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PREFACE

In accordance with the Energy Policy and Conservation Act, the Department of Energy
(DOE) has wide-ranging statutory authority to promote appliance and equipment energy efficiency.
Federal energy conservation standards set minimum levels or mandatory performance levels for
certain products according to statutorily required economic and technical criteria.

As part of DOE’ soverd| regulatory reform effort, the Department initiated a comprehensive
review of the gppliance energy efficiency rulemaking process. Throughout this process improvement,
DOE has solicited comments from stakeholders through a series of public meetings. A constant
“theme” has been the need for DOE to seek early stakeholder input into the rulemaking process,
including early review of technical and economic analyses.

This Technical Support Document (TSD) was produced for DOE’s Office of Energy
Efficiency and Renewable Energy by the Energy Andyss Program at the Lawrence Berkeley National
Laboratory. It isan extensively revised version of the Technical Support Document published in
November 1993, upon which DOE’ s Notice of Proposed Rulemaking (NOPR) on March 4, 1994 for
residential cooking equipment was based. Thisfina TSD relies heavily on data, much of it from
industry sources, supplied to DOE through comments made in response to the NOPR. An earlier
version of this TSD was issued as a draft report by the DOE in April 1996 for the purpose of
obtaining comments on the input data, methodology and results of the analyses. The General
Methodology volume of this earlier draft report pertained to room air conditioners in addition to
residential cooking equipment as DOE issued accompanying product specific volumes along with
the Generd Methodology volume. Volumes 1 & 2 pertain only to residential cooking products, and
they incorporates only minor revisions from the April 1996 draft report.

Volume 1 outlines the genera methodology used to analyze several aternative efficiency
levels for the residential cooking market in the United States. It contains the methodologies for
conducting engineering analyses and determining life-cycle costs, energy savings potential, energy
and economic impacts for resdential buildings, impacts on manufacturer profitability, environmental
impacts on air-borne emissions, and utility impacts for severa energy efficiency levels.

Volume 2 contains an analysis of the energy savings and economic impacts of reaching
differing energy efficiency levels on the U.S. residential cooking market. The final technical report
contains engineering analyses, residential cooking life-cycle costs, energy savings potential, energy
and economic impacts for resdential buildings, impacts on manufacturer profitability, environmental
impacts on air-borne emissions, and utility impacts for severa energy efficiency levels.

The Supplemental Analysis contains more current information concerning venting and
insulating non-self-cleaning ovens like self-cleaning ovens, and the penetration of gas cooking
products without pilot lights. Additionally, two more recent fuel price forecasts ( AEO (Annud
Energy Outlook) 97 and GRI (Gas Research Ingtitute) 97) have been employed in the revised
analysis. Supplemental Chapter 3 contains the revised projected national impacts of severa trid
standard levels. Supplemental Chapter 4 contains the revised life-cycle cost (LCC) and payback
period analyses. Supplemental Chapter 7 shows the impacts of onetrial standard level (level 3A).
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CHAPTER 1. INTRODUCTION

The Energy Policy and Consarvation Act (P.L. 94-163), asamended, establishes energy conservation
standards for 12 of the 13 types of consumer products specifically covered by the Act. The legidation
requiresthe Department of Energy (DOE) to consider new or amended sandards for these and other types of
products a specified times. DOE is currently andyzing dternative energy efficiency levels for kitchen
ranges and ovens (including microwave ovens). This Technica Support Document (TSD) presents the
methodol ogy, data, and results from the anadysis of the energy and economic impacts of the efficiency
levels.

The economic impact analysis is performed in four major areas:

. An Engineering Analysis, which establishes technica feasibility and product attributes,
including energy performance and costs of aternative design options, which improve
appliance efficiency.

. A Consumer Analysis, which forecasts appliance sales, efficiencies, energy use, and
consumer expenditures.

. A Manufacturer Analysis, which providesan estimate of manufacturers responsesto the
alternative efficiency levels. Ther responses are quantified by changes in severa
financia performance measures for a prototypical firm.

. Anlmpact Analysis, which provides an integrated framework for assessing the costs and
benefits of implementing new appliance efficiency levels. The Impact Analyssincludes:
1) an Industry Impact Analysis that shows the financid and competitive impacts on the
respective gppliance manufacturing industry; 2) aLife-Cycle Cost Analysisthat evaluates
the savingsin operating expense relative to an increase in purchase price for individua
consumers, 3) a Utility Analysis that measures the impacts of the altered
energy-consumption patterns on electric utilities; 4) a Cost-Benefit Analysis that
collects the results of all the analyses into the net benefits and costs from a national
perspective; and 5) an Environmental Assessment that presents the results of the
associated environmental impacts from arange of alternative efficiency levels.

The Engineering Analysis segregates product types into separate classes to which different
efficiency levels apply. For each appliance class, baseline units are chosen representing relatively
low-efficiency units currently being manufactured. The analysis identifies a series of design options
to improve energy efficiency and estimates the factory coststo produce them. Design options are added
individudly or in combination to the basdine unit to evaluate units that might be produced in response
to having new efficiency levels implemented. Factory costs are then marked up to consumer
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CHAPTER 2. DOCUMENT STRUCTURE

2.1 PURPOSE AND SCOPE

TheEnergy Policy and Conservation Act (P.L.94-163), asamended by the Nationd Appliance Energy
Consarvation Act of 1987 (P.L. 100-12) and by the Nationd Appliance Energy Consarvation Amendments of
1988 (P.L. 100-357), providesenergy conservation standardsfor 12 of the 13 typesof consumer products'
covered by the Act, and authori zesthe Secretary of Energy to prescribe amended or new energy standards
for each type (or class) of covered product.

The assessment of the aternative energy efficiency levels for kitchen ranges and ovens is
designed to evaluate their economic impacts according to the criteria in the Act. It includes an
engineering analysis of the cost and performance of design options to improve the efficiency of the
products; forecasts of the number and average efficiency of products sold, the amount of energy the
productswill consume, and their prices and operating expenses; adetermination of changein investment,
revenues, and costs to manufacturers of the products; a calculation of the costs and benefits to
consumers, electric utilities, and the nation as awhole; and an assessment of the environmental impacts
of the alternative efficiency levels.

2.2 STRUCTURE OF THE DOCUMENT

ThisTechnicd Support Document (TSD) consgtsof two volumes. Volume 1, Generd Methodology,
provides agenerd description of the analytic approach, including the structure of the major models.
Volume 2 is specific to kitchen ranges and ovens and contains the data, documentation, and results
specific to the analysis of kitchen ranges and ovens.

! The 13 products covered in the legislation are: 1) refrigerators, refrigerator-freezers, and freezers; 2) room air
conditioners; 3) central air conditioners and central air-conditioning heat pumps; 4) water heaters;, 5) furnaces;
6) dishwashers; 7) clothes washers; 8) clothes dryers; 9) direct heating equipment; 10) kitchen ranges and ovens; 11) pool
heaters; 12) television sets; and 13) fluorescent lamp ballasts.
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CHAPTER 3. ANALYTIC APPROACH

31 INTRODUCTION

The economic impeacts of dternative energy efficiency levels depend largely on the relationship
between the cost of a consumer product and its energy efficiency. The cost-efficiency rdationships are
determined for each product class based on engineering analyses. DOE has segregated product typesinto
classes to which different energy efficiency levels might apply. The product types and the number of
classes of ranges and ovens are shown in Table 3.1. Within each class, the energy-conserving designs are
ordered by cogt-€effectiveness; then combinations of energy-saving design optionsare used to generatethe
relationships that are inputs to the other analyses of the impacts of setting new energy efficiency levels
at various levels.

Identification of product classes, basdine units, design options, and maximum technologically
feasible efficiencies is based on information gathered from the trade associations, manufacturers,
discussons with researchers, a literature survey, and comments on the Advance Notice of Proposed
Ruemaking (ANOPR) and theNatice of Proposed Rulemeking (NOPR). Energy usedatahave been abtained from
AHAM (Assodaionof HomeA pplianceManufacturers), GAMA (GasApplianceManufecturersAssodiation), FTC
(Federa Trade Commission), manufacturers, and Ssmulation models. Sourcesof factory cost datainclude
manufacturers, suppliers, andthe ANOPR and NOPR comments. Thecost estimatesarecombined withthe
efficiency estimates to generate the cost-efficiency relationships.

The relationships between manufacturer costs and efficiency that are presented in this chapter
are used throughout the other parts of the andyss. The engineering analys's dso includes determination
of maintenance and ingtallation costs for each of the design options studied (see Chapter 1 of Volume 2
of thisTechnica Support Document). Themanufacturer analys susesmanufacturer coststo produceretail
prices. Retall prices, ingtdlation costs, and maintenance costs in conjunction with the corresponding
efficiencies are used in the forecasting models to forecast sales and efficiencies and to calculate life-
cycle costs and payback periods.

Table 3.1 Product Typesand Number of Product Classes

Product Type Number of Classes

Kitchen Ranges and Ovens 8
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CHAPTER 4. INDUSTRY PROFILE FOR LAWRENCE BERKELEY
NATIONAL LABORATORY MANUFACTURER IMPACT ANALYSIS

This section begins by examining housing starts and appliance saturation rates, with the primary
focus on annua unit shipments for each of the andyzed products. It then presents a brief description
of market shares followed by a discussion of mergers and acquisitions in these industries, and finaly a
comparison of consumer and producer price indices.

4.1 DEMAND
Units Shipped and Housing Starts

Oneof theprimary componentsdriving thedemand of most gppliancesishousing starts. Although
the changes in shipments of appliances are not entirely the result of changes in housing starts, housing
starts can be used to predict shipments of most appliancesfor two reasons. First, amost every new house
requires anew set of appliances, so fluctuations in housing starts cause fluctuations in shipments of
most common gppliances. (Infact, most of thefluctuationin shipmentsof products being anadyzed canbe
attributed to the fluctuations in housing starts.) Second, housing starts are a good indicator of the
strength of the economy asawhole. A hedthy new-housing market islikely to correspond to a healthy
economy, and a healthy economy encourages replacement and discretionary purchases of appliances.
Therefore, there is generaly a strong correlation between new-housing starts and appliance shipments.

Figures 4.1 and 4.2 * show annua shipments compared to housing starts for kitchen ranges and
ovens. Other factorssuch as age of the current stock of gppliances, purchase prices, fud costs, consumer
incomes, and climateconditionshavevarying degreesof importancein determining shipmentsof thevarious
products covered by the Nationa Appliance Energy Conservation Act of 1987 (NAECA). Further, some
appliances have strong demand in the replacement market or in the aftermarket, and thus would be less
correlatedwith new housing starts. Examplesof such aproduct would bemicrowaveovens. Someof these
factorsareusedbytheL awrenceBerkel ey National L aboratory-Res dential Energy Modd (LBNL-REM)in
predicting appliance shipments in the base and alternative efficiency level cases. The manufacturers
impact analysis usesthe LBNL-REM estimatesin its analysis of financia impacts on manufacturers.

Theexplosvegrowthinmicrowaveovensisdisplayedin Figure4.2. After adow period of growth
inthe late 1960s to early 1970s, the popularity of microwave ovens increased steeply in the 1980s,
probably dueto their greater convenience, improved technology, and lower prices. According to an
industry trade source, the saturation rate of microwave ovensrosefrom 1.2%in 1973to over 85%in 1993

1.

!Housing starts dataare from “Table No. 1202. New Privately-Owned Housing Units Started—Sel ected Characteristics:
1970-1993,” Satigtical Abgtract of the United States 1994, U.S. Department of Commerce, 1994, p. 730. Shipments data
for most products are from “ Statistical Review,” Appliance, April 1980, April 1990, and April 1993.
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CHAPTER 5. DEVELOPMENT OF BASE CASE FORECASTS

Andyzing impacts of federd dternative energy efficiency levels requires comparing projected
U.S. residentia energy consumption with and without the efficiency levels. The caseswithout efficiency
levelsare referred to as base case projections. These base case projections are compared to projections
of conditions that would be likely to prevail if alternative efficiency levels were enacted (see Volume
1, Chapter 3). The difference between the two projectionsis defined as the impact of implementing new
efficiency leves.

Projectionsare made for anumber of demographic, economic, and energy variables, induding energy
prices, household income, housing stock, housing starts, mix of house types (Sngle-family, multi-family,
mobile homes), building shell thermal characteristics, appliance purchases, equipment prices, unit energy
consumption, and aggregate residential energy consumption by fuel type.

5.1 ECONOMIC AND DEMOGRAPHIC DATA: RESIDENTIAL

TheLBNL-REM (describedin Appendix B) isused to derive projectionsof resdentia energy demand.
Theseprojectionsaredependent onassumptionsabout futureyears, incl uding occupi ed househol ds, number
of annua housing starts, disposable persona income, and energy prices. These data are described in
Tables 5.1 through 5.5. (Economic data specific to ranges and ovens, such as equipment price, initial
market shares, elagticitiesfor market shares, efficiency choices, and usage behaviors are described in
Appendix C of the product-specific discussion of ranges and ovens (Volume 2).)

5.1.1 Occupied Households
The number and type of occupied householdsfor the base year (1980) are from the 0.1% Public Use
MicroSample(PUMS) of the 1980 Decennid Census. Theoccupied householdsprojectionfrom1992t02010is

obtained from DOE/EIA's Annual Energy Outlook 1995. (1). Thestock of householdsisinterpolated in years
1981 to 1991.
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APPENDIX A. UNCERTAINTY ANALYSISFOR ENERGY EFFICIENCY

Many of theinputsto the cal culations of energy savingsfor each design option have some degree
of uncertainty associated with them. This uncertainty of the inputs affects the level of confidencein
the estimate of energy savingsfor design options. As design options are combined, the effects of the
uncertainty on the inputs are also combined, so that the uncertainty in the energy savings becomes larger
and larger.

In order to understand the effects that the uncertainty of input values had on the calculation of
energy savings, arisk-anaysis program (1) was used to quantify the uncertainty. Therisk-analysis
program (See Figure A.1.) was an add-in to the spreadsheets used to generate the cost/efficiency tables
shown in this Technica Support Document. It alowed the inputs to the cal culations to be specified by
an assumed digtribution of vaues with associated probabilities. After the probabilities were specified,
the energy-savings spreadsheet was recal culated severd hundred times, randomly choosing avaue from
each digtribution. The selection was done in such away that the distribution of input values chosen
matched the probabilities specified in the input distribution.

The basdline was assumed to be exact for purposes of this study, therefore no distribution was
gppliedto any of theinputson the basdinemodds. Theuncertainty of theinputsfor combined or stacked
design options included (i.e., were applied on top of) the uncertainties of previous design options.
Often different design options affected different parts of the energy consumption calculations. An
example of thiswould be gpplying heat traps to a gas-fired storage water heater and then applying a
submerged combustion chamber. Thehest trapsreducethestandby |oss, whilethe submerged combustion
chamber increasestherecovery efficiency. Inthese cases, the uncertainties from previous design options
were used in the calculations, even though that part of the calculation was not being changed by the
current design option.

The results of the uncertainty analysis were reported only for the maximum technologically
feasible design options. These results include the uncertainties of all the design options that were
gpplied beforethe maximum technologicaly feasble desgn option. The upper and lower vauesreported
for the uncertainty of the efficiency indicator span the middle 95% of all values resulting from the
uncertainty analysis.

For roomair conditioners, themethodwasmodified dightly toaccommodatetheuseof asmulation
modd. Aninput filetothesmulation mode was constructed for the basdine and each design option. The
datain the input files specified the properties and operating conditions of aroom air conditioner. The
risk-analyssprogram was used to generate severa hundred smulation modd input files. Thedigtribution
of valuesin the input files that were used to specify changes from the baseline by the design options
reflected the probability distribution entered into the risk-analysis program. The combined results of
all the ssimulation runs thus reflected the impact of uncertainty on the inputs.

Most of theinput val ueswere assumed to have anormal distribution, with the selected value being
the mean of the distribution. The standard deviation of the distribution was then specified as the
difference between the largest and/or the smallest values considered possible and the mean. The
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APPENDIX B. FORECASTING MODELS

B.1 LBNL RESIDENTIAL ENERGY MODEL
B.1.1 Overview

The LBNL Residential Energy Model (LBNL-REM) provides projections of the important
characterigtics of the resdentia appliance market. The LBNL-REM utilizes a database of significant
determinants of the current residential gppliance market, as well as parameters characterizing market
decisonsthat will affect the energy consumption of futureappliances. Thisappendix describesthe LBNL-
REM, the types of data it uses, the calculations it performs, and the results the LBNL-REM provides.

The LBNL-REM projects numbers of households by house type, energy-related building shell
characterigtics, average energy efficiency of gppliances, fraction of households owning each appliance,
usage behavior, and turnover of appliances. These characteristics are projected for each year from 1980
to 2030.

TheLBNL-REM comhinesthesefactorsto project energy consumption and expenditures by fud type
for each end use, and monetary expendituresfor equipment (both replacement and new ingtalations) and
for fuels. The results are reported in several formats, for convenience, including: annual energy
consumption and expenditures, annud equipment shipments, cumulativeenergy consumption and expenditures
over aperiod (e.g., from policy implementation date to the end of the projection period), and net present
values of equipment and energy expenditures, discounted and summed over time.

The basic equation in the smulation mode that definesresidentia use of fuel | for end use k in
housing type m during year tis:

km ikm ik
- U

Q"= stokc,™- ¢/*"- EU, My (B.1)

where STOKC isthe stock of occupied housing units, C isthe saturation (percent of households with this
equipment), EU isthe unit energy consumption, U is the usage behavior factor, and Tl is the thermal
integrity factor (for space conditioning only).

Househol dsrespond to changesin operating expensesinthreedifferent ways. Intheshort run(see
B.1.6, "UsageBehavior"), they changetheway they operateexisting equipment and structures(e.g., lower
winter thermogdtat settings). In the long run, they aso change equipment by switching from one fuel to
another (see B.1.5, "Market Shares'), by improving the efficiency of their equipment (e.g., purchasing
awater heater with more jacket insulation (see B.1.4, "Equipment Efficiency”), or both. Thus, the
elasticity of demand for a particular fuel with respect to the price of that fuel can be separated into
three elements—a usage elasticity (E,), atechnical efficiency elasticity (E,), and an equipment/fuel
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APPENDIX C. LAWRENCE BERKELEY NATIONAL LABORATORY -
MANUFACTURER ANALYSISMODEL

C.l1 OVERVIEW OF THE LAWRENCE BERKELEY NATIONAL LABORATORY -
MANUFACTURER ANALYSISMODEL

C.1.1 Purpose

The Lawrence Berkeley Nationa Laboratory Manufacturer Analysis Model (LBNL-MAM)
collects into one spreadsheet all the calculations necessary to determine the impact of a change in
appliance efficiency levels on an industry's profitability and scale of operation. The spreadsheet
design makes it possible to quickly analyze the effects of uncertainties in input values and to
efficently incorporate new datainto the calculations. The model has a control panel, which makes
the andysis of uncertainty particularly straightforward for nine of the model's crucia inputs. Through
this pandl, the model providesthe user not only with the best estimates of financia impacts, but also
with the uncertainty of these estimates and a sengitivity analysis attributing that uncertainty to certain
input variables.

