2 shows the effect of CVRon the r.lomandof several end-use

loads. The demand reduction for each loacl type is es'titllated by multil,_lying

the response to voltage reduction (4 demand reduction/_ average voltage

reduction) by 2.85, the average voltage reduction achievable, as clescrlbecl
above.

TABLE C.2, Percentage Effect on Hourly Load Shapes
for 2.85>0Average CVRApplication

End-Use Load CVRHourly DemandReduction .('>,,.).

Space Heating O(a) 5.6(b)

Cooking 5.6

Incandescent Lights 5.6

Fluorescent Lights 4.3

High-l_ressure l.amps 5.6

Motor-Operated Equipment 2.8

Distribution Line Loss 0.3

Average Residential Sector Energy 2.2

Average Commercial Sector Energy 2.8

Average Industrial Sector Energy 1,2

Average Agricultural Sector Energy (c)

I_I In period of nonextreme weather with thermostat control < i hour.In periods of extremely cold weather with thermostat cycles
> i hour.

(c) Literature lumps Agriculture with Industrial Sector. The
percentage could be considered to range between 1.2_ for the
Industrial Sector and 2.8_ for Motor-operated Equipment.

The values of the CVR demand reduction shown in Table C.2 modify the

baseload shapes considered in the SDSManalysis by the indicated fixed

percentage reduction throughout the day. CVRgenerally requires no payback,

with the exception of thermostatically controlled resistive 'loads that deliver

a constant amount of energy to a process.

C,5



Wit.tl CVR, the demand oi' suc'h loads 'Is rc_c.iuc,cd"._ but_ i:.lley stay c_rl Ic_ncjc:r.iv1

each cyc'le. rh_, CVReffect on the _pace heating load shapc_i_hc_refore stlould

i_e distinguishc:,d according to sev_rity of the weather, C)nan average clay0

when space heattng might cycle on and off at a frequency less i:han 1 hour, t_hc,

effect of CVRon tile load shape is negligible because the hourly load shape

essentially shows a denland basecl on average energy consumed each hour. Even

. if the floating cycle is a few percentages longer because of CVR, tllu hourly

' demand will not change as long as cycling occurs at less than an hourly

• frequency, llowever_ in extremely cold weather conditions, space heating

systems can operate continuously in a effort to keep up with energy lost to

tile ambient. In this case, the effect of CVR in reducing tile demand of tlle

end use would be irldicated by a reduction in the hourly load shape.

In Table C.2, the regressions of Kirshner and Giorsetto (1984) included

the effect of CVRon agricultural loads as part of the industrial sector, lhe

PNL.conservation study (De Steese 1987) estimated a very small conservat:ion

resource (5 AMW)from applying CVRto agriculture. However, in the SDSM

analysis of agricultural load shapes, the peak reduction effect of CVRcan be

estimated by applying load-shape reductions ranging from 1.2_ to 2.8_. This

corresporlds, at, one extreme, to assigning the conservative industrial average

effect to agriculture. At the other end oi; the range, agriculture could be

considered to achieve the effect of a primarily motor-operated system.

C.6 COSTBASIS AND PENETRATIONRATEOF A REGION-WIDECVR PROGRAM

The supply curves generated by the PNl. conservation study were based on

the esi:imated costs of 27 CVRmeasures applied to appropria'_.e feeder classes

in the region, l'he capital cost, energy savings and cost/kWh are shown in
D,

Table C.3 for each measure considered. The bounds oi' the energy savings

columns reflect the range of different levels of CVReffectiveness as a
t

conservaI:ion resource.

I;_olIi lable C.3, the total cost for CVRmeasures producing energy savirlgs

l_I) i:o 5 cents/kWil ranges from $18] milliorl ('lower bound) to $].98 million

(upper bound). It is reasonable to assume that any implemenl;ation oi such a
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'I'.@J.!.:j.._.C_,;!.,' Cost, En_rgy Savings and R[_sourcoValuo of 27 (:VI{
MeasuresApplicable in the l]o,novi'lleSorvicoArea

l'relmrLIoll
I*rolmrLlo. oi'I.I.,_ l_,_at_fS.vl._I'_(AU'*) Co_L (_/k1_h)
oi'I.L,I I, l!_ch {.o.nr IriL_ir-, Upper L,o._r Inl,_r- Upper