C.1.2 The Economic Approach

The impact of implementing new efficiency levels on manufacturers depend on the interaction
of four factors: 1) the costs imposed by the change in implementing new efficiency levels, 2) the price
elasticity of asingle typica firm, 3) the industry's price elasticity of demand, and 4) the consumer
market discount rate for energy savings for a product (which are used to obtain industry operating
cost eladticity). The LBNL-MAM integrates and analyzes these four factors as they apply to asingle
typical firm.

A change in imposed efficiency levels will generally create three types of costs for a firm.
First, variable costs of goods sold (VCGS) will be affected by new parts and labor requirements.
Second, some engineering will be required to design, test, and plan the manufacturing of new
products. And third, new products often require re-tooling and new equipment (capital) costs. The
incorporation of VCGS is straightforward, but engineering and capital costs must be amortized to
be converted from one-time costs to annual costs for a typical-year model.

Markups from manufacturing costs to ex-factory prices depend on the single-firm price
eadticity. Becauseitisdifficult to find data on single-firm price elasticities, the LBNL-MAM infers
them from the firm's fixed costs and return on equity (ROE). The markup is over variable cost and
not fixed; hence it must be greater than one if afirm with fixed costsisto recover its fixed costs and
turn a profit.

The industry has two dadticities of interest: its price elasticity and its operating cost elasticity.
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APPENDIX D. MAINTENANCE COSTSFOR INTERMITTENT
IGNITION DEVICESIN GASRANGES AND OVENS

This appendix describes the andlys's used to characterize the maintenance costs for intermittent
ignition devices (11Ds) for gas cooktops and ovens.

D.1 ANALYSISAPPROACH

Maintenance costs have been characterized for this analysis as an annual incremental cost,
referred to here as the annualized maintenance cost, MC,, to be added to the annual fudl cost for the gas
cooktop or oven. Inorder to derive M C,, the present value of the maintenance cost, MC,,, isfirst derived.
Thevaueof MC,, isbased on an assumed probability distribution of mai ntenance costs over the appliance
lifetime. Given the present value MC,, , the annualized maintenance cost is calculated using the so-caled
capital recovery factor, CRF, asMC, = CRF - MC,, . The capital recovery factor is calculated as

d

CRF - — °©
1-@Q+d™"

Nationa Appliance Energy Conservation Act (NAECA), Public Law 100-12, March 17, 1987. wherenisthe
appliance lifetime, and d is the discount rate.

D.2 GENERAL DESCRIPTION OF INTERMITTENT IGNITION DEVICES (11Ds)

The cost analysis here was generated specifically for two types of pilotlessignition systems;
direct spark and spark-to-pilot 11Ds. 11Ds are common to gas-fired furnaces, water heaters, direct
heating equipment, clothesdryers, and cooktops. With regard to ovens, most use eectric glo-bar ignition
gsystems rather than 11Ds. Although dectric glo-bar ignition devices are atype of hot surface ignition
(HSI) device, ther control systems differ consderably from those used by typica HSl devices. Electric
glo-bar ignition systems are designed to draw electrical power for aslong as the burner remainsin
operation whiledmost al other HSI systems draw power only to light the burner. Although the glo-bar's
control system uses a consderable amount of electrical energy, it isarelatively simple design which,
unlike most 11Ds and HSI systems, does not require the use of ectronics. Therefore, the maintenance
costs for gas ovens using eectric glo-bar ignition devices are not treated in this Appendix. The cost
andyss generated here is not directly applicable to typical HSI devices either. The main difference
between HSI and 11D devicesis the actual ignitor element itself; control modules, gas valves, and
ignition sensors appear to be similar in function and maintenance across al systems. Therefore, the
assumptionismade herethat HSl and spark ignitors have the same maintenance costs. While HSl ignitor
breakage rates were probably substantially higher than spark ignitor failure rates in the recent past,
the assumption in thisandysisis that HSI ignitor breakage rates will have been significantly reduced
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APPENDIX E. ELECTRICUTILITY IMPACT MODELING

E.1 INTRODUCTION

This gppendix summarizes the methods used to calculate utility avoided costs for the energy
savingsthat result from the imposition of appliance energy efficiency levels. Usualy, the appliance
being analyzed is electrically fueled; however, efficiency levels imposed on gas or oil-fired appliances
may aso indirectly affect eectricity demand. The conventions and background information used in the
analysis, and the basis for valuing the energy and capacity savings of the efficiency levels are
explained. Thegod of thisanayssisto caculate the peak and capacity savings and the avoided costs,
in dollars per million Btu ($/MMBtu) of electricity saved, where the energy is expressed as primary
energy. Avoided costscontainboththemargina fuel and margina capacity val ueof eachkWh saved by the
aternative efficiency levelsin each year of the period anayzed.

E.2 AVOIDED COST: BACKGROUND AND CONVENTIONS

The analysis adopts the standard utility convention that the value of electricity savings,
commonly caled avoided cost, can bebroadly separated into energy or variable cost savings, and capacity
or fixed cost savings. The variable impact measures the production costs avoided by reduced electrical
generaion. The largest variable component by far isthe cost of the fue not burned, but there are a'so
avoided labor and variable operation and maintenance costs to be considered. The fixed component is
intended to measure the benefit of reduced system load during peak periods. Since electricity cannot
normaly be stored on the large scale associated with utilities, all electricity must be generated at the
samemoment it isconsumed. Oneway to measurethe cost avoided by alower pesk demand isto estimatethe
lowest possible cost of maintaining the cheapest generator available on hand year-around ssimply to
generatethelast kW demanded at the peak hour. By convention, this hypothetical generator isalow-cost
gasturbine, and its capital cost per kW is called the gas turbine proxy. In addition to the generating
capacity itsdf, lowering peak demand will aso deliver a saving in the need for peak transmission and
distribution (T& D) capacity, which should be included in the capacity savings.

An gppliance dternative efficiency levd anadysstypically relies on disaggregation by Nationa
Electric Reliability Council (NERC) region of capacity savings and energy savings, followed by re-
aggregation to the national level. Disaggregation is necessary because different regions need capacity
at different times, and the relative energy savings attributable to each region for heating, cooling, and
al other gppliancesvary substantially. For the purposes of calculating electric utility avoided costs,
heating appliances are defined as electric heat pumps in heating mode and electric resistance heat,
cooling appliances are defined asroom and centra air-conditioning plus heat pumpsin cooling mode, and
basaload appliances are defined as dl other gppliances affected by new efficiency levels, including al
residentia refrigeration.

E.3 ENERGY COST SAVINGS

Volume 1: General Methodology Page E-1



DOE/EA-XXX

ENVIRONMENTAL ASSESSMENT FOR ALTERNATIVE EFFICIENCY
LEVELSFOR KITCHEN RANGESAND OVENS

1. INTRODUCTION AND NEED FOR PROPOSED ACTION

This Environmental Assessment (EA) on the candidate dternative efficiency levels for kitchen
ranges and ovens was prepared pursuant to the National Environmental Policy Act of 1969 (NEPA),
regulationsof theCouncil on Environmenta Qudity, and Title40, Codeof Federal Regulations, Parts 1500
through 1508. The candidate dternative efficiency levelsare being anadyzed pursuant to the Energy Policy
and Consarvaion Act, asamended by the Nationd Energy Conservation Policy Act and theNationd Appliance
Energy Conservation Act (1).

TheEA presentstheresultsof theassoci ated environmenta impactsfrom new candidatedternative
efficiency levelsfor kitchen ranges and ovens. Each measure of possible environmental changeis an
dternative action, and it is compared to what is expected to happen if no new efficiency levelsfor these
products were implemented, i.e., the "no action” alternative.

The primary environmental concern addressed is atmospheric emissions both from fossil-fueled
electricity generation and from combustioninthehome. The design optionsfor kitchen ranges and ovens
result in decreased eectricity use and, therefore, areduction in power plant emissions. The alternative
efficiency levelswill generaly decrease air pollution by decreasing future energy demand. A mgor
benefit of lower energy useisthe reduced need to emit sulfur dioxide, SO,. However, the Clean Air Act
Amendments (1990) placed a nationa ceiling on emissions of this acid rain precursor. In this report,
reductionsin SO, are reported; however, these should be interpreted as areduced need to pollute, rather
thanreduced physical emissions. Reductionsof nitrogen oxides(NO,) and carbon dioxideemissons(CO,)
will actually occur as aresult of the new efficiency levels and are listed by weight of NO, and CO,,
respectively. NO, aso contributesto acid deposition and isa precursor to urban photochemica smog, as
well as being directly harmful if breathed. CO, emissions from fossil-fuel burning is considered an
environmenta hazard because it contributes to the “ greenhouse effect” by trapping heat energy from the
earth that isemitted asinfrared radiation. The greenhouse effect is expected to gradudly raise the mean
global temperature.

Although the quantity of raw materias used per gppliance will remain relatively constant, in most
scenariosincreased initid cost is expected to dightly decrease the number of appliances sold, resulting
insmall decreasesin raw materidsused. Themain effect of the appliance production decreaseis reduced
SO, emittedingted production. That reductionissmall, however, incomparisontothe SO, decreasesfrom
avoided fud-burning at power plants. The contribution from steel production is not included in the
estimates for net SO, decreases resulting from design changes in these products.

The focus of the environmenta analysisis on just two air pollutants, SO, and NO,, because the
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effects of changesin tota €ectric power generation are primarily seen in emissions of these pollutants.
In-house combustion is an important source of NO,. Additiondly, since the greenhouse effect is of such
major international concern, the effect on emissions of CO, is also reported.

Of the six criteria pollutants, power generation contributes major shares (70% and 32%,
respectively) of total U.S. SO, and NO, emissions, but only 2% of |ead emissons, and ing gnificant amounts
of particul ate', carbon monoxide(CO), and volatileorganic compounds (VOCs) (2). In-housecombustion
isan important contributor to overal NO, emissonsin urban areas, which can be important during smog
episodes, but is an insignificant source of SO, and the other criteria pollutants. Power generation
contributes 34% of all U.S. CO, emissions, and in-house combustion 19% (3).

Reductionsin particul ate emissons accompanied by decreasesin SO, and NO, would have other
beneficia effects on the environment. The resultant improvement to air quality and the decreased
potentid of acid rain formation would help improve the quaity of wetlands and fish and wildlife as well
asadinthepreservation of historica and archaeological sites. Reductionsin NO, emissonswithin warm
urban areas is particularly beneficial because it is an urban smog precursor as well as an acid rain
precursor, and an air pollutant in its own right.

Reduced in-housefud consumption will decreasetheamount of gasor il burned within somehomes,
thereby decreasing the impact of combustion on indoor ar quality. Indoor air problems are usualy due
to a combination of factors, including a tight house envelope, insufficient ventilation for cooking
gppliances, presenceof sourcessuch ascigarettesmokersor formal dehyde-contai ning products, andradon
diffusonfromsoil. In comparison to the above factors, and because fue-burning gppliances are normally
vented to the outside, the projected changesin in-house fud-burning appliance use is expected to have
little effect on indoor air quality.

2. METHODS OF ESTIMATING ENVIRONMENTAL IMPACTS

Thegreatest impactsof implementing the new efficiency levelswould beareduction in eectricity
demand growth. The main environmenta effects of power plants on air and water quality result from
emissonsof SO,, NO,, and CO,. With the dternative efficiency levelslessening the need for eectricity
generation, power plant emissonswould bereduced. A second source of these pollutantsisfue-burning
household appliances. Pollutants from fuel-burning household appliances will be termed “in-house’
emissions, and are reported below.

Note that the effect of implementing new efficiency levels will not be to reduce emissionsin all
cases. Therearetwo mgor waysin which emissons can rise asthe result of an imposed efficiency leve.
Firgt, thechanging economicsof appliances may cause consumersto fuel-switch or gppliance-switch. For
example, higher room air conditioner prices could prompt a switch to central air conditioning, raising
both overdl energy useand emissions. Second, theefficency level may d so changethethermodynamicsof

! Based on the PM-10 plus PM-10 fugitive dust definition.
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the home. For example, more efficient cooking appliances could lower the heat released in-house,
increasing the load on the heating system. If the home is heated with oil, the effect would be to raise
SO, emissions.

2.1 Basdline Emissions

Inthe Service Report that accompaniesthe 1991 National Energy Strategy (NES), theimpact on
power plant emissonsasaresult of revisonsto TitleV of the 1990 Clean Air Act Amendments, P. L. 101-
549, are estimated (4). The emission forecast that gppearsin that report is presented below as Table 1.

NO, emissonsarerequired to be reduced by 1.8 Mt (2 million short tons) by the year 2000 under the
legidation. However, no emissions cap exists for NO,, and the gods of the legidation are implemented
through command-and-control emissonsratesthat vary by fuel burned andtypeof boiler. Therefore, while
NO, emissions per kWh generated are expected to fdl, they will fal less than emissons of SO,. Also, it
isless clear whether the Act's emissions reduction target will be met because enforcement isindirect,
through various performance standards. In this casg, it is reasonable to report predicted reductions in
physica NO, emissions as aresult of the appliance efficiency leves, and that approach is adopted here.

The case of SO, emissonsismore complex. The legidation calsfor SO, emissonsreductionsin
two phases. Inthefirst phase of the planned reductions (beginning December 31, 1995, and carrying
through the year 2000), dectric utilitieswill have several options for reducing their SO, emissions to
comply with thealowance congtraintsimposed by the provisionsof the Clean Air Act. Themgjor options
are 1) to decrease their use of high-emission units and increase the use of their clean units, 2) to switch
units using high-sulfur coal to low-sulfur coal, 3) to retrofit plants emitting at a high rate with
emissions-reduction technologies (e.g., scrubbers), 4) to purchase allowances from other utilities who
reduce their emissons below their permitted levels, and 5) to purchase power rather than generate it.
Most utilitieswill make use of acombination of these options to minimize the cost of complying with the
allowance congraints. Total SO, emissons by utilities cannot exceed 8.1 Mt (8.9 million short tons)
after December 31, 2000.

I nthe second phaseof theplanned reducti ons(beginning December 31, 2000), theoptionsavailable
to electric utilities for maintaining the 8.1 Mt SO, emissions cap will broaden with the expected
introduction of new, advanced generating technologies. However, during this period utilities are less
able to reduce emissions by changing the way they utilize their plants. Since most plants will be fully
utilized, there will be few opportunities for reducing emissons by decreasing the use of a high-emission
plant or for further fuel switching.

The adoption or non-adoption of the efficiency leve for kitchen ranges and ovens will likely not
affect the physical emissions of SO, which will hover near the ceiling. Thisis not to say that thereis
no SO, emissionsbenefit to bederived from thelowered e ectricity demand implied by applianceefficiency
levels. Actud physica emissonswill not be lowered, but the demand for SO, dlowances by electricity
generators will be reduced, resulting in lower alowance prices, and lower electric utility compliance
costs. In other words, lowered generation is a costless contribution towards the SO, clean-up required by
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the Act. Estimating these effects asthey reverberate through SO, allowance trading, however, istoo
ambitiousfor thisandyss. Here, therefore, emissions reductions by weight are smply estimated and
reported, asif the allowance trading market did not exist. Further, no effort is made to estimate the
reduced compliance cost, which may ultimately benefit utility companies, their stockholders, or their
ratepayers. The actual distribution of benefits depends upon the regulatory regime.

Inthe ServiceReport accompanyingthe 1991 NES, two possi bleoutcomesarepresented, aflexible
case and a restricted case, so that the effect of different levels of permitted trading of emission
alowances can be evauated. (The report does not go beyond this explanation in defining the differences
between the two cases)) As presented in the report, the results for the two cases are virtually identical.
Because the two cases are so similar, only the U.S. power plant emission projections for the three
effluents under the assumptions made in the flexible case are presented.

Table EA-1. U.S. CO,, SO,, and NO, Power Plant Emissions

CO, S0, NO,
Y ear 10° short tons 10° short tons 10° short tons
1995 2233 13.8 8.4
2000 2506 9.0 6.7
2010 3219 8.4 7.3
2020 3964 6.7 6.7
2030 4804 4.8 59

2.2 Sulfur Dioxide and Nitrogen Oxide Emissions

In order to capture the effects of cleaner-burning power plantsin future years, emission rates
(tons/Quad) for power plant fuel-burning are calculated from projected emissions and electrica
generation data. The electrical generation datais trandated below into energy use (Quads) by assuming
a 30% overal energy conversion efficiency. The source of these projected emissions and electrica
generation dataisthe Service Report. Table 2 presents these data and the cal culated emission rates for
SO, and NO,.
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TableEA-2. Electricity Generation, EmissonsData, and EmissonsRatesfor SO,and NO, at Fossil
Fuel-Burning Power Plants

Electricity Generation Energy Emissions Emissions Rates (primary)
Use

Coal Qil Gas Total SOz NOx SOz NO,

Year | 10°kwh| 10° kWh | 10° kWh | Quads | 10° short [ 10°short | 10%tons/ | 10°tonsg/
tons tons Quad Quad
1995 | 1602.2 | 193.7 442.0 25.74 13.8 8.4 536.1 326.3
2000 | 1814.0 | 179.8 605.0 29.89 9.0 6.7 301.1 224.1
2010 | 2660.6 | 149.9 482.5 37.88 8.4 7.3 221.8 192.7
2020 | 3727.8 67.2 292.3 47.01 6.7 6.7 142.5 142.5
2030 | 4837.3 29.0 179.2 58.03 4.8 59 82.7 101.7

Thecalculated emissionsrate datalisted in Table 2 representsthe average SO, and NO, emissions
ratesfor al fossl fud-burning power plantsin the United States. Emissions rates were not calculated
for each fuel-burning source because the emissions data supplied by the Service Report were not
disaggregated according to power plant type (i.e., cod, oil, gas). To obtain emission rate values, the
amount of emissons was divided by the total energy use of fossil fuel-burning power plants. The total
energy use by fossll fuel-burning power plantswas ca culated from the e ectrica generation data supplied
by the Service Report. The eectrica generation data was disaggregated by fuel source. To obtain the
total energy use (input), the electrica generation data from each fossi| fuel source was summed and then
divided by the assumed efficiency of fossl fuel-burning power plants (30%), which includes transmission
and distribution losses. This fossil fuel-burning power plant efficiency is consistent with that used
by the LBNL Residential Energy Model (LBNL-REM).

Theamount of SO, and NO, emissions abated for any particular year isdetermined by multiplying
the estimates of energy saved through reduced e ectricity generation in that year by the emission rate for
that particular year. For years not covered in the Service Report, linear interpolation was used to derive
emission rates and, in turn, the corresponding abated emissions.

Table 3 presentsthe emission factors (rates) that were used for SO, and NO, for in-housegas and
oil combugtion. Thevauesfor reduction of SO, and NO, emissonsfrom in-house gasand oil combugtion are
produced by multiplying in-house fuel savings for gas and oil by the corresponding emission rates.
Emission factors that appear in Table 3 are from a Lawrence Berkeley Nationd Laboratory report (5).
Emission factorsfor gasin-house combustion were assumed to equal the average of those for resdentia
gas space heatersand water heaters. Emission factorsfor oil in-house combustion were assumed to equal
those associated with aresidential #2 oil boiler.
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Table EA-3. Emission Ratesfor SO, and NO, from In-House Combustion

SO, Gas Emission SO, Oil Emission
10° tons/Quad 10° tons/Quad

0.0 156.5

NO, Gas Emission
10? tons/Quad

52.5

NO, Oil Emission
10® tons/Quad

65.0

2.3 Carbon Dioxide Emissions

Emission rates for CO, were derived in the same manner as those derived for SO, and NO,. As
presented in Table 1, the Service Report accompanying the 1991 NES also provided emissions datawith
regardto CO,.? Table4 presentsthe CO, emission rate data as derived from the electrical generation data
and emissions data supplied by the report.

TableEA-4. Electricity Generation Data, Emissions Data, and Emissons Ratesfor CO, at Fossi
Fuel-Burning Power Plants

Electricity Generation
Cod Oil Gas | EnergyUseTotal | Emisson CO, | EmissonReteCO,
Year | 10°kwh | 10° kWh | 10° kWh Quads 10° short tons|  10° tons/Quad
1995 1602.2 193.7 442.0 25.74 2232.5 86.37
2000 1814.0 179.8 605.0 29.89 2506.2 83.85
2010 2660.6 149.9 482.5 37.88 3219.3 85.00
2020 3727.8 67.2 292.3 47.01 3964.2 84.32
2030 4837.3 29.0 179.2 58.03 4804.4 82.79

Aswith the SO, and NO, emissions, theamount of CQ emissionsabated for any particular year is
determined by multiplying the estimates of energy saved through reduced electricity generation by the
emission rate for that particular year. For years not covered in the Service Report, linear interpolation
was used to derive emission rates and, in turn, the corresponding abated emissions.

Table 5 presents the emission factors (rates) that were used for CO, for in-house gas and oil
combustion. The vauesfor the reduction of CO, emissons from in-house gas and oil combustion are

2 From phone conversations with David Streets at Argonne National Laboratory (February 1992), it was determined that
the carbon emissions data provided in the Service Report accompanying the 1991 NES were mistakenly reported as tons
of carbon emitted. David Streets was one of authors at Argonne who contributed to the report.
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produced by multiplying in-house fuel savings for gas and oil by the corresponding emission rates.
Emissonfactorsthat appear in Table5arefrom alLawrence Berkeley Nationa Laboratory report (6). The
emisson factor for gasin-house combustion was assumed to equa the average of thosefor resdentia gas
gpaceheatersandwater heaters. Theemissionfactor for oil in-housecombustion wasassumed to equa the
one associated with aresidential #2 oil boiler.

Table EA-5. Emission Ratesfor CO, from In-House Combustion

CO, Gas Emission CO, Oil Emission
10° tons/Quad 10° tons/Quad
55,000 84,300
3. RESULTS

Thefollowing resultsin Tables 6 through 20 indicate the potentia changesin amounts of emitted
CO,, SO,,andNO, resulting from new efficiency levelsfor kitchen ranges and ovens. A tableis presented
for each of the alternative efficiency levels. Each table details the changes that occur to each of the
threeemissons(i.e,, CO,, SO,,andNO,) through the imposition of anew efficiency leve for this type of
gppliance. Each table shows, for aspecific year between 2000 and 2030, the amount of emission abated
from power plant generation, theamount abated from in-house generation, the net changeintheemission,
and the percent the net change comprises of total U.S. residential emissions. Also included are the
cumulative changes of each pollutant (between the years 2000 and 2030).

For each section that follows, only the results from the highest efficiency level are discussed
for each appliance. In order to view the results for each efficiency level, tables for each level are
provided after the discussion.

It should be noted that the dterantive efficiency levels studied are not consistent between the
two appliances. The number of efficiency levelsthat are andyzed for a particular gppliance depends on
the number and type of technologies that were considered for it. For a detailed explanation of the
specific technologies considered for kitchen ranges and ovens, please refer to the appropriate sections
and appendices of the product-specific discussion of kitchen ranges and ovens (Volume 2) in thisreport.
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3.1 RANGESAND OVENS

Decreasesintheamountsof CO,,SO,,andN O, arepresented for cooktops, conventional ovens, and
microwave ovens. Alternative efficiency levels 1 through 5 for cooktops are summarized in Tables 6
through 10, dternative efficiency levels 1 through 5 for conventional ovens are summarized in Tables 11
through 15, and dternativeefficiency levels 1 through 5for microwave ovensaresummarizedin Tables 16
through 20.

3.1.1 Sulfur Dioxide and Nitrogen Oxide Emissions
Cooktops

Need for sulfur dioxide emissions would be decreased by acumulative total of up to 67 kt (73
thousand short tons) between 2000 and 2030 in thelevel 5 scenario. Inthe year 2000, decreasesin sulfur
dioxidewill represent about 0.02% of the SO, emissons estimated to come from the residentia sector in
that year. Inthe year 2030, decreasesin SO, emissions will represent about 0.10% of the SO,emissons
estimated to come from the residentia sector in that year. Asdiscussed earlier, the possible reductions
of SO,emissions caused by new efficiency levels can be earned asexcess dlowances. To the extent these
alowances are used for future emissions, the efficiency levels net effect on those SO, emissions would
be only a postponement.

Leve 5design changesto cooktopswould result in an estimated decreasein NO, emissionsof 65
kt (72 thousand short tons) between 2000 and 2030. NO, decreaseswould represent 0.02% and 0.10% of the
NO, emissions estimated to come from the residentia sector in the years 2000 and 2030, respectively.

Conventional Ovens

Sulfur dioxide emissionswould be decreased by acumulativetota of up to 241 kt (266 thousand
short tons) between 2000 and 2030 in the level 5 scenario. In the year 2000, decreases in sulfur dioxide
will represent about 0.05% of the SO,emissonsestimated to comefrom theresidentia sector inthat yeer.
Inthe year 2030, decreasesin SO,emissonswill represent about 0.43% of the SO, emissions estimated to
come from the residential sector in that year. As discussed above, the possible reductions of SO,
emissions caused by new efficiency levels can be earned as excess alowances. To the extent these
alowances are used for future emissions, the efficiency levels net effect on those SO, emissions would
be only a postponement.

Leve 5 desgn changesto conventiona ovenswould result in an estimated decrease in NO, emissons
of 239 kt (263 thousand short tons) between 2000 and 2030. NO, decreaseswould represent 0.05% and 0.41%
of the NO, emissions estimated to come from the residential sector in the years 2000 and 2030,
respectively.
Microwave Ovens

Sulfur dioxideemissonswoul dbedecreased by acumul ativetota of upto 53kt (58 thousand short
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tons) between 2000 and 2030 in the level 5 scenario. In the year 2000, decreases in sulfur dioxide will
represent about 0.02% of the SO, emissons estimated to come from the residentia sector inthat year. In
the year 2030, decreasesin SO,emissonswill represent about 0.08% of the SO,emissons esimated to come
from the resdentia sector in that year. Asdiscussed above, the possible reductions of SO, emissions
caused by new efficiency levels can be earned as excess dlowances. To the extent these allowances are
used for future emissions, the efficiency levels net effect on those SO, emissions would be only a
postponement.

Leve 5design changesto microwaveovenswould resultinan estimated decreasein NO,emissons
of 48kt (53 thousand short tons) between 2000 and 2030. NO, decreaseswould represent 0.02% and 0.07% of
the NO, emissions estimated to come from the residential sector in the years 2000 and 2030, respectively.

3.1.2 Carbon Dioxide Emissions
Cooktops

The cumulativereductionin CO,emissonsfrom level 5 design changesis 36 Mt (39 million short
tons) of CO,. For theyear 2000, the estimated CO, reduction is0.16 Mt of CO, or about 0.01% of estimated
U.S. power plant CO,emissonsin 2000. For theyear 2030, the estimated CO,reduction is 1.47 Mt of CO,or
about 0.09% of estimated U.S. power plant CO, emissionsin 2030.

Conventional Ovens

Thecumulativereductionin CO,emissonsfromleve 5design changesis133 Mt (47 million short
tons) of CO,. For the year 2000, the estimated CO,reduction is0.52 Mt of CO,or about 0.04% of estimated
U.S. power plant CO,emissonsin 2000. For theyear 2030, the estimated CO,reduction is6.77 Mt of CO,or
about 0.38% of estimated U.S. power plant CO, emissionsin 2030.

Microwave Ovens
The cumulativereductionin CO,emissonsfrom level 5 design changesis 25 Mt (28 million short
tons) of CO,. For theyear 2000, the estimated CO ,reduction is0.16 Mt of CO,or about 0.01% of estimated

U.S. power plant CO,emissonsin 2000. For theyear 2030, the estimated CO,reduction is 1.02 Mt of CO,or
about 0.06% of estimated U.S. power plant CO ,emissions in 2030.
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Table EA-6. Reduction of Pollutantsfor Cooktops, Level One

SO,
Year Abated from Power Abated from In House Total Rgdgctlon 'n Reduction as
Plants Emissions
a% of Totd
it thousand it thousand it thousand | Residential
short tons short tons short tons | EMIssions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative SO, reduction (kt): 0 (short tons): 0000
NOx
Year AbatedPIf;(:]Ts Power Abated from In House TotaIErIf]?:;g::;)n ' | Reduction as
a% of Totd
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons| Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative NOx reduction (kt): 0 (short tons): 0000
CO,
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative CO, reduction (Mt): 0 (short tons): 0 000 000
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Table EA-7. Reduction of Pollutantsfor Cooktops, Level Two

SO,
Year Abated from Power Abated from In House Total Rgdgctlon 'n Reduction as
Plants Emissions
a% of Totd
it thousand it thousand it thousand | Residential
short tons short tons short tons | EMissions
2000 0.14 0.16 -0.01 -0.01 0.13 0.14 0.00
2005 0.51 0.56 0.00 0.00 0.51 0.56 0.02
2010 0.63 0.69 0.00 0.00 0.63 0.69 0.02
2015 0.52 0.58 -0.01 -0.01 0.51 0.56 0.02
2020 0.26 0.28 -0.01 -0.01 0.24 0.27 0.01
2025 0.04 0.05 0.00 0.00 0.04 0.05 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative SO, reduction (kt): 11 (short tons): 12 000
NOx
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons| Emissions
2000 0.11 0.12 -0.01 -0.01 0.10 0.11 0.00
2005 0.41 0.45 -0.01 -0.01 0.40 0.44 0.01
2010 0.55 0.60 -0.01 -0.01 0.53 0.59 0.02
2015 0.48 0.53 -0.02 -0.02 0.47 0.51 0.02
2020 0.26 0.28 -0.01 -0.02 0.24 0.27 0.01
2025 0.05 0.05 0.00 0.00 0.04 0.05 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative NOx reduction (kt): 9 (short tons): 10 000
CO,
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.04 0.04 -0.01 -0.01 0.03 0.04 0.00
2005 0.17 0.19 -0.01 -0.01 0.16 0.17 0.01
2010 0.24 0.27 -0.01 -0.02 0.23 0.25 0.02
2015 0.25 0.27 -0.02 -0.02 0.23 0.25 0.02
2020 0.15 0.17 -0.02 -0.02 0.14 0.15 0.01
2025 0.03 0.03 0.00 -0.01 0.03 0.03 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative CO, reduction (Mt): 4 (short tons): 5000 000
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Table EA-8. Reduction of Pollutantsfor Cooktops, Level Three

SO,
Year Abated from Power Abated from In House Total Rgdgctlon 'n Reduction as
Plants Emissions
a% of Totd
it thousand it thousand it thousand | Residential
short tons short tons short tons | EMissions
2000 0.11 0.13 -0.01 -0.01 0.10 0.11 0.00
2005 0.41 0.46 -0.04 -0.04 0.37 0.41 0.01
2010 0.50 0.56 -0.05 -0.06 0.45 0.50 0.02
2015 0.37 0.41 -0.09 -0.10 0.28 0.31 0.01
2020 0.15 0.16 -0.08 -0.09 0.07 0.07 0.00
2025 -0.04 -0.05 -0.07 -0.07 -0.11 -0.12 -0.01
2030 -0.08 -0.09 -0.08 -0.09 -0.16 -0.18 -0.01
Cumulative SO, reduction (kt): 5 (short tons): 6 000
NOx
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons| Emissions
2000 0.09 0.09 0.02 0.02 0.10 0.11 0.00
2005 0.33 0.37 0.06 0.07 0.40 0.44 0.01
2010 0.44 0.48 0.13 0.14 0.56 0.62 0.02
2015 0.34 0.38 0.19 0.21 0.53 0.58 0.02
2020 0.15 0.16 0.21 0.24 0.36 0.40 0.02
2025 -0.05 -0.05 0.23 0.26 0.19 0.21 0.01
2030 -0.10 -0.11 0.25 0.27 0.15 0.17 0.01
Cumulative NOx reduction (kt): 11 (short tons): 12 000
CO,
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.03 0.04 0.02 0.02 0.05 0.05 0.00
2005 0.14 0.15 0.06 0.07 0.20 0.22 0.02
2010 0.19 0.21 0.13 0.14 0.32 0.35 0.02
2015 0.18 0.19 0.19 0.20 0.36 0.40 0.03
2020 0.09 0.10 0.22 0.24 0.30 0.34 0.02
2025 -0.03 -0.03 0.24 0.26 0.21 0.23 0.01
2030 -0.08 -0.09 0.25 0.28 0.17 0.19 0.01
Cumulative CO, reduction (Mt): 8 (short tons): 8 000 000
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Table EA-9. Reduction of Pollutantsfor Cooktops, Level Four

SO,
Year Abated from Power Abated from In House Total Rgdgctlon 'n Reduction as
Plants Emissions
a% of Totd
it thousand it thousand it thousand | Residential
short tons short tons short tons | EMIssions
2000 0.17 0.19 -0.01 -0.01 0.16 0.17 0.00
2005 0.61 0.67 -0.04 -0.04 0.57 0.63 0.02
2010 0.80 0.88 -0.05 -0.06 0.74 0.82 0.03
2015 0.73 0.80 -0.09 -0.10 0.63 0.70 0.03
2020 0.45 0.49 -0.08 -0.09 0.37 0.40 0.02
2025 0.20 0.22 -0.09 -0.10 0.10 0.11 0.01
2030 0.12 0.13 -0.08 -0.09 0.04 0.04 0.00
Cumulative SO, reduction (kt): 13 (short tons): 14 000
NOx
Year AbatedPIf;(:]Ts Power Abated from In House TotaIErIf]?:;g::;)n ' | Reduction as
a% of Totd
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons| Emissions
2000 0.13 0.14 0.01 0.01 0.14 0.15 0.01
2005 0.49 0.54 0.06 0.07 0.55 0.61 0.02
2010 0.69 0.76 0.11 0.12 0.80 0.88 0.03
2015 0.67 0.74 0.16 0.18 0.84 0.92 0.03
2020 0.45 0.49 0.19 0.21 0.64 0.70 0.03
2025 0.22 0.24 0.20 0.22 0.42 0.46 0.02
2030 0.14 0.16 0.22 0.24 0.36 0.40 0.02
Cumulative NOx reduction (kt): 18 (short tons): 20
CoO,
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.05 0.05 0.01 0.01 0.06 0.07 0.00
2005 0.20 0.22 0.06 0.06 0.26 0.29 0.02
2010 0.31 0.34 0.11 0.12 0.41 0.46 0.03
2015 0.34 0.38 0.16 0.18 0.51 0.56 0.04
2020 0.26 0.29 0.19 0.21 0.46 0.50 0.03
2025 0.15 0.17 0.20 0.22 0.35 0.39 0.02
2030 0.12 0.13 0.22 0.24 0.34 0.37 0.02
Cumulative CO, reduction (Mt): 11 (short tons): 12 000 000
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Table EA-10. Reduction of Pollutantsfor Cooktops, Level Five

SO,
Year Abated from Power Abated from In House Total Rgdgctlon 'n Reduction as
Plants Emissions
a% of Totd
it thousand it thousand it thousand | Residential
short tons short tons short tons | EMIssions
2000 0.57 0.63 -0.01 -0.01 0.56 0.61 0.02
2005 1.92 212 -0.04 -0.04 1.88 2.07 0.06
2010 2.86 3.15 -0.05 -0.06 2.80 3.09 0.10
2015 3.10 3.42 -0.11 -0.12 3.00 3.30 0.12
2020 2.57 2.83 -0.09 -0.10 2.47 2.72 0.12
2025 1.89 2.08 -0.09 -0.10 1.79 1.98 0.11
2030 1.46 1.61 -0.08 -0.09 1.38 152 0.10
Cumulative SO, reduction (kt): 67 (short tons): 73 000
NOx
Year AbatedPIf;(:]Ts Power Abated from In House TotaIErIf]?:;g::;)n n Reduction as
a% of Totd
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons| Emissions
2000 0.42 0.47 0.00 0.00 0.42 0.47 0.02
2005 1.55 1.70 -0.01 -0.01 1.54 1.70 0.06
2010 2.48 2.74 0.00 0.00 2.48 2.73 0.09
2015 2.88 3.17 -0.01 -0.01 2.87 3.16 0.12
2020 2.57 2.83 0.00 0.00 2.56 2.83 0.11
2025 2.07 2.28 0.01 0.01 2.07 2.29 0.10
2030 1.79 1.97 0.02 0.02 181 1.99 0.10
Cumulative NOx reduction (kt): 65 (short tons): 72 000
CO,
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.16 0.18 0.00 0.00 0.16 0.17 0.01
2005 0.63 0.70 -0.01 -0.01 0.62 0.68 0.05
2010 1.10 1.21 -0.01 -0.01 1.09 1.20 0.08
2015 1.48 1.63 -0.02 -0.02 1.46 1.60 0.10
2020 152 1.67 -0.01 -0.01 151 1.66 0.10
2025 1.44 1.59 0.00 0.00 1.44 1.58 0.09
2030 1.46 161 0.01 0.01 1.47 1.62 0.09

Cumulative CO, reduction (Mt):
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Table EA-11. Reduction of Pollutants for Conventional Ovens, Level One