,._.[JILL12_tl...... /:, I ']._s._ __ !.(_ ,IIE!!ft_ ........ Co_..L....(I..,) Ilotmd ._d I ,,Lel l,lou, d llca, ld m_dl • Lo II_tmd

l fl,G_l 11,121 .9!i_lSi 2L,FI 20,3 _,"t 4 I1 I1021h'1 fl,Oll_lL tt 1101012
2 O,l_d II,141I II1fJeS{13 21,_ ,37,9 41 9 ff IIO'L?T II,ONIIII1 i_ IIIII40Q
3 O,l;(I P,313 2311tf_Og ,?G,_ 31,11 .,19Ii I! li(Iii;iii O,Ill143L II 00;140;1
4 p,l;tl 11,118 1.12_70fl T,L . 'd,l li I fl Illflll_ I1,flflOli3 6 iI_(lllO(] •
fi li,GO fl,Oil(I 111_811.4 1,8 l,g 2 4 fl i'lOti(14 fl,IIII_,(IG I1 003013
CI O,Gfl P,gFI1 1',.t_7_,'1 1,2 1'5 1 /i ff fill[irl+ fl,IIIIMIL {I 1104341 ,,
7 fl,[,O 0,1119 31,249 1,8 l,g ? 4 111113VII ft,flit2.2 11fi_91151_
II II,I.]f] t1,r_ll ?l,li_lO II,G 0,_ e 7 tj fl;qllG e,li?2lg 11010112
9 fl,li_'l 0,090 Jl,?lg_Ol4 7,T 9,1; 11 0 I_ _f,Jli[I tl,(IfI81ll_ _f 5G2(]130 e

10 6,1;{I II,llllO 3,?'12, _0 0,8 lP,8 13 3 II 211110 fl,11(]44 II 14134g
II ft,fill I10?_,l 4_?fll 954 3 ! ,'1,9 4 0 O,n'_OrHl I1,77773 O _IOG3I
17. Il,n9 fl,neio 41 749 3 8 4,T (, o e,f_oql4n e,enlilO I_ 90,110o
13 11,39 ft,lilt 21 004 18(] 0 ?, 7,T g 5 7 flt_?($l I 03014 i 37.00_,I]
14 0,3g tl,l,II 3 9al 218 0 8 0,3 11_,3 I_,a_lilifl II 215110 9.2233li,_
Iri O,;Ig O,Ill 1117(,3 t/la 5 2 8,G 0,1 1,21101i7 0 Ut_[I,'ll_ 11,1701ri5
Irl 0,3 tJ 0,1_3_ 11 ,31831i3 1 G 1,9 2,3 t_,lOl?O 5 31178tl 4,,"1349_8
1/ tl,3_,1 0 OliO ,31 _11 lift 2 4 2,9 3,0 7,7{11_/_I 0 1_481 G,OLO004
III 0,3".] !_ 1_I Gll 1_17 371 7 2 O 9 lI,l 4,.51Chll l:1_(112 7,gTlif]llQ
lt,} fl 2!_ II ll,qO 20 815 4 2 G 1 I_,q t'l,_il_!_l f1,00739 9,110i900

711 0 39 P 11(_4 lO_8:I_ 085 {_ I 0 I 1rf,? P,V200fl ff,103ll 9,tlfl4llG4
?l P 3g fl II(Ig 1,973 818 'I 2 O I) li t_ O,l_il, lll ff,l_SOl (I,lfllGl4
77 fl 39 P PF,4 G_231,_33 G fS _ g fl,l_ fl,b4173 t,q4t, O3 _,_E,214L
_'3 0 3tj II r_lfl fl,gl_fl 191 I I 2 !1 2,8 3,g?3P, Ii , 2,,lIIl;lO l,_/g_4_
_4 fl 39 [1 0?4 15_f1?t/,(_SO 7 5 3 6 3,8 3,49tl4[i 2,_1{_0I 2,2000llfl
25 113t_ 0 003 21,_4_ flfill (I,9 8 3 lO,G 2,3q4L;8 l,P3lfifl l,li20G92
7(i pOli p 4[,3 94o9'q9_ln 3,3 4 I 5,1 10,1340 13,44q_ 10,03_79
21 O OG O GOG 1111,310 2(32 4,3 5,3 t_,O 24,1UG[I 1_,441_1 15,01201

CVRprogram would likely take more than I year but possibly not more than I0

years to complete, For the purpose of the SDSManalysis, a lO-year CVR

implementation si;rategy would require to expenditure of $18 ,lillion to $20

ml Ilion per year.
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