SO,
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
t thousand t thousand t thousand R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.09 0.09 0.00 0.00 0.09 0.09 0.00
2005 0.29 0.32 0.00 0.00 0.29 0.32 0.01
2010 0.48 0.53 0.00 0.00 0.48 0.53 0.02
2015 0.56 0.61 -0.01 -0.01 0.54 0.60 0.02
2020 0.49 0.54 -0.01 -0.01 0.47 0.52 0.02
2025 0.39 0.43 0.00 0.00 0.39 0.43 0.02
2030 0.31 0.34 -0.01 -0.01 0.29 0.32 0.02
Cumulative SO, reduction (kt): 12 (short tons): 13000
NOx
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons| Emissions
2000 0.06 0.07 0.00 0.00 0.06 0.07 0.00
2005 0.23 0.26 0.00 0.00 0.23 0.25 0.01
2010 0.42 0.46 -0.01 -0.01 0.41 0.45 0.02
2015 0.52 0.57 -0.02 -0.02 0.50 0.55 0.02
2020 0.49 0.54 -0.02 -0.03 0.46 0.51 0.02
2025 0.43 0.48 -0.02 -0.02 0.41 0.46 0.02
2030 0.38 0.41 -0.02 -0.03 0.35 0.39 0.02
Cumulative NOx reduction (kt): 11 (short tons): 13000
CO2
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.02 0.03 0.00 0.00 0.02 0.03 0.00
2005 0.10 0.11 0.00 -0.01 0.09 0.10 0.01
2010 0.19 0.20 -0.01 -0.01 0.18 0.19 0.01
2015 0.26 0.29 -0.02 -0.02 0.24 0.27 0.02
2020 0.29 0.32 -0.03 -0.03 0.26 0.29 0.02
2025 0.30 0.33 -0.02 -0.02 0.28 0.31 0.02
2030 0.31 0.34 -0.03 -0.03 0.28 0.31 0.02
Cumulative CO, reduction (Mt): 6 (short tons): 7 000 000
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Table EA-12. Reduction of Pollutantsfor Conventional Ovens, Level Two

SO,
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Wt thousand Wt thousand Wt thousand R&si.de.nti a
short tons short tons short tons| Emissions
2000 0.17 0.19 -0.01 -0.01 0.16 0.17 0.00
2005 0.63 0.70 0.00 0.00 0.63 0.70 0.02
2010 0.97 1.07 -0.01 -0.01 0.95 1.05 0.03
2015 1.15 1.26 -0.03 -0.03 1.12 1.23 0.05
2020 1.00 1.10 -0.03 -0.03 0.97 1.07 0.05
2025 0.81 0.89 -0.01 -0.01 0.80 0.88 0.05
2030 0.63 0.69 -0.01 -0.01 0.61 0.68 0.04
Cumulative SO, reduction (kt): 25 (short tons): 28 000
NOx
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons| Emissions
2000 0.13 0.14 -0.01 -0.01 0.12 0.13 0.00
2005 0.51 0.56 -0.01 -0.01 0.50 0.55 0.02
2010 0.84 0.93 -0.03 -0.04 0.81 0.89 0.03
2015 1.06 1.17 -0.04 -0.05 1.02 1.12 0.04
2020 1.00 1.10 -0.05 -0.06 0.95 1.04 0.04
2025 0.89 0.98 -0.05 -0.06 0.84 0.92 0.04
2030 0.77 0.85 -0.05 -0.06 0.72 0.79 0.04
Cumulative NOx reduction (kt): 23 (short tons): 26 000
CO2
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.05 0.05 -0.01 -0.01 0.04 0.04 0.00
2005 0.21 0.23 -0.01 -0.02 0.19 0.21 0.01
2010 0.37 0.41 -0.04 -0.04 0.33 0.37 0.02
2015 0.55 0.60 -0.05 -0.05 0.50 0.55 0.03
2020 0.59 0.65 -0.06 -0.06 0.53 0.59 0.04
2025 0.62 0.68 -0.05 -0.06 0.56 0.62 0.04
2030 0.63 0.69 -0.05 -0.06 0.57 0.63 0.04

Cumulative CO, reduction (Mt):
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Table EA-13. Reduction of Pollutants for Conventional Ovens, Level Three

SO,
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Wt thousand Wt thousand Wt thousand R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.09 0.09 -0.03 -0.03 0.06 0.06 0.00
2005 0.27 0.29 -0.07 -0.07 0.20 0.22 0.01
2010 0.46 0.51 -0.09 -0.10 0.37 0.41 0.01
2015 0.56 0.61 -0.15 -0.16 0.41 0.45 0.02
2020 0.50 0.55 -0.16 -0.18 0.34 0.37 0.02
2025 0.40 0.45 -0.16 -0.18 0.24 0.27 0.01
2030 0.31 0.35 -0.15 -0.16 0.17 0.18 0.01
Cumulative SO, reduction (kt): 9 (short tons): 10 000
NOx
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons| Emissions
2000 0.06 0.07 0.02 0.02 0.08 0.09 0.00
2005 0.22 0.24 0.11 0.12 0.32 0.36 0.01
2010 0.40 0.44 0.20 0.23 0.61 0.67 0.02
2015 0.52 0.57 0.29 0.31 0.80 0.88 0.03
2020 0.50 0.55 0.31 0.34 0.81 0.89 0.04
2025 0.44 0.49 0.33 0.36 0.77 0.85 0.04
2030 0.39 0.42 0.34 0.38 0.73 0.80 0.04
Cumulative NOx reduction (kt): 19 (short tons): 21 000
CO2
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.02 0.03 0.02 0.02 0.04 0.05 0.00
2005 0.09 0.10 0.11 0.12 0.19 0.21 0.01
2010 0.18 0.20 0.20 0.23 0.38 0.42 0.03
2015 0.26 0.29 0.28 0.31 0.55 0.61 0.04
2020 0.30 0.33 0.31 0.34 0.61 0.67 0.04
2025 0.31 0.34 0.32 0.36 0.63 0.70 0.04
2030 0.31 0.35 0.35 0.38 0.66 0.73 0.04
Cumulative CO, reduction (Mt): 14 (short tons): 15 000 000
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Table EA-14. Reduction of Pollutants for Conventional Ovens, Level Four

SO,
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Wt thousand Wt thousand t thousand R&si.de.ntial
short tons short tons short tons| Emissions
2000 1.94 2.14 -0.04 -0.04 1.90 2.09 0.05
2005 6.25 6.89 -0.11 -0.12 6.15 6.77 0.20
2010 9.63 10.61 -0.19 -0.21 9.44 10.40 0.33
2015 11.26 12.41 -0.27 -0.30 11.00 12.12 0.46
2020 10.04 11.06 -0.30 -0.33 9.74 10.73 0.47
2025 8.03 8.85 -0.30 -0.33 7.74 8.52 0.46
2030 6.31 6.95 -0.30 -0.33 6.01 6.63 0.44
Cumulative SO, reduction (kt): 247 (short tons): 273 000
NOx
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons| Emissions
2000 1.45 1.59 -0.03 -0.04 141 1.55 0.05
2005 5.03 5.55 -0.10 -0.11 4,93 5.43 0.18
2010 8.36 9.22 -0.19 -0.21 8.18 9.01 0.31
2015 10.44 11.51 -0.27 -0.30 10.17 11.21 0.42
2020 10.04 11.06 -0.31 -0.34 9.72 10.72 0.43
2025 8.80 9.69 -0.33 -0.36 8.47 9.34 0.41
2030 7.76 8.55 -0.33 -0.37 7.42 8.18 0.40
Cumulative NOx reduction (kt): 236 (short tons): 260 000
CO2
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.54 0.60 -0.04 -0.04 0.50 0.55 0.04
2005 2.06 2.27 -0.12 -0.13 1.94 2.14 0.15
2010 3.69 4,07 -0.21 -0.24 3.47 3.83 0.25
2015 5.36 5.90 -0.32 -0.35 5.04 5.56 0.35
2020 5.94 6.54 -0.36 -0.39 5.58 6.15 0.37
2025 6.12 6.75 -0.37 -0.41 5.75 6.34 0.37
2030 6.32 6.96 -0.38 -0.42 5.93 6.54 0.37
Cumulative CO, reduction (Mt): 129 (short tons): 142 000 000
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Table EA-15. Reduction of Pollutantsfor Conventional Ovens, Level Five

SO,
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Wt thousand Wt thousand Wt thousand R&si.de.nti a
short tons short tons short tons| Emissions
2000 191 211 -0.04 -0.04 1.87 2.06 0.05
2005 6.16 6.79 -0.15 -0.16 6.01 6.62 0.19
2010 9.50 10.47 -0.24 -0.27 9.26 10.20 0.33
2015 11.11 12.25 -0.36 -0.40 10.75 11.85 0.45
2020 9.90 10.91 -0.40 -0.44 9.50 10.47 0.46
2025 7.94 8.75 -0.40 -0.44 7.53 8.30 0.45
2030 6.23 6.87 -0.39 -0.43 5.84 6.44 0.43
Cumulative SO, reduction (kt): 241 (short tons): 266 000
NOx
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons| Emissions
2000 1.42 157 -0.01 -0.01 1.42 1.56 0.05
2005 4,95 5.46 -0.02 -0.02 4,94 5.44 0.18
2010 8.26 9.10 -0.01 -0.02 8.24 9.08 0.31
2015 10.30 11.35 -0.03 -0.04 10.27 11.32 0.42
2020 9.90 10.91 -0.05 -0.06 9.85 10.85 0.44
2025 8.69 9.58 -0.05 -0.06 8.64 9.52 0.42
2030 7.66 8.44 -0.05 -0.05 7.61 8.39 0.41
Cumulative NOx reduction (kt): 239 (short tons): 263 000
CO2
Y ear Abatedﬂf;??s Power Abated from In House TotaIErIf]?:;Jg‘;:gn 'n Reduction as
a% of Totd
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons| Emissions
2000 0.53 0.59 -0.01 -0.01 0.52 0.57 0.04
2005 2.03 2.23 -0.03 -0.04 1.99 2.20 0.15
2010 3.64 4,01 -0.04 -0.04 3.60 3.97 0.26
2015 5.29 5.82 -0.07 -0.08 5.21 5.74 0.36
2020 5.86 6.46 -0.10 -0.11 5.76 6.35 0.38
2025 6.05 6.67 -0.10 -0.11 5.95 6.56 0.38
2030 6.24 6.87 -0.09 -0.10 6.15 6.77 0.38

Cumulative CO, reduction (Mt):
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Table EA-16. Reduction of Pollutantsfor Microwave Ovens, Level One

SO,
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
t thousand t thousand t thousand | Residential
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative SO, reduction (kt): 0 (short tons): 0000
NOx
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative NOx reduction (kt): 0 (short tons): 0000
CO2
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative CO, reduction (Mt): 0 (short tons): 0 000 000
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Table EA-17. Reduction of Pollutants for Microwave Ovens, Level Two

SO,
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
t thousand t thousand t thousand | Residential
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative SO, reduction (kt): 0 (short tons): 0000
NOx
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative NOx reduction (kt): 0 (short tons): 0000
CO2
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative CO, reduction (Mt): 0 (short tons): 0 000 000
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Table EA-18. Reduction of Pollutants for Microwave Ovens, Level Three

SO,
I Reduction
Year Abated from Power Abated from In House Total Rgdgcﬂon in as 2% of
Plants Emissions
Total
t thousand t thousand t thousand | Residential
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative SO, reduction (kt): 0 (short tons): 0000
NOx
I Reduction
Year Abated from Power Abated from In House Total Rgdgcﬂon in as 2% of
Plants Emissions
Total
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative NOx reduction (kt): 0 (short tons): 0000
CO2
I Reduction
Year Abated from Power Abated from In House Total Rgdgcﬂon in as 2% of
Plants Emissions
Total
million million million | Residentia
Mt short tons Mt short tons Mt short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative CO, reduction (Mt): 0 (short tons): 0 000 000
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Table EA-19. Reduction of Pollutants for Microwave Ovens, Level Four

SO,
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
t thousand t thousand t thousand | Residential
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative SO, reduction (kt): 0 (short tons): 0000
NOx
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative NOx reduction (kt): 0 (short tons): 0000
CO2
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons | Emissions
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2010 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2015 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cumulative CO, reduction (Mt): 0 (short tons): 0 000 000
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Table EA-20. Reduction of Pollutants for Microwave Ovens, Levd Five

SO,
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
t thousand t thousand t thousand | Residential
short tons short tons short tons | Emissions
2000 0.63 0.69 -0.01 -0.01 0.61 0.68 0.02
2005 1.92 212 -0.03 -0.03 1.90 2.09 0.06
2010 2.42 2.66 -0.03 -0.03 2.39 2.63 0.08
2015 2.06 2.27 -0.04 -0.04 2.02 2.22 0.08
2020 1.74 1.92 -0.04 -0.04 1.70 1.88 0.08
2025 141 1.56 -0.03 -0.03 1.38 1.53 0.08
2030 111 1.22 -0.04 -0.04 1.06 1.17 0.08
Cumulative SO, reduction (kt): 53 (short tons): 58 000
NOx
L Reduction
Year Abated from Power Abated from In House Total R.edL.JCtIOI’] in as 2% of
Plants Emissions Total
Kt thousand Kt thousand Kt thousand | Residential
short tons short tons short tons | Emissions
2000 0.47 0.52 -0.01 -0.02 0.45 0.50 0.02
2005 1.55 1.70 -0.05 -0.05 1.50 1.65 0.06
2010 2.10 231 -0.06 -0.07 2.04 2.25 0.08
2015 191 2.10 -0.07 -0.07 1.84 2.03 0.08
2020 1.74 1.92 -0.08 -0.08 1.67 1.84 0.07
2025 1.55 1.70 -0.07 -0.08 1.47 1.62 0.07
2030 1.36 1.50 -0.08 -0.09 1.28 141 0.07
Cumulative NOx reduction (kt): 48 (short tons): 53 000
CO2
L Reduction
Year Abated from Power Abated from In House Total Rgdgctlon in as 2% of
Plants Emissions
Total
Mt million Mt million Mt million R&si.de.ntial
short tons short tons short tons | Emissions
2000 0.17 0.19 -0.02 -0.02 0.16 0.17 0.01
2005 0.63 0.70 -0.05 -0.06 0.58 0.64 0.04
2010 0.93 1.02 -0.07 -0.07 0.86 0.95 0.06
2015 0.98 1.08 -0.07 -0.08 0.90 1.00 0.06
2020 1.03 1.14 -0.08 -0.09 0.95 1.04 0.06
2025 1.08 1.19 -0.08 -0.09 1.00 1.10 0.06
2030 111 1.22 -0.09 -0.10 1.02 1.12 0.06

Cumulative CO, reduction (Mt):
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Theenergy vaueof |oad shape modificationsismeasured by themargina cost of dectricity, which
depends on the variable cost of operating the power plants that will change their output in response to
achangein load. Thisvariable cost conssts primarily of the cost of fuel for these marginal units. U.S.
utilities are characterized by a substantia difference among the prices of fuels used to generate
electricity on the margin. Margina resources of a utility can be either more expensive oil and gas or less
expensvenon-oil-and-gasresources, typically coa or economy purchaseof power generatedby cod. Very
low variable-cost nuclear or run-of-river hydro resources are usually base loaded and thus only rarely
contribute to margina energy costs. Even though the relative cost of natural gas as a generation fuel
has decreased in recent years, and seasona price fluctuations often make it cheaper than coal bought
under long-term contract, this oil and gas fraction approach is till valid because gas-fired resources
are more likely to be marginal because of their greater operating flexibility.

Therelevant margina cost isthe cost of each margina fuel weighted by the fraction of time each
fud ison themargin plusany variable operation and maintenance (O&M). Formally, thisrelationship can
be smplified as follows:

Margina Cost = OGF,,,- Natural Gas Price + NOGF,, - Coal Price +Variable O& M

To caculate the oil-and-gas fraction on the margin, OGF,, the total amount of oil- and gas-
generated eectricity isdivided by the total forecasted amount of electricity generation from NERC data
(1) toobtainthetotal oil and gasfraction, OGF,. OGF, canthen berelated to OGF,,withasmplifiedload-
duration curve(LDC) for eachregion. FigureE.1showsthisLDC, whereB’ isthe OGF,,, Thenon-ail-and-gas
fraction (NOGF,) issmply 1- OGF,,.

The purpose of the following derivation is to calculate the OGF,, (B’). First, note that

tanQ :A
B

and B = 1.0, which implies that
A = B tanQ = tanQ

The normdized areaof thetriangle at the top of the LDC represents the fraction of total generation from
oil and gas (OGF,). Cdculating the area of this triangle yields

OGF, = 0.5A’B’ = 0.5(B'tanQ)B’
B’ can thus be expressed as follows:

20GF,
B' - OGF,, - \|—
an
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FigureE.1 Simplified Load-Duration Curve
Theappropriatevaluefor A=tan Q isdetermined empiricaly: when OGF, > 0.4, OGF,,,= 1.0. Thevaueof
A must therefore be greater than or equal to 0.8. Note that when A = 0.8,
Normalized peak demand = 1.4 - mean load
and

Normalized minimum load = 0.6 - mean load.

A weghted-averagemargind energy cost isdetermined for each of the NERC regionsusing the above
formulas, and a nationa weighted-average marginal cost for heating and basel oad energy savingsis
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caculated using the regiona fud price multipliers and energy savings fractions described above. This
approach assumes that the marginal oil-and-gas fractions remain constant over the analysis period.

For cooling energy savings, the appropriate marginal energy cost (MEC) will exceed the annua
average M EC becausethe OGF, istypically higher insummer thaninwinter. Theannua average OGF,is
approximately 52% when cal culated using the energy savingsfractionsfor hesting, cooling, and basel oad
energy. CoolingMECsarecd cul ated usinganational OGF,,,of 60%to account for theseasonal differences
in margina fuel usage. Table E.1 shows the annual average OGF,, for each NERC region.

TableE.1 Utility Marginal OGFsand Year of Capacity Need by NERC Region

NERC Marginal Y ear Capacity
Region OGF is Needed
NPCC 0.88 now
MAAC 0.61 now
ECAR 0.16 now
MAIN 0.19 now

SPP 0.77 1999
SERC 0.47 now
ERCOT 0.92 1999
MAPP 0.15 1997
WSCC 0.55 1999

National Avg. 0.52

The calculation of MECs in year | can be summarized as follows:

N
OGF, = ¥ ESF, - OGF,,

i=1
NOGF,_= 1 - OGF,

MEC; = (OGF, - gas price + NOGF, - codl pricg + Variable O&M;) - 1.06

where:

i denotes a particular NERC region,
ESF, represents the energy savings fraction for region i, and
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1.06 adjusts for transmission and distribution losses.

The ESF for region i isthe sum of products of the heating, cooling, and baseload energy savings
fractions with the heating, cooling, and baseload factors. Variable O&M is caculated using references
(2) and (3). Average O&M (fixed and varigble) for dl fossl-fud fired steam-electric power plants for
investor-owned utilitiesin 1990 is reported in (4) as 0.5¢/kWh (in 1990 dollars). Thiscan be split into
fixed and variable components using (5). The analysis uses the fraction of O&M that is variable for a
supercritical coa steam unit (50%) and for anatura gas combustion turbine (20%), weights these by the
appropriate marginal oil and gas fractions, and applies the resulting percentage (variable O&M as a
percent of total O& M) to thetotal O& M (0.5¢/kWh). Thiscaculation resultsin avariable O& M cost of
0.33¢/kWh (in 1990 dollars).

In keeping with industry practice, labor and other variable cost savings are ignored in this
andyds. This practice has arisen first, because labor costs are very low relative to fuel and capital,
and, second, because the regulatory treatment of |abor cost recovery in the generd rate case cycle makes
savings difficult to estimate.

E.4 CAPACITY COST SAVINGS
E.4.1 Value of Capacity Savings

Thevaueof capacity isthe vaue associated with having additiona generating capacity available
to meet load increases. For utility systems with excess capacity, this value may be equal to or close to
zero. When cgpacity does have vaue, thisvdueis commonly measured by the cost of the margind investment
autility would make to expand system capacity, such as the purchase of acombustion turbine (6). This
investment adds reliability to the system even if it never operates, sinceit is ready to prevent outages
if another generating unit fails. If the utility chooses to build another type of plant with higher
capita cogts, such asabaseload coal unit, it must be basing this choice on considerations other than
meeting peak demand aone. Basdoad cod plants, for example, can have lower operating coststhan ges-
fired generation and can be used to displace generatorswith higher variable cost per kWh. The additiona
capital cost of acoal plant isthus not related to capacity aone but to energy benefitsaswell (7). The
use of capacity valuation based on the gas turbine proxy, therefore, has arationale behind it and is
widespread in the industry.

The additional coal plant capital cost, sometimes called energy-related capital, is contained
implicitly in the marginal energy cost described above. Consider a utility with a large number of
expendve oil and gas units on the margin and dwindling adjusted reserves. Such a utility would need
capacity to preserve the system's reliability at an acceptable level. It would also benefit from
ingaling abase oad unit that would reduce oil and gas consumption at the margin. Thisreduction in fue
costs compensates for expending capital in addition to the cost of acombustion turbine. A utility with
cod on the margin alarge fraction of the time would not have the same incentive and would probably
install a combustion turbine to preserve reliability.
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The utility will choose to have a baseload plant come on line when the present value of the
energy-related capital cost of the plant is just equal to the present value of the reduction in fuel costs
from the operation of the plant. The reduction in fuel costs and hence the incentive to build a basel oad
plant depend on the margina oil and gasfraction. Thus, the margind energy cost contains an avoided
capital component in addition to an avoided fuel component.

Thefollowing two rules are applied to determine the value of capacity for the year 1998 based on
DOE's interpretation of NERC data (8):

1. If the NERC region is forecast to have an adjusted reserve margin larger than 5% of
forecasted peak demand, there is no reliability value for capacity.:

2. If the NERC region isforecast to have a capacity deficiency (operating adjusted reserves
of less than 5%), the capacity value for the combustion turbine is applied.

After 1998, DOE has not calculated adjusted reserve margins and it is assumed that every region
will need capacity. Table E.1 shows the year that each region will need capacity based on these rules.

The cdculationsin this analysis follow standard industry practice developed for determining the
vaue of reductionsin peak load caused by cogenerators and other smal power producers (9). First, the
present vaue of revenue requirements is caculated for a combustion turbine based on its capital cost
($400 per kW in 1990 dallars), adiscount rate equd to the Utility rate of disadvantage or ROD (10.0%),
a fixed charge rate (13.0%),2 a turbine lifetime of 25 years, and the assumption of straight-line
depreciation. The calculation is repeated for each year of the analysis assuming no real capital cost
escalation for the combustion turbine. Next, the present values are spread over time using an economic
carrying charge (ECC). The ECC technique yields a current dollar stream of costs, escalating at an
inflation rate of 5% that has the same present vaue, when discounted at the ROD, asthe origina stream.
A stream of costs that escalates at the inflation rate is also constant in real terms, so this technique
levelizes the costs to some constant dollar value ($47.07 per kW/yr ain 1990 dollars). Thiscost isthen
converted to dollars per kWh of electricity savings by the method detailed in the next section.

E.4.2 Amount of Capacity Savings

t An equivalent rule of thumb for adequate reliability is that the overall reserve margin should equa about 20% of
forecasted pesk demand. Adjusted reserves are defined by DOE as [Planned Capacity + Net Power Transfers(in) - (Forced
Outages + Scheduled Maintenance + Other Outages) - Forecasted Peak Demand]. Overall reserves are defined as [Planned
Capacity + Net Power Transferg(in) - Forecasted Pesk Demand. This analysis does not account for the possibility that new
efficiency levels could cause a significant change in aregion's adjusted reserves, and hence change the date when capacity
is needed.

2The estimates of ROD and fixed charge rate have been cal culated based on current interest rates and the corporate tax
rate (34%) adopted in the 1986 tax revisions. The standard utility capital structure from EPRI is used (45% debt, 10%
preferred stock, and 10% common stock). Nominal costs of capital are 10% for debt and preferred stock and 13.4% for
common stock.
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An andysis of the load shape impacts of improved efficiencies for residential appliances must
congder both the magnitude and timing of the impacts relative to periods of high system |oads because
resdential class|oad shape changes only have reiability value for the system when they coincide with
timesof highsystemloads. Thisrelationshipisapproximated from modeding runsof the LBNL Hourly and
Peak Demand Model (10) and from two LBNL utility case studies (11), (12).

Therearelargebut varying degreesof coincidence between residentia peak loadsand system peak
loads. The case studies show that the average change in the 250 highest residential hourly loadsis a
reasonable measure of the system-level capacity value of appliance efficiency levels.

The results of these sudies also indicated that |oad shape impacts, measured as a conservation
load factor (CLF), vary in a predictable fashion across utility service territories. A conservation load
factor isthe annua average load savings divided by the pesk savings of the conservation measure (13).
Peak savingsare defined asthe forecasted differences between the average of the highest 250 hourly loads
before and after the appliance efficiency levels are implemented. The peak savings for residentid
gopliancesarecal culatedusingtheLBNL Residential Hourly and Peak Demand Modd . For the purposesof
thisandysdis, the U.S. is assumed to be a summer peaking system. While there are individua utilities
in the U.S. which are not summer peaking, these are unusua and, by and large, small.

Conservation load factors can be used to characterize the peak |oad impacts of hesting, cooling,
and baseload energy savings. More formally, a conservation load factor can be expressed as.

Annua Load Savings
Peak Load Savings

CLF =

Multiplying both numerator and denominator by 8760 hours gives:

Annua Energy Savings

Peak Load Savings =
CLF - 8760

Annua Energy Savings
Peak Load Savings

CLF - 8760 =

The pesk load savings can be expressed as afunction of the annua energy savings and the CLF. Another
useful form of this equation is as follows:

Annua Energy Savings
Peak Load Savings - 8760

CLF =

CLF - 8760 = kWh of energy savings needed to yield 1 kW of peak load savings.
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The conservation load factors used for dl products with aternative efficiency levels are listed
inTableE.2. Conservation load factors for mobile home furnaces, pool heaters, and direct heating
equipment are undefined as they do not contribute to savings in peak load.

Table E.2 Conservation Load Factors All Products Analyzed

Appliance Conservation Load Factor
Cooktop/Oven/Microwave 0.46
Room Air Conditioner 0.14
Pool Heater --

Direct Heating Equipment --

Mobile Home Furnaces --

Oil & Gas Water Heaters 0.89
Central Air Conditioner 0.15
Lamp Ballast 0.57
Clotheswasher 0.63
Clothesdryer 0.63
Dishwasher 0.76
Electric Water Heater 0.89
Refrigerator 0.89
Televison 0.95

Therefore, the cal culation of avoided capacity costs can be summarized in thefollowing equation:

Capacity Vaue
ARCoomi = ©03- 12 % ESF ;i
I CLFgy gy - 8760 !
where:
ARCgasdoad; = Avoided reiability costsin 1990 ¥MMBtuin year j,
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Capacity Value = vaue of 1 kW of peak load savingsin 1990 $/kW/yr,

0.3 = energy conversion efficiency including T&D losses,

CLFgasd0ad = conservation load factor for baseload appliances,

12 = reserve margin adjustment needed for adequate reliability,

Z‘.ESFBase,(mj = sum of baseload Energy Saving Factors for regions that need capacity in
year |.

Capacity savings are peak load savings for only those regions that need capacity in agiven year.
Load savingsin regions that do not need capacity contribute to deferring capacity additions in future
years, but this analysis does not account for the value of such deferrals.

Table E.3 Sums of Baseload Energy Savings Fractionsfor NERC Regions
That Need Capacity

Regions

Y ear Baseload Needing

ESF Capacity
1998 0.596 6
1999 1.000 9
2000 1.000 9

E.4.3 Avoided Transmission and Distribution Capital Costs

Recently, utility planners have begun to account for capital costs of the T& D system that can be
avoided by reductionsin eectricity use. There are awide range of estimates of such costs, depending
on the particular characteristics of the utility system and of the conservation programs and policies that
lead to such reductionsin dectricity use. Krauseet al. (14) review studies on this topic and settle on
arange for T&D savings of from $10 to $40/kW/yr. Krause et al. also cite reasons why thisrangeis
probably too low and suggest that further work will probably raise these values. For example, they cite
margind T&D cost estimates of nine different utilities that (on average) totaed more than $100/kW/yr.
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Weadopt thelower end of Krause et al.'srange ($10/kW/yr) asour estimatefor avoided T& D capitd
costs. We choose this lower bound estimate because of the substantial uncertainties in applying such
estimates (which are derived at the level of individua utilities) in national analyses.
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by the time the subject aternative efficiency levels take effect (1).

Regardlessof thesystem type, 11D systemswere considered for thisandysisto consist of threemain
subcomponents: ignitor device, control module, and ignition sensor. After discussions with equipment
maintenance companies, it was decided to assign negligible maintenance coststo theignitor components.
Thiswas based on the assumption that past problemswith hot surfaceignitors will disappear by the time
that the new efficiency levelstake effect for cooktops and ovens. Sensors and control modules were
considered separately in terms of maintenance costs.

D.3 MAINTENANCE COSTSFOR IID COMPONENTS

The maintenance costs for sensors and control modules were obtained directly from a survey of
equipment maintenance organizations in the San Francisco area:

Sensor replacement service call: $ 79
Control module replacement service call: $170
Total Cost: $249

These values represent the total amounts, in the year of the maintenance occurrence and in 1990 dollars,
that an appliance owner In the San Francisco areawould have to pay for replacement of adefective part.
The sensor and control modul e costs have been added above due to the unavailability of separate lifetime
information for sensors. Both sensor and control module were assigned the same lifetime as the control
module.

After obtaining the regiona (San Francisco area) cost of $249, alocation multiplier of (1/1.367
=).732wasusedto adjust thecoststo anational averagevaue, $182. The1.367 factor wasobtained from
aligting of location multipliersfor mechanica construction work cost estimation data by the R.S. Means
Company (2).

D.4 MAINTENANCE LIFETIME DISTRIBUTION AND PRESENT VALUE OF MAINTENATI

Maintenancelifetimewasestimated frominformation obtained from 11D manufacturersand not from
the survey results. This approach was taken because it appeared that 11D systems in particular were sill
evolving rapidly, and that the estimates for lifetimes obtained from services organizations would be
faulty if based on experience from the past.

The present vaue of maintenance cost for 11Ds was characterized in this analysis as the average
present value for al possiblefaluretimes. In order to achieve such an average, a probability density
function(PDF) of failuresover timewasgenerated based oninformationobta ned fromtel ephoneinterviews
with manufacturers of 11D control modules. A separate lifetime was not available for sensors, so the
lifetime for control modules was chosen for sensorsaswell. Conversations with service organizations
indicated that sensor lifetimes are probably shorter than control module lifetimes.
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Thefollowinginformationwasobta ned from conversationswith 11D control modulemanufacturers:
. Control module average lifetime was estimated to be on the order of 14 years.

. The average control module failure rate during the first year of operation was found to
be below 2.5%. Thevaue 2.5 wasused for thisanalysis. Falluresin thefirst year are
covered under warranty and do not represent a cost to the consumer.

. After 10 years of production, yearly 11D sales for the aftermarket (repairs) were
determined to be on the order of 5% of total yearly sales.

TableD.1 presentsatabular summary of the probability dengty function (Columns A and B) developed
using the above information. The values are calculated on the basis of unitary maintenance cost ($1), a
discount rate of 6%, appliance ingtdlation in year 0, and maintenance cost for an individua year equa
to $1 times the probability of failure for the year. The summation (in Column E) is calculated based on
an assumed lifetime of 18 years for gas cooktops and ovens. It does not include the cost of failures
occurring in the first year. Using the total cost of $182 (given above), the present value for 11D
maintenance is calculated as follows:

MC,, = $182 - ($.44/$1.0) = $81
The annualized maintenance cost (6% discount rate) derived from thisvalueis

MC,=MC,, - CRF = $81-.092 = $7.45/ year
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TableD.1 Calculationsfor Mean Lifetimeof 11D Units

Year After  Yearly Fraction of Present Value Average Present Valueof ~ Summation of Present
Purchase  UnitsFailing (F)  Discount Factor (f) Maintenance ($1-Ff) Vaue of Maintenance

Column A Column B Column C Column D Column E

1 0.025 na na

2 0.01 0.890 $0.009

3 0.01 0.840 $0.008

4 0.01 0.792 $0.008

5 0.01 0.747 $0.007

6 0.01 0.705 $0.007

7 0.01 0.665 $0.007

8 0.0175 0.627 $0.011

9 0.0275 0.592 $0.016

10 0.045 0.558 $0.025

11 0.0575 0.527 $0.030

12 0.075 0.497 $0.037

13 0.0875 0.469 $0.041

14 0.105 0.442 $0.046

15 0.115 0.417 $0.048

16 0.1225 0.394 $0.048

17 0.1275 0.371 $0.047

18 0.135 0.350 $0.047 $0.44
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Although individud firms must calculate according to their own elasticities of demand, it is ultimately
the industry elagticities that determine the level of demand experienced by each firm. This apparent
paradox arises because the model assumes that all firms are profit maximizers and thus respond in
essentially the same way to the imposition of new efficiency levels. Because of this assumption, al
firms change the prices and operating costs of their appliances by the same amount (i.e., the industry
actsin unison). When this happens, sales for each firm are determined by the industry easticities.

C.1.3 Measuresof Impact

The LBNL-MAM computes three primary and several secondary measures of impact. The
three primary measures, ROE, industry net present value, and net income are presented because they
can each move in oppoditedirections. For ingtance, if net income increases, but assets and thus equity
increase by a greater percentage, ROE will decline. If the decline is large, the net effect will be
viewed as negative, but if asmal decreasein ahedthy ROE is accompanied by alarge increase in net
income, the net effect might be viewed as positive. Other outputs of the model are total shipments,
price, revenues, and average wholesale price. These variables help explain the origins of changesin
the primary inputs.

C.1.4 Methodology
How Alternative Efficiency Levels Are | mplemented in the Model

Generadly, a change in efficiency levels affects the modd in three distinct ways.
Implementation of new efficiency levels require additional investment, raise production costs, and
affect revenue.

The most obvious investment induced by new efficiency levelsis the purchase of new plants
and equipment. Thiscost isfirst evaluated from engineering data and then amortized by taking into
account the life of the investment, the timing of the expenditures, tax laws, and the cost of funds. An
additional (and sometimes larger) investment is made as old inventory is replaced with more
expensve new units. The moddl assumesthat previous inventory ratios are maintained. A third form
of investment tracked by LBNL-MAM is the change in the transactions demand for cash that
accompanies a change in revenues.

Increased costs of production are modeled by coupling changes in unit costs with changesin
product shipments. Changes in unit costs come from engineering data and shipments data come from
LBNL-Residential Energy Model (LBNL-REM).

Revenue is affected both by price and shipments. Price is determined by computing the
markup over long-run margina costs, and then using the markup to determine an optimal price.
Shipments (demand) is determined by price elasticities and consumer market discount rates, coupled
with the changes induced by imposed efficiency levelsin price and operating costs.
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Typical-year Approach

The LBNL-MAM uses a "typical-year" approach rather than a dynamic approach. This
gpproach models a"typica year" for the industry both in the base case and in the aternative efficiency
level case. The year chosen for the model is typically the fourth year after the imposition of new
efficiency levels, and is sdlected because it is bdlieved to be long enough to capture any major impacts
from the imposed efficiency level, such as profitability changes or firm entry into or exit from the
industry.

Use of Prototypical Firms

Because the engineering and financial data for most firms are proprietary, LBNL-MAM
models a prototypica firm. A prototypical firm is a hypothetical firm that is representative of the
industry. In many cases, this firm must be thought of as representing an autonomous division of a
larger firm. Prototypical firms are defined by parameters that are important for determining the
impacts of dternative efficiency levels and are congstent with datafor the portion of the industry they
represent. Important parameters used in the model include the cost structure of the firms, profitability
ratios, relative costs of complying with new efficiency levels, and marketing strategies.

Product Segmentation

The LBNL-MAM assumes that the product market is segmented. Thus, different products
have different markups. In generd, it is found that appliance manufacturers are able to charge
different markups for products that have different characteristics. They can charge higher markups
on products that have desirable characteristics. Products without such desirable features are generaly
bought in larger quantities at lower prices by consumers who are more price-conscious, and thus the
markups for these products are lower. The per-unit profits made by manufacturers for these different
products may differ significantly.

C.2 STRUCTURE OF THE LBNL-MAM
C.2.1 Economic Theory and Assumptions

The basic question that LBNL-MAM must answer is. how much of the cost increases caused
by new efficiency levels can be passed through to consumers? If less than the normal pass-through
occurs, profitswill suffer, while an above normal pass-through will increase profits. To answer this
guestion precisely, it is necessary to compute a markup; but, before that, a more intuitive
understanding of the relevant economics will be useful.

In economics, costs are often divided into fixed and margina components where fixed costs

arejust what their name suggests and marginal costs are the costs of producing an additional unit of
output. Three points are true in genera of these cost distinctions:
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1. Under perfect competition, price equals marginal cost.

2. Under imperfect competition (i.e., where the market is characterized by a downward-
sdoping demand curve) price equals margina cost times a markup.

3. In neither case do fixed costs affect the calculation of price

The first point may be understood by assuming for a moment that it is false and that priceis
higher than margina cost. In thiscase, each firm concludesthat it is profitable to increase production
(since under perfect competition each firm knows that as an individual firm its own output has no
effect on price). Asaresult, prices would certainly fall. If price is below margina cost, the reverse
argument holds, so, in either case, price will inevitably change until it equals marginal cost. The
second point is derived in the next section. The third point is most easily understood by examining
Figure C.1, which shows a revenue curve and two total-cost curves that differ only in their fixed
components.

How will a firm respond to an increase in fixed cost (represented by the upward shift
displayed in the cost curve)? Since the firm wishes to maximize the difference between cost and
revenue, it chooses the optimal output Q*. This choice is clearly independent of the shift in fixed
cost, but once output is determined, the demand curve will dictate the price at which that output can
be sold. A changein fixed cost has no effect on the demand curve and thus no effect on price.

The separation of costs into fixed and variable must be done with an eye to the time horizon
under consderation, because most (if not al) costs that are fixed in the short run become variablein
thelong run. Three distinct time horizons are useful: the short run, the long run, and the very long
run. In the short run, the productive capacity of the firmsin the industry remains fixed. Inthelong
run, capacity may be adjusted, but the number of firms remains constant. In the very long run, firms
may enter or leave the industry, with the result that an individual firm's market power, as measured
by its price easticity of demand, may change. Thus, in the very long run, markup may change.

In the long run, price is a markup over long-run marginal cost, while in the short run, price
isamarkup over short-run marginal cost. Sincein the long run, capital is considered a marginal cost,
how can the two pricing rules be reconciled? If afirm finds that its long-run plans have been realized
(in other words, if the market conditions are those that it foresaw at the time it planned its

! Two legitimate interpretations may be given to this mathematical result. Thefirst isthat given the demand function,
margind cost determines price and fixed costs are not passed on. The second is that one may argue that fixed costsindirectly
determine the elasticity of demand, and thereby the markup over marginal cost. Thusfixed costs are indirectly passed on
through the markup of marginal cost. The mechanism providing this indirect link is the following: if fixed costs are not
covered, then economic profitswill be negative and some firms will leave the industry; this will reduce competition and thus
reduce each firm's elagticity of demand. Conversaly, if fixed costs are more than covered, positive economic profits will
induce entry and elasticity and markup over margina cost will be reduced.
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Total Revenues (R) and Total Costs (C)

Q Output (Q)

Figure C.1 Profit Maximization and Fixed Costs
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present capacity), then long- and short-run marginal costs will be equal. Thisis possible because
athough capital is not included as a short-run cost, there are other costs that are short-run cost but
not long-run costs. These are the costs associated with an increase in output beyond the planned
long-run capacity level. If aplant is running optimally, output has been pushed to the point that
short-run marginal costs equal long-run margina costs, otherwise a different size plant would have
been more profitable.

The next section gives a theoretical overview of the LBNL-MAM, followed by a derivation
of some important results and areview of their gpplication to the long-run model. Finally, we discuss
the short-run part of the model.

Theory and the LBNL-MAM

From our discussions with representatives of the appliance manufacturing industries and
industry consultants, we know that in appliance manufacturing, unit cost decreases as quantity
increases. Therefore, we know that there are fixed costs in the production of appliances.
Consequently, each producing firm does not face an infinite elasticity of demand because a small
increasein price charged will not result in a 100% loss of sales (because the increase in price would
induce entry of new competitors). Asaresult, we know that the appliance-manufacturing industry
is not perfectly competitive. Hence, the LBNL-MAM models typical firms as having a combination
of fixed and variable costs, and as facing a demand curve with finite elasticity.

The next section derives the equations relating markup, fixed costs, variable cost, and
economic profit. These relationships are part of standard economic theory, hence these derivations
areincluded for the convenience of the reader and not as an explanation of any theoretical results new
to this study. One exception to this disclaimer is the discussion on oligopsony power and the
"effective” number of firms. There is no generaly accepted theory on how to model a market
characterized by sgnificant market concentration on both the sdller's and the buyer's side. As aresullt,
we developed an approach that is discussed in greater detail below.

Derivation of Markup

To begin the derivation of the markup equation, assume that firms maximize economic profit,
where economic profit is revenue minus economic cost, and economic cost includes the cost of equity
and dl taxes. Economic costs (C) are assumed to be linear functions of output (Q) and revenues (R):

C =B, +BQ (C.1)

Although cost iswritten as alinear function of output, thisis not essential; a non-linear cost function
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would give a mathematically equivalent, but more difficult to express, result.?

Next, make the standard economics assumption that firms maximize economic profit (R-C).
Sincethe cost of capitd isincluded in economic cost, afirm with an ROE equal to the cost of capital
will find its economic profit to be zero. If, however, afirm can earn a higher ROE, it is assumed that
it will do so, inwhich case R-C will be positive. The firm can maximize profit by picking either a
quantity to produce (Q) or, equivaently, apriceto sdl it at, but it cannot choose both. The following
computations assume that profit is maximized with respect to Q. This gives the following first-order
condition:

%(R—C):O (C.2)

This equation completes the description of the supply-side assumptions. The demand sideis
described by an elasticity of demand which may vary, but which at the market equilibrium takes the
vauee. Eladticity of demand is the percentage change in demand caused by a 1% change in price P,
and consequently is negative. Mathematically, thisis expressed as follows:

Q. P

+ 5 °© (C.3)

All necessary assumptions have now been made, so al that remains are some mathematical
manipulations. From the two supply assumptions, and denoting dR/ dQ by R and dP/dQ by P’,
we have:

d
o[ R-B-PQ]-0 (C.4)
or equivalently:
R’=B, (C.5)
By definition:
R=P-Q (C.6)

2 |f we assume that cost is an arbitrary functionof Q, C(Q, R), our final result, will differ only in that the two types
of cost ( B,and B, ) will bereplacedby C-Q(dC/dQ)and dC /dR, respectively.
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R'=P-Q+P (C.7)

/_ P +P
@Q P (C.8)
P Q
P
R/=— + P
- (C.9)

Substituting for R" in the first order condition yields:

e
1l+e

P:

B, (C.10)

Inthislast equation, price is a simple markup over marginal cost. This result may be found
in any standard text on industrial organization. Now we define the markup:

e

M= (C.11)

Note that because the own-price elasticity (e) is negative, U is greater than 1. Of courseif e < = -1,
then p is undefined, since the firm makes more profit the lessiit sélls.

We can now rewrite Eq. C.10 to provide asimpler ook at the markup equation:

P = uB, (C.12)

Price formation can be explained as follows. margina costs are marked up by p and fixed costs are
not passed on at all.

It isnow easy to derive another representation of L which isused in the calibration stage of
the LBNL-MAM to estimate u from Eqg. C.1:
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(R-C)=R-B,-p,-Q (C.13)

Using Eq. C.6 with Eq. C.12:

R-P-Q-B,Q (C.14)
SO
(R-C)=up,Q-B,-B,Q (C.15)
and
(R-C) =(1-1)B,Q-B, (C.16)
Finaly,

M= 1+(RL)JrBO (C.17)
B,Q '
This equation shows that markup is economic income (R-C) plus fixed costs, all over total variable
cost. Thecdibration calculations of the long-run module uses a simple variation of this equation in
which ,Q is replaced by C-,, and the relation, R-C = EP, where EP is economic profit, is used
twice. The new form of the equationis:

EP+B,

Pl
R-EP-B,

(C.18)

Markup is determined by revenue, economic profit, and fixed costs. Generaly, it has been found that
fixed costs are large relative to economic profit, so the numerator is controlled largely by the fixed
cost. Thus, markup is primarily determined by the size of fixed cost relative to revenue.

Oligopsony Power and the “ Effective Number of Firms”

From an evaluation of the analyzed industries (for instance, see Chapter 4, Industry Profile,
of the Genera Methodology section), we see that the market structures of the industries are
oligopolies and model them accordingly. However, the situation is further complicated by the fact
that the demand side of the market is also heavily concentrated due to the presence of large retailers
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who have agreat dedl of market power.® In other words, we have an oligopoly facing an oligopsony.
Consequently, the standard oligopoly model needs to be modified. Unfortunately, there is no
standard theory on how to model an industry with such a market structure. After examining the
evidence of oligopsony, we go on to show how we incorporate this into the model.

Therise of large retailers in the home appliance industry is arelatively recent phenomenon.
They are generdly defined as multi-market large-volume retailers, which includes firms such as Sears,
Montgomery Ward, Circuit City, and Highland. For example, the home appliance retail share of
Sears and Montgomery Ward alone has been estimated to be about 30% for various products. One
indication of this oligopsony power isthat if theoretical markups based on the actual number of firms
inthe industry are estimated, we find that the markups are much too large relative to what we observe
in the market.

We address both the problems of oligopsony and of "over-estimated” markups by assuming
that the low observed markup is the result of oligopsony power and is an indication of the strength
of that power. Since afirm's markup isdirectly related to the easticity of the demand it faces, we can
find the angle-firm demand eadticity that corresponds to the observed markup. This same elasticity
isadsoimplied by the industry easticity and a Cournot oligopoly with some hypothetical number of
firms. This allows us to compute the hypothetical or what we refer to as the "effective" number of
firms from the observed markup. We then model the industry asif it were a Cournot oligopoly facing
acompetitive, not oligopolistic, demand for its product, but we use the "effective" number of firms
rather than the actual number of firms to reflect the impact of the oligopsony. The effect of thisis
to reduce the market power of the individua firm to agree with our observation of markup. Although
the reduced market power is a consequence of specifying too many firms, and not of modeling
oligopsony, we believe that it provides a good first-order approximation to the actual market
structure and provides a way around the intractable problem of modeling a market with imperfectly
competitive demand and supply sides.

We now show how markup is computed from economic profit and fixed costs, and how the
"effective’ number of firmsis computed from markup and industry demand elasticity. A well-known
result for a Cournot oligopoly is:

e=NF-e, (C.19)
where:
e = the firm elasticity of demand,
e = the industry elasticity of demand, and
NF = number of firms.

3 Theincreasing concentration on the demand side of the market also agrees with comments by the home appliance industry
during the comment for these and other appliances. For instance, see AHAM, "State of the AHAM to the Department of
Energy on Notice of Proposed Rulemaking on Energy Efficiency Standards for Clothes Dishwashers, Clothes Washers and
Clothes Dryers," CE-RM-88-101, October 10, 1989.
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We can solve for NF if the two elasticities are known. We have an estimate of e and can estimate
easfollows. From Eq. C.11, we know that:

e=—— (C.20)

We can find the markup, p, from Eq. C.12 if we know marginal cost f,. Margina cost can be found
from the firm's return on equity, its fixed costs, and the following price identity: ©/Q=P-f,+3,/Q,

where [3, is fixed cost and p denotes economic profit, which is equal to revenue minus cost. (This
isjust arestatement of Eq. C.13.) Noting that revenue, R, equals P-Q, we have:

P
u Z o— =
Bl o T (C21)

Thisgivesaformulafor markup p based on our most easily observed variables. Solving Egs. C.19
and C.20 for e, we can now find the number of firms, NF:

NF-—HE
CETY (C.22)

We find that given two elasticities estimated from actual data, NF is higher than the actual number
of firms observed.

To summarize, wefirst ook at atypica firm's profit and fixed costs. In order to recover fixed
costs, a firm must mark up over variable costs, and if it can mark up enough, it will make above
"normal" ROE. From these considerations, we find its markup. The markup indicates a firm's
industry demand elagticity and the effective number of firmsin the industry. We use it in subsequent
calculations.

The Base Case

In the long-run model module, the calibration case is immediately followed by long-run
calculations for the state of the industry in 1996 provided that the 1990 NAECA standards are
unmodified. These cdculations use the markup that is based on the one just calculated and modified
in keeping with the assumption that demand easticity with respect to life-cycle cost is constant. The
modified markup is calculated as in Eq. C.5 but from a modified price elasticity. The new price
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elagticity is obtained as follows. First, the original price and operating cost elasticities are used to
determine alife-cycle cost and an easticity with respect to that cost. A demand curve with constant
life-cycle cost elasticity is then computed. It takes this form:

Q - a (P+f-F)B (C.23)

where P is price, F is operating (fuel) cost, ff is the fuel-cost factor, and B is the elasticity with
respect to life-cycle cost. Then price and fuel cost are changed from the calibration case to either the
base case or along-run case. These changes shift the division of demand elasticity between the price
and operating cost. In particular, the price elasticity is given by:

B-P
P+ff-F

e =

(C.24)

As price increases as a fraction of life-cycle cost, the price elasticity increases.

The added costs to meet new efficiency levels are divided into two categories. capital, and
parts and labor. Capital costs comein two varieties, tooling and equipment. These are not currently
separated by the model because we do not have separate data from the manufacturers.  Since the chief
economic difference between these two is their expected life, the LBNL-MAM, in its amortization
procedure, uses an intermediate vaue for the lifetime of new capital. This procedure takes a one-time
capital expense and convertsit to an annua expense, taking into account the cost of debt and equity,
the tax laws, the lifetime of the capital, and the age of any capital being replaced.

Oncethe cost of capital has been annualized, it must be divided into fixed and variable parts.
The fixed part is then added to ., while the remainder is divided by Q and added to (3.

Since there are undoubtedly some economies of scale when parts are purchased, the
LBNL-MAM provides for adivision of the cost of parts and labor between the fixed and variable
categories. However, the savings generated by buying an additional 100,000 units above an initia
million, for example, will generally be so small that the cost of parts and labor will be referred to as
avariable cost and thus can be thought of as being added directly to 3,

Once base case costs have been assigned, priceis easily computed from Eqg. C.13, by using
the price elasticity calculated as described above. With the new price in hand, sades (Q) can be
computed from price and operating-cost elasticities. Revenue is now just R = P-Q, and economic
incomeisjust R-C. Assets arethose of the calibration case plus the new capital resulting from 1990
NAECA standards, and equity is computed from the debt-to-equity ratio. This calculation of equity
isthe last essentia calculation for the base case.
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The Long-run Analysis: Changed Alternative Efficiency Levels

The analysis of the long-run effect of a change in efficiency levels from their 1990 NAECA
level is essentidly the same asthe andlysis of the base case. New costs are divided between fixed and
variable categories in the same way and added to the base case costs. From there, the calculation
proceeds in exactly the same way as above.

C.2.2 Structural Assumptions

The cost structure. Costs are assumed to have two components: fixed and proportional to
quantity.

EC=FC+MC-Q

The asset structure. Assets are assumed to have the same two components.

A=Ay+A,;Q

Demand elasticity. The demand elasticity with respect to life-cycle cost experienced by a
gangle firm is assumed to be independent of price and operating cost over the relevant region. This
means that if the industry raises price, the percentage change in demand caused by a 1% changein
price remains the same as before the price increase.

Optimizing behavior. A firm is assumed to maximize revenue minus economic cost (R-EC).

Debt-to-equity ratio. The debt-to-equity ratio is assumed to remain constant while the firm
finances any investment necessary to meet new efficiency levels. It is generally assumed that firms
have some D/E ratio that they consider optimal, and there is no reason for new efficiency levelsto
change thisfigure.

Amortization of capital costs. It is assumed that the one-time capital cost is to be amortized
over itslife (typicaly seven years), that its cost is the weighted average after-tax cost of capital, and
that depreciation is straight-line over the tax life.

Sructure of cost resulting from changes in alternative efficiency levels. The cost of capital

is assumed to be partly fixed and partly variable (i.e., proportional to shipments). For instance, parts
and labor are assumed to be variable costs.
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C.2.3 Description of Modules

The LBNL-MAM isaLotus 1-2-3 spreadsheet that is organized into 9 sheets, each of which
is subdivided into a number of modules or “pages.” A flowchart depicting the main linkages between
the most important modules appears in Figure C.2, and a brief description of each is given below.
Starting with subsection C.2.3.1, each panel is given afull description.

A. Primary Page.

1.

Control panel. This module displays nine key variables and their control factors, plus
a summary of crucial results. The control factors are normally set to one, but can be
changed to test the model’s reaction to any of the control variables. The change in
resultsis immediately displayed in the lower part of the control panel.

Cost, sales, and revenues. This module uses prices, markups, market shares, and
industry shipment levels to compute variable cost of goods sold and revenues for a
single prototypical firm. Changes in operating cost, capital cost, and engineering
expense are a'so computed here.

Costs and assets of one-time investment. The one-time cost modul e derives amortized
costs from the one-time capital cost and one-time engineering expense associated with
the imposition of new efficiency levels.

Model and demand (long-run). This module does most of the economic calculations.
Its cdlibration phase estimates the markup over variable cost which is used to estimate
new prices once new efficiency levels have been imposed. These prices are then used
to compute sales, and, from sales, al other descriptive variables.

Short-run model. This module modifies the price computed by the long-run model in
order to take into account the possible short-run effects of excess capacity. An estimate
of the responsiveness of price to changes in demand during the business cycle is
combined with the change in demand predicted by the long-run model.

Monte Carlo. The nine control variables can be selected randomly from probability
distributions determined by the variables standard errors and median (estimated)
vaues. The Monte Carlo module is designed to record many such runs and display the
mean vaue and standard deviation of six outputs: percentage change in price, sales,
revenue, and net income, plus the change in ROE in the long and short runs.
Variation in Inputs. This module is similar to the upper portion of the control panel
(AL). It displays 20 inputs for the long-run model and their control factors. The control
factors are normally set to one, but can be changed to test the model’ s reaction to any
of the variables.

B. Industry Net Present Value. This module estimates the impacts of imposing new efficiency
levels using an industry net present value approach. This modul€e's functionality is exactly that
of the externally devel oped Government Regulatory Impact Model (GRIM). See C.2.6 for
more detalls.
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Linking Page. The integration of MAM and GRIM required some modification of input
variables due to the different ways the two models treat costs. This module aligns inputs for
the two models using cost comparison factors. See C.2.6 for more details.

Program. LBNL-MAM Primary Programming. The program flow is controlled through a
series of menus. The program performs the calculations for the various outputs of the model,
including efficiency level cost calculations, sensitivity analyses, and a Monte Carlo anaysis.

Outputs.

1. Accounting Summary. The accounting module gives a summary, in the form of a
amplified income statement, of the financial impact of aternative efficienc levels on the
firm. In addition, a summary of the financial impacts due to new efficiency levels from
an economic point of view is shown at the bottom of the page.

2. Output Table. The output page tabulates long-run variables, percent changes, and
standard errors from the Control Panel (A1) and Monte Carlo module (A6), and short-
run variables and percent changes from the Short-Run Model (A5).

3.  Chartsof Sengtivity to Control Pand Variables. This module produces two charts. The
first shows how profit is affected by a one-standard-deviation change in each of the
control variables. The second chart shows how profits change as the dternative
efficiency leve or engineering design level is changed, but all control variables are kept
at their base value.

4.  Chartsof Sengdtivity to Model Variables. This table shows how profit is affected by a
one-standard-deviation change in a number of secondary variables.

5.  Retail Price Output Table. Theseretail prices are produced as inputs for the LBNL-
REM.

GRIM Outputs. This module displays the results from the industry net present value
module/GRIM (B).

Other Inputs

1. Cost page sourceinputs. This module contains primary inputs and smple calculations
used as inputs for cost page (A2) calculations.

2. Finance source inputs. The financial module computes the weighted average cost of
capital and a factor describing how costs depend on revenues.

3. One-time cost source inputs. This module contains primary inputs and simple
calculations used as inputs for one-time cost page (A3) calculations.

Cost Inputs

1. Engineering cost input matrices. The engineering inputs module accepts as input raw
engineering data that are used elsewhere in the model for the impacts analysis. These
data include incrementa variable costs, capital costs, maintenance costs, installation
costs, and unit energy consumption for the products being analyzed.

2. Alternative Efficiency levd distribution matrices. This module weights the costs given
by the engineering inputs module in proportion to the number of products of a particular
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design that will be produced at any given efficiency level and thereby generates the costs
for that level. These costs appear in the standards level module (H3).

3. Cost inputs by alternative efficiency levels. The standards level module provides the
same data as the engineering inputs module, except that the data have been processed
by the LBNL-REM and/or the “Cost Conversion” module (H2) and are presented for
the efficiency levels being anayzed.

4. Retail price calculation module. This module provides estimates of retail prices of
appliances at different efficiency levels. The primary input for the retail price calculation
is the estimate of manufacturer prices.

Engineering Data. Raw engineering inputs are included on a separate sheet. These values are
processed by the Cost Inputs (G1) sheet before being passed to the rest of the model.

J. General Notes.
C.2.3.1 Control Pand

The control pand displays the ten most important input variables of the model and allows the
user to easily adjust them. These variables are described below. The input values are the best
available estimates of the relevant variables.

The control panel has one control for each input variable. The controls, found in the column
labeled cntrl, alow the input values to be modified to become the model values before they are used
by the modd. The controls work as follows: when a control is set to zero, its input value becomes
a model value without any adjustment. When a control is set to 1, itsinput value is increased (in
absolute value) by approximately one standard deviation to become amodel value. Because the error
distributions associated with the input values are not normal, they are not changed by exactly one
standard deviation when the control is set to plusor minus 1. A control value of + 1 actually changes
an input value by an amount sufficient to make it just as unlikely as a point that is one standard
deviation from the mean using a normal distribution. Consider an input value that is known to be
grictly postive and have a mean of 5 and a standard deviation of 3. Setting its control to -2, which
would otherwise change its value to -1 (an impossibility) actually only changesit to some small but
positive value. Thisvalue would be just as unlikely as a point -2 in anormal distribution.

The Variation column shows ether the standard deviation of an input variable if the variable
isnormally distributed, or the coefficient of variation (S.D./mean) if the input variable is non-normal.
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MAM Modules and Primary Routes of Data Flow
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At the bottom of the control panel is a short output summary, which shows the five key
output variables: shipments, price, revenue, net income, and ROE. The first column gives the output
vauesin the base case. The second column assumes some particular change in efficiency levels and
gives long-run values—that is, values that would hold after capacity adjustments (by about 2003).
The third column gives the percentage change from the base case to the aternative efficiency level
case for each of the five key output variables. The fourth column, labeled Previous Change, smply
lists the results of the previous run to use as a comparison with the results of the current run. The
fifth column lists the results from the short-run part of the model (i.e., the estimated output values
for the period immediately after the imposition of the new efficiency levels).

Thefollowing isalist of the ten key input variables that appear as control factors in the Control Panel
module:

The industry's price elasticity of demand (1PE),

The consumer discount rate (RD),

The market cost of capital financed through equity (ECC),

Economic profit: the industry's ROE minus normal ROE (EP),

The long-run fixed part of costs and assets (FCA),

The long-run fixed part of one-time costs and assets (F1X),

One-time capital costs resulting from the change in efficiency levels (CC.N),
Variable cost of goods sold after the change in efficiency levels (dV C.N)
The elasticity curve parameter of the demand function (ro.N), and

0. The short-run price response to demand (SRPR).

HBOoo~NoOa,r®WDE

C.2.3.2 TheMonte Carlo Module

This module estimates the standard errors of the six most important output variables by
randomly choosing the ten control variables in accordance with estimates of their standard errors,
running the model, and recording the six output variables. This procedure is repeated up to 400
times. Afterwards, the mean and standard deviations of the 400 computed values of each output
variable are computed and displayed near the top of the Monte Carlo module. The top row, labeled
Value, is the most recently computed random set of outputs.

Thefirst four output variables are the percent change resulting from new efficiency levels, in

output (Q), price (P) and revenue (R). The last three variables are changes in net income (NI) and
long- and short-run return on equity (ROE).

C.2.3.3 The Accounting Module

The Accounting Summary consists of a simplified income statement that is presented in
standard form, along with several key financial ratios and figures that highlight the firm's financia
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position. The income statement and financia ratios are presented for the calibration case and base
cases that include theimpact of the 1990 NAECA standards, and an aternative efficiency level case
that lists the firm's financia results under the alternative efficiency level being analyzed. Thus, the
financia impacts of the alternative efficiency levels are easily seen by comparing the two energy
efficiency scenarios. To highlight the results, a final column in the Accounting Summary indicates
the percentage change from the base case to the alternative efficiency level case.

A second table at the bottom of the Accounting Summary page lists financial data for the firm
using figures that are necessary for an economic analysis. Note that the assets and expenses are
broken down into two categories. fixed and proportional to quantity produced. These
proportiondities have economic sgnificance when the price markup is computed, and for that reason
they are reported separately in the economic analysis.

Table C.1 Accounting Module

Item Formula

Earnings Before Interest and Taxes EBIT = Revenue — Total Expenses

Total Expenses Does not include interest or taxes

Interest (Interest rate - Debt ratio - Assets) — Interest earned
on "Cash" assets

Taxes (EBIT —Interest) - Tax rate

Net Income EBIT — Interest — Taxes

Gross Margin 1 — (Variable Cost of Goods Sold/Revenue)

Return on Sales Net Income/Revenue

Return on Assets (ROA) (EBIT — Taxes— (Tax rate * Interest))/Assets
This calculation eliminates interest tax shield

Return on Equity (ROE) Net Income/Equity

Note that "one-time" (1-X) in the Accounting module refers to expenses incurred because of
the change in alternative efficiency levels.
C.2.3.4 TheEngineering Inputs Module

The Engineering Inputs module receives al the engineering cost data and energy consumption
datafor the product classes being analyzed. The datainclude the incremental variable cost, change

in unit energy consumption, maintenance cost, and ingtalation cost for each design option. They aso
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include the one-time capital costs incurred in meeting the imposed efficiency levels;, the module
assigns these costs to design options and product classes where appropriate or necessary. The
various components of the module are described below:

1.

10.

11.

Increment in Additional UVC (Unit Variable Cost): Engineering input data. Each
"increment” is measured relaive to the previous engineering design. The figures arein 1990
dollars.

Additional UVC above Level 0 cost (VCSE): "Additional" UVC is measured relative to the
1989 calibration case, which is shown as level 0. In other words, this table is a cumulative
version of the above "incrementa” table.

Cumulative Maintenance Cost: These engineering input data are the maintenance costs, per
year for each product class and engineering design option.

Annual Unit Energy Costs per Year: These engineering input data are the energy use per year
measured in 1990 dollars.

Total Annual Operating Costs (KWSE): These costs are the sum of cumulative maintenance
costs and annual unit energy costs.

Installation Costs (INCOST.E): These are engineering input data used for the calculation of
life-cycle cost.

Capital Costs (CC.E): These engineering input data are given on a per-unit basis amortized
(with zero interest) over seven years.

Additional Capital Cost (above Level 0 Cost)(ADD.E): This matrix translates the amortized
capital costsinto total one-time per firm capital costs.

Total Capital and Engineering Costs (CCEE.E): Thisrow isthe sum of the columnsin the
"additiond capita cost" matrix. Thus the CCEE.E matrix gives the combined added capital
cost for all classes of an appliance. The CCEE.E matrix contains the capital costs that are
used asinputsto the rest of the model. The Long-Run module calcul ates the average prices
for al classes and for each level.

Research and Devel opment Costs (RD.E): These engineering input data, when available, are
treated separately from other capital conversion costs.

Total Capital Conversion Cost, Excluding R&d (TCC.E): This matrix transates amortized
capita costsinto total undepreciated one-time per industry capital costs. Thisis used for the
industry net present value calculations.
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C.2.3.5 The StandardsLevels (“REM”) Module

The Standards Levels module provides the same information as the Engineering Inputs
module except that instead of listing the cost and energy data for various engineering design options,
it lists the data for the various aternative efficiency levels being analyzed.

The data that appear in the seven REM panel tables for each product—VCS.R, KWS.R,
INCOST.R, CC.R, ADD.R, RD.R and TCC.R—may correspond exactly to some specific engineering
levelsor, if it has been determined that the manufacturer, when faced with certain efficiency levels,
would use a mixture of engineering designs, then the "Standards Level Distribution Module"
appropriately averages the engineering data and places the results in the seven REM tables. The exact
mixtures of engineering options are determined by the LBNL-REM.

The top section of this module allows the user to determine what aternative efficiency levels
will be analyzed in a particular run. The module is used interactively by the user, who can choose
"levels’ LEV.B and LEV.N, which correspond to the Base case and Long-Run case, respectively.
The bottom numbersin the "Levin" matrix determine whether these levels will refer to "dternative
efficiency levels' or "engineering designs.” The top numbers specify the exact level or design.

The vauesin the "Levin" matrix determine what vaues are placed in the bottom two matrices
when the model isrun. For exampleif in"Levin,” LEV.B = 4 and S[E.B = 0, then the columns of
VCB, KWB, CCB, and INCSTB will contain data for the fourth engineering design option. Changing
S|E.B from 0 to 1 would cause al of these data to be replaced with data for the fourth efficiency
level.

C.2.3.6 TheCosts, Sales, and Revenue Module

Thismodule hastwo functions. First, it provides the Long-Run Model module with several
inputs; these are averages. Second, it uses many of the data from the input pages and processes these
data into prices, quantities sold, and revenue. These intermediate output data are then used in the
financia and economic summaries to give output results, which are used for the analysis of the impact
of implementing new efficiency levels. Table C.2 lists the equations that are used in the Costs, Sales,
and Revenue module.

In the aternative efficiency level case, the variables are named with a".N" suffix instead of
a".B" auffix. The"Totas' row gives the weighted average change in UV C (dVC.B), the weighted
average changein price, the new weighted average price (P.B), the firm's total revenues (3 (Ri), R.B),
the weighted average change in operating costs (OC%.B), and the total firm shipments (Q.B). P.B,
Q.B and R.B are actualy computed in the Long-Run module.

Thefirgt stage in this module is setting up the cdlibration case, which uses known information
about industry shipments, product class market shares, prototypical firm market shares,
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TableC.2 EquationsUsed in the Costs, Sales, and Revenue M odule

ltem

Calibration Case Formula or Definition

Size
Industry Shipments
Relative Shipments (Q%)

Shipments (Q.1)

Price (P.1)

Revenue (R.1)

Markup (M.1)

Unit Variable Cost (UVC.1)
Weighted UVC

New Shipments (Qi.B)
Rule-of-Thumb Changein Price

Rule-of-Thumb Revenue

AlphaB

New Price (Pi.B)

New Revenue (Ri.B)
Operating Cost Ratio
Weighted Operating Cost Ratio

Percent Change in Operating Cost
(OC%.B0)

Prototypical firm market share
Annual industry shipments for a product class

Product class market share
(product class units sold/total units sold)

Product class shipments for a prototypical firm
Unit Variable Cost (UVC) - input markup (MU.O)
Price - Shipments

1 + (P.1- BB)/AA

P.1/M.1

Q% Q.B

M.1 - (change in UVC + change in variable part of per
unit investment costs)

(P.1 + Rule-of-Thumb dP) - Qi.B

Scaling factor to insure ZRi.B =RB

P.1+ (1- AlphaB - Rule-of-Thumb dP) - Rule-of-
Thumb dP

Pi.B - Qi.B
1996 UEC/1990 UEC
Operating Cost Ratio - Relative Shipments

. Wtd Operating Cost Ratio - KWHR - 1
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markups for each of the product classes, and baseline unit variable costs to calculate the prototypical
firm's shipments for each product class, its cost of goods sold, and its revenue. Also calculated are
aweighted-average unit variable cost, selling price, and markup. Markup is calculated from data on
the ratio between the highest and lowest markups (ratio) and the typical markup (mid).

The next stage in the Costs, Sales, and Revenue Module calculates the changes necessary to
produce the base case and the dternative efficiency level case* The calibration case is used as a base,
and the changes in unit variable cost and unit energy consumption are received from the Standards
Level cost inputs module. From these inputs, new unit variable costs and prices are calculated for
each of the product classes. The model then uses known price elasticities and discount rates to
calculate changes in shipments for each of the aternative efficiency level cases. For each of the
efficiency level cases, the modd calculates the firm's new shipments, revenue, and the
weighted-average change in unit variable cost and price.

The manufacturer markup listed in the pandl is used to calculate the baseline model prices, but
itisnot used in calculating the manufacturer prices for the dternative efficiency levels. I1n these cases,
LBNL-MAM uses an economic markup to determine prices.> This markup is on economic variable
costs, which are a broader category than the typica business definition of variable costs. The markup
varies depending on price elasticities, discount rates, and changes in prices and operating costs at
different efficiency levels. Thus, prices at different efficiency levels do not exactly reflect the
manufacturer cost times the manufacturer markup.

C.2.3.7 TheFinancial Module

The Financial module lists the financid characteristics of the prototypical firm being analyzed.
Some of the inputs are used to calculate intermediate outputs of financial characteristics of the firm.
Thefinancid inputs and intermediate outputs are then used e sewhere in the model when the impacts
of new efficiency levels are calculated. Table C.3 gives the formulas used in the module.

Several variables in the Financial module are not related to alternative efficiency levels and
thus require explanation. First, in order to make the model adjustable to a particular point in time
when the size of the firm may be different from what it was in the year in which the data were
collected, some of theinputs are listed as ratios proportional to revenue. For instance, the historical
ratio between depreciable assets and revenues for the cooktop manufacturing industry (called DA:R)
is0.37. Thisisused by the model to compute a value for depreciable assets at some typical year in
the future after efficiency levels have changed by multiplying DA:R by revenue in that year.

% The base case dlowsthe andysis of intermediate efficiency levels or other aternate efficiency level analysis scenarios
in addition to the new efficiency level case scenarios. For the purposes of this analysis, the base case is identical to the
calibration case.

® For athorough description of how markups are derived and used in LBNL-MAM, see C.2.1.
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Table C.3 Financial Module

Item Definition Formula

DR [ER] Debt [Equity] /(Debt+Equity)

DRR Depreciation Average depreciation rate -
depreciable assets (expressed as a
percent of revenue)

ECC Equity cost of capital

PECC Pre-tax ECC ECC/(1 - Tax Rate)

WACC Weighted average CC DR Interest rate + ER - PECC

ATWACC  After-tax WACC WACC - (1 - Tax Rate)

ROE Return on Equity (expected ROE for a ATWACC + Economic Profit

prototypical firm)

A complication may occur if avalue changes in proportion to revenue between now and the
typica year, but under efficiency levels which have been implemented it is expected that a portion of
the value will remain proportiona to revenue while another portion of the value will not change with
revenues because of the change in efficiency levels (i.e,, it is "fixed"). In this case, that value is
andyzed ashaving a"varigble’ and a "fixed" component, where "variable" and "fixed" are used with
respect to a change in efficiency levels.

C.2.3.8 TheOne-Time Cost Amortization Module

Crucid to the manufacturer impact analysis are the capital costs that the industry will incur
because of the change in imposed efficiency levels. This module takes as input from the Engineering
Analysis the estimate of the total value of the one-time capital costs and reduces them to annual
expenses. To annualize (or "amortize") these costs, the module takes into account: the expected life
of the new capitd, the tax life of the investment, the weighted average cost of capital, and the timing
of the investment relative to any capital that is being replaced.

The amortized capital costs are calculated for the change from the calibration case to
whatever efficiency level caseisunder consderation. Also, the average value (over the amortization
period) of the new capital is computed. Two important factors are derived here, the gross tax effects
and the levelized capita cost factors.

Both calculations are based on a model of investment where new capital will be paid for
according to the CC SCHEDULE. This schedule gives expenditures for the four years previous to
1993; these expenditures are assumed to occur at the middle of each year. They are assumed to be
financed by debt and equity in the firm's normal debt-to-equity ratio.

Tax benefitswill accrue over the tax life of the capital. Some part of the capital expenditure
(commonly 50%) is assumed to be for new plant and equipment that do not take the place of existing

Page C-24 Volume 1: General Methodology



capitd; the remainder is assumed to replace inadequate existing equipment. The replaced equipment
is assumed to have had the same potential lifetime (L) as the replacing equipment and is assigned a
certain age. If the new equipment replaces old equipment that would soon have needed replacing
anyway, savings are included at the time the naturd replacement would have occurred. Because these
savings are not tax-related, they reduce initia capital cost but are not calculated under tax effects.

The computed annualized cost tells what constant real dollar payment would need to be made
each year in order that at the end of the capitd's useful life al of the issued debt could have been paid
off, and all of the issued equity could have been repurchased.® Since imposed efficiency levels are
assumed to last indefinitely, new capital will need to be purchased at the end of this cycle; but of
course the next cycle starts with a clean date and repeats the same process we have just described.
This process can repeat indefinitely with no change in amortized payments.

This procedure overestimates the burden to the firm because, since industry is constantly
improving the efficiency of product lines, those lines would undoubtedly be much nearer to meeting
the implemented efficiency levels by the beginning of the second cycle. Thus, much of the capital
equipment re-installed at the end of the first capital's lifetime would have been a normal expense by
this date (around 2001). For the interested reader, the details of the calculation method are given in
Table C.4.

Table C.4 should be read in conjunction with the One-Time Cost Amortization module. Note
that the calculations are all done with continuous interest and discount rates, which makes it
necessary to convert ATWACC to a continuous equivaent cost of capital (ATR) by taking the natural
log of (1 + ATWACC). The continuous rateis equivaent to, and for smdl ratesit is numerically close
to, the annual rate. The continuous time formula for the present value of $Y received t yearsin the
futureis Y - exp(-rt), wherer is the discount rate and exp denotes exponentiation. For a constant

stream of income at $Y per year for L years, the present valueis Y - (1 - exp(-rL))/r.

The most important output of this module are the capital cost amortization factor CCLF and
the capital cost levelization tax factor CCLTF. CCLF includes the initial cost (normalizedto 1 in
order to produce a cost factor instead of an actual cost) and the present value of savings from not
replacing old capital at the end of its normal life if it has already been replaced with new capital to
meet new efficiency levels. These two present values are converted to an equivalent constant stream
of payments that continues for the lifetime of the capital. CCLF is calculated to take into account the
fact that investment must start before the implementation of new efficiency levels. The capital cost
levelization tax factor CCLTF smilarly levelizes the present value of the tax benefit from straight-line
depreciation of theinitid cog, the tax benefit from the one-time depreciation of the old capital when
it isscrapped, and the loss of tax benefit from the old capital after it has been scrapped. The formula
for these equations are shown in Table C.4.

® Of course tax benefits are counted toward elimi nating debt and equity.
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TableC.4 One-Time Cost Amortization Module

Item Definition Formula

T Tax rate (36%)

TL Tax life of existing capital

L Economic life of existing capital

AGE Age of exigting capital

%NC Percent of onetime capital that is add-on (not

SO L. . . L1 1 OO

RTL Remaining tax life max (TL - AGE, 0)

ATR Continuous after-tax weighted average cost of capital*  In(1 + ATWACC)

EM RT e—ATR'TL

EMRL ghTRE

BN Tax benefit rate T/TL

BEN Tax benefit of existing capital (1-9%NC) - BN

DIS. o PVdiscountfactor & T .

CCi* Capital cost | years before effcy levels have been
implemented

CCWi* Weighted CC lead-time factors CCi - gATR'D

LIC e, Cumulative CC lead-timefactor ... ... Sumof CCWi over4dyears ...

OCs Savings from old capital not replaced later -(1- %NC) - gATR(--ACH

pvCcC* Present value of capital cost (CC) 1+0CS

CCLF CC amortization factor ATR-PVC-LTC/(1- EMRL)

PVD* Tax benefit of straight-line depreciation -BN - (1-EMRT)/ATR

LEC1 Loss of tax benefit on existing capital BEN - (1 - e*™RT)/ATR

LEC2 Loss of tax benefit on discounted existing capital inthe DIS- BEN - (1- e*™™)/ATR
future

OCTL* Loss of tax benefit from existing capital -(LEC1 + LEC2)

LTB* 1X depreciation of existing capital (1-%NC) - RTL - BEN - ATR - LTC

CCLTF CC levelization tax factor LTB + (ATR-LTC- (PVD+OCTL))/(1 -

OO =/ o) BSOS

AFB Asset Factor for any new capital or asset 1-ATR-L-EMRL /(1-EMRL)

1-EMRL

AAE Aversgeasstfector . WNCAFB |

LCCB Gross levelized 1-X CC, base CCLF-CC.B

LCC.TB Levelized 1-X CC tax effect, base CCLTF-CC.B

LAB Levelized 1-X assets, base AAF-CC.B

GLCC.N Cost comparison factor for net present value
cdculations

LCC.N Grosslevelized 1-X CC, new (CCLF-CC.N) + GLCC.N

LCC.TN Levelized 1-X CC tax effect, new CCLTF - (CC.N + (GLCC.N/CCLF))

LAN Levelized 1-X assets, new AAF - (CC.N + (GLCC.N/CCLF))

* Not avariable used in the model. Provided here for ease of exposition.
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Because capita depreciates, its average vadue islower than itsinitial value. In order to derive
the factor AAF, by which the initial value should be multiplied to arrive at the average value, it is
necessary to account for the exact path by which the capital depreciates. Since the value of a piece
of capital is, at any time, smply the present value of its future income stream, the value of the
depreciated capita as afunction of time can be found from the stream of income that the capital will
generate. If that stream has a constant flow for a period of L years, then the depreciated value of a
unit of capital is:

1-e -r(L-t)

DR ==~

Now if that capital is held for aperiod of L years, it islogical to ask what the average value of the
asset isover the L years. Because of discounting, a unit of capital now should weigh more heavily
than a unit of capitd later. Thisis properly taken into account by requiring the following equivalence:

PV (DF(t)) =PV (AAV)

where PV() isthe L-year present value operator, and AAV is the average asset value corresponding
to DF(t). Thisequation can be solved for AAV, to find the following:

1 [ et

AAV =
1—e’rL[ 1-e ™

This is the average asset factor for the productive income of any new capital or asset. In
order to get the factor we want—the average asset factor for add-on capital—we must multiply AAV
by the fraction of one-time capital that is add-on rather than replacement capital, %oNC.

At the bottom of the One-Time Cost Amortization module are found the capital costs for the
base and long-run levels, and its coefficient of variation. The three factors just derived, CCLF,
CCLTF, and AAF, can be applied to CC (for either the base case or long-run case), to derive the
amortized outputs LCC, LCC.T and LA, respectively.

C.2.3.9 ThelLong-Run Model Module

The Long-Run Model module is the heart of the LBNL-MAM. It does al of the
computations concerning atypica firm'sbehavior. It proceedsin three stages. The calibration stage
uses data on present costs and profit to estimate the firm's markup. The second stage estimates the
industry's current situation. The third estimates a typical firm's situation with more stringent
efficiency levels. A detailed discussion of the economic assumptions and results used by this section
may be foundin C.2.1.

Notation. The following naming conventions have been followed for the variables in the

Long-Run Model module and generally throughout the LBNL-MAM. The suffixes .Fand .Q, are
used with variables that measure an asset or a cost that is fixed or proportional to sales, respectively.
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The suffixes .B and .N refer to the base case and the alternative efficiency levels, respectively. A
combined suffix such as .BF has the naturd interpretation (i.e., afixed variable in the base case). The
most important variable names in the Long-Run Model module are A for assets, TC for total cost
excluding taxes and the cost of equity, EC for economic cost (including taxes and equity), El for
economic income, and mul for markup above marginal cost, u- 1.

Calibration. The calibration stage estimates atypical firm's markup over unit variable costs
using the following basic economic equation:

(Fixed Cost + Economic Profit)

Marku
P Variable Cost

(In this equation, fixed and variable cost are components of total cost and are not per-unit costs.)
Economic Profit is the difference between ROE and the equity cost of capital, both of which are
obtained by observation. Fixed and Variable Costs must be deduced from accounting data and from
information on economies of scale in the industry.

Assets and costs in the calibration stage are both represented as proportions of revenue, so
firmszeisirrdevant. Thismeans, for ingance, that fixed and marginal costs are not given as dollars
and dollars per unit, but instead, total fixed and total marginal costs are described as a fraction of
revenue.

Depreciable assets are divided between fixed and margina according to the input parameter
FCA, the "fixed part of costs and assets." Cash and inventory and receivables are classified as
proportional to revenue.

Now consider total costs (i.e., thosethat are tax-deductible). FCA is aso used to determine
the proportion of fixed (total) costs in revenues. All other costs are marginal, and their amount is
deduced from the firm's rate of economic profit.

Because the costs so far are tax-deductible, but revenue is taxable, economic fixed costs are
given by the following formula

EC.F=(1-T)- TC.F+A.F-ER-ECC

where T isthe tax rate, ER isthe ratio of equity to assets, and ECC isthe cost of assets. In
principle, we could now estimate marginal economic cost (EC.Q) directly and use this value to finish
our analysis. However, because costs cannot be measured accurately enough, there could be
congderable error in theimplied vaue of economic profit and thus in markup. (Typically a5% error
in totd estimated cost will cause a10% error inimplied economic profit.) It is much better to deduce
margina economic cost from economic profit, because economic profit is reatively well-known. This
approach gives us the equation for economic marginal cost:
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EC.Q=1-EC.F-T-EP-ER-AR

where EP isthe rate of economic profit, and A:R isthe ratio of total assetsto revenue.

Now the markup is easily computed using the formula given at the beginning of this section
on calibration and the model is ready to analyze the base level of adternative efficiency levels.

Thebase case. The base caseis an analysis of what may happen in the current period. The
variablesin both the base case and the alternative efficiency level case give fixed costs and assetsin
dollars and variable costsin dollars per unit. Since most calibration case costs and assets are reported
as a percent of revenue, those values are multiplied by revenue to get their base case counterparts.

Most base case variables are the same as the calibration case unless we are analyzing the
impact of any possible interim efficiency levels. In that case, new variable costs due to the interim
efficiency level are added into TC.Q, and levelized one-time assets are added into the total asset
calculation. Economic costs are computed from A and TC as before, except for the addition of
amortized capital costs (LCC), which are divided between fixed and variable according to the input
parameter F1X.

In addition, an adjustment is made for the changing level of working capital as revenue
changes. The following working capital corrections are calculated:

WCA.B =Tota working capital correction (assets) =DVC.B-QIR:R
WCCEC.B =Working capital correction (per unit EC) =(WCA.B-ATR)/Q

WCCI.B =Total working capital correction (interest) = WCA.B-|
These corrections are added to the calculations for A.B, EC.BQ, and TC.B, respectively.
The alternative efficiency level case. For the case of changesin efficiency levels, new values
of dVC (the changein variable cost), LA, and LCC are used. The formulas contain several terms not
included in the base case calculations. These terms alow the model to converge when the industry

net present value module is run (see Section C.2.6). When the industry net present value modd is
not being run, these terms are equal to zero.

The remaining descriptive variables. For the calibration case, most of the remaining

descriptive variddles, Q, P, R, UVC, TC, A, and ROE are known because they are inputs or have been
computed. The others are obtained as follows:

Variable Cost of Goods Sold = VCGS = UVC-Q

Interest, Not 1X = IC = |-DR-A-C:R-R-(I-1Cash)
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Pre-interest Cost = PIC

TC-IC

Pre-tax Cost = PTC

TC

Taxes = TAX = (R-TC)-T
Equity = EQ = ER-A

Economic Income = EI = NI - ER-A-ECC and

Net Income = NI = R-TC-TAX

For the base case the above formulas hold with the exception of the one for NI, but several other
descriptive variables must be computed. Their formulas follow:

QB = QRO.BY™ = ae Xro+be-(life cycle cost)®

pp . (Ml+1)-ECBQ
(1-T)

RB = QB-PB
UVC.B = UVC+DVCB

VCGS.B

UVC.B-Q.B

1X depreciation X1D.B = ?

1X interest = X11.B = LA.B-DR-I-LTC
1X equity cost = X1E.B = LA.B-ER-ECC
1X tax benefit = X1T.B = LCC.TB
ICB = I-DR-(A.B-LA.B) - C:R-R.B-(1-ICASH)

PICB = TCB+X1D.B-IC.B
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PTC = TC.B+LCC.B

TAX.B

(RB-TC.B)-T-X1T.B
NI.B = RB-PTC.B-TAX.B

EI.B - NI.B-ER-(A.B-LA.B)-ECC-X1E.B

EQ.B-ER-A.B

ROE.B-ECC+ E-B.
EQ.B

Q.B is calculated from the life-cycle cost using a constant easticity of substitution (CES)
demand function. Xro is a linear term calculated from the calibration case, and ae and be are
parameters. The descriptive variables for the changed efficiency level (long-run) case are computed
in exactly the same way as the corresponding variables in the base case, with the exception of TAX.N,
which includes a convergence factor for the industry net present value calculations (see Section
C.26.)

C.2.3.10 The Short-Run Model Module

During arecession an gppliance manufacturing industry will typicaly face a substantial decline
in demand for its product, which will usually cause increased price competition within the industry,
with a consequent fall in price. By regressing price on quantity sold and on a time trend, we can
estimate the industry's "short-run price response to demand" (SRPR). The LBNL-MAM uses this
variable as an input to the Short-Run Model module. From SRPR, the short-run impact calculation
proceeds asfollows. Assume for explanatory purposes that demand has fallen because of the change
in efficency levds. From SRPR compute theimplied fdl in price resulting from this unexpected drop
in demand. At this new price level, compute a new level of demand that will necessarily be alittle
higher at the new lower price than at the previous higher price. Now take the new estimate of the
level of (and change in) demand resulting from new efficiency levels and repeat the calculations.
After five or fewer repetitions of these calculations, our estimates will converge to a stable answer.
At this point, the price correction exactly agrees with the estimated fall in demand, and the estimated
demand agrees with the price. At no other values of price and quantity would this be true.

Once price and quantity are known, al other variables are easily computed using procedures
that have already been described.

C.2.3.11 Sensitivity ChartsModule
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This module produces a chart which shows how profit is affected by a one-standard deviation
change in each of the Control Panel variables. These changes are all made with the alterantive
efficiency level set to its middie value.

C.2.3.12 Engineering-to-Standards Cost Conversion Module

This module weights the costs given by the engineering analysis for each design option in
proportion to the number of appliances of a particular design that will be produced at any given
efficiency level and thereby generates the costs for that level. These costs appear in the Standards
Level Module.

C.2.3.13 Industry Net Present Value Module

The LBNL-MAM includesthe current version of the Government Regulatory Impact Model
(GRIM Ver. 1.2) to cdculate theimpact of aternative efficiency levels on industry net present values.
The integration of this externally developed model into the LBNL-MAM required the resolution of
anumber of issues. These are covered in more detail in Section C.2.6.

C.2.4 Modd Inputs
C.2.4.1 Input Generating Assumptions

Many of the necessary input data are not publicly available and so have been estimated from
available data or estimated from averages of subjective estimates made by industry representatives.
This section describes the various origins of LBNL-MAM's data

Cost data. All cost data are provided by the Engineering Analysis.

Elasticities and discount rates: Industry price elasticity and consumer discount rates are
supplied by the LBNL-REM.

Financial data. Financia data are collected from publicly available sources such as Vaue
Line, Standard and Poor's, Moody's, and company reports. The data are often for firms whose
operations in the industry under consideration are only part of the firm's total business operations.
It is assumed that the relevant division is similar to the firm as awhole.

Amortization data. New capital has a seven-year amortization lifetime. Vauesrelating to
such issues as taxation are displayed in the spreadsheet and are generally derived from historica
discussions with industry representatives. The timing of capital costs come from the Engineering
Anayss.
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Fixed and marginal costs and assets. Some costs increase in proportion to shipments, and
some are fixed. Industry representatives indicate that the bulk of costs and assets are proportional
to shipments. The specific vaues are shown in the Control Panel.

The following sections list and describe the inputs used by the model.

C.2.4.2 Control Factorsin the Control Panedl

Industry price dasticity. Industry price elasticity measures the way a change in the average
industry price for aproduct will affect the industry's shipments. For example, if the price of a product
increases 4% and shipments drop 2% as a result, the price elasticity is -0.5. Because imposed
efficiency levels will cause the prices of products to increase, this input is obvioudly crucial in
determining the impact of new efficiency levels on manufacturers.

Consumer discount rate. The consumer market discount rate is a measure of how much
consumers value future operating cost savings from energy-efficient design options. Because new
efficiency levels mandate more efficient products that will have lower operating costs, this input will
affect consumer demand and is therefore important in determining the impact of new efficiency levels
on manufacturers.

Equity cost of capital. Thisistherate of return expected by equity shareholders. Thisfigure
isinred terms (i.e., with inflation subtracted). It is an after-tax rate, which means that it is the rate
of return the company must earn for its shareholders after its taxes have been accounted for. Data
values come from calculations using standard finance equations and public financial data.

Economic profit. Economic profit isthe profit earned by afirm above its expected return on
equity. In other words, it isthe profit earned after all costs are taken into account, including the cost
of equity (the market rate of return). A firm makes economic profit only when it has some degree
of market power.

Long-run fixed part of costsand assets. Thisfigure is the portion of all costs and assets that
isfixed over time, that is, which does not vary with quantity sold or with revenue. It is expressed as
a percent of the base case costs and assets. From an economic standpoint, this figure is important
for determining the impact of new efficiency levels on manufacturers.

Long-run fixed part of one-time capital cost. Thisfigureisthe portion of one-time capita
coststhat isfixed in the long run. Although al capital costs are normally considered fixed in the short
run, this portion of the capital costs is spent regardless of the output capacity of the tooling
purchased. The other portion of one-time capital costs varies proportionally with the output capacity
of the new equipment.

One-time capital costs. Some of the design options used to meet the increased efficiencies
mandated by the alternative efficiency levels require additional capital investment in the form of
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retooling, new equipment, or other capital expenditures. The "one-time capital costs' figure
represents the capital costs expended to meet a specific efficiency level being analyzed; this number
covers all products in a product type and is an input from the Engineering Inputs module.

Unit variable cost increase. This number is the shipment-weighted average increase in unit
variable cogts incurred by the manufacturer in meeting new efficiency levels. The incrementa variable
cost includes raw materials, direct labor, purchased parts, and increased transportation costs. This
number is an input from the Costs, Sales, and Revenues module.

Elasticity Curve Parameter. This parameter of the CES demand function determines the
shape of the demand curve. Changing the value of ro permits specifications other than constant
demand elasticity (ro=0.)

Short-run price response to demand (SRPR). When industry demand falls by Y%, price will,
in the short run, fal by SRPR - Y%. Thisresponse is expected to die out within afew years, and Y%
should be less than 20% when SRPR is used.

C.2.4.3 Engineering Data

Incremental unit variable cost. The incremental unit variable costs are the variable costs
associated with design options that increase a product's energy efficiency. Thisinput differs from the
variable cost increase input for the Control Panel (Section C.2.3.1) in that it lists incremental variable
costs for each design option for each product class of the product type being analyzed, rather than
agngle shipments-weighted average number. The increased variable cost includes costs such as raw
materias, direct labor, purchased parts, and increased transportation costs. The data also comein
the form of atable that lists the incremental variable cost for each product class for each of the
efficiency levels being anayzed.

Maintenance Cost. This data comes in the form of a table which lists annua maintenance
costs for each product class at each engineering design option. Maintenance costs are measured in
dollars per year.

Unit energy consumption (UEC). Unit energy consumption is the annual energy cost (in
dollars) of aproduct. Theinput data come in the form of atable that lists the UEC for each product
class for each design option (and alternative efficiency level) being analyzed.

Installation costs. The cost (in dollars) of installing each product class for each design level
isprovided in tabular form. Installation costs are incurred by the purchaser at the time of purchase
and are part of the life-cycle cost of the product.

Capital costs. Some of the design options used to meet the increased efficiencies mandated
by the dternative efficiency levels require additional capital investment in the form of retooling, new
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equipment, or other capital expenditures. Thisinput is given asatable listing the cost associated with
each design option that requires a capital expenditure. The input is also given in atable listing the
total capital expenditure for the design options used to reach each of the various efficiency levels
being andyzed. The capital cost input covers al product classes within a product type, unless noted
otherwise. The one-time capital costs resulting from imposed efficiency levels generaly vary with
the size of the manufacturer. If more than one size of manufacturer is being analyzed for a product
type, then input data for all sizes being anayzed are included.

C.2.4.4 Costs, Sales, and Revenues

Industry shipments. Industry shipments are annua shipments for all classes of the product
type being analyzed. These inputs are actual data for a calibration and base case and long-run
estimates for each of the aternative efficiency levels being analyzed. The long-run shipments
estimates are based on projected product price increases and product price elasticities and market
discount rates which are based on forecasts provided by the LBNL-REM.

Product class market shares. Each of the classes within a product type has a"market share"
of the shipmentsfor that product type. For example, coil element electric cooktops comprise about
half of al cooktop shipments. The product class market share combined with the total industry
shipments give a breakdown of annual shipments by product class.

Manufacturer market share. Each of the prototypica firms in the analysis is assigned a
market share appropriate to that segment of the industry. For example, five large room air
conditioner manufacturers may each be assigned a 20% market share. The manufacturer market
share, combined with the total industry shipments, gives a firm's annua shipments. This figure,
combined with the product class market shares, gives a typica firm's annual shipments for each
product class.

Markups. The markup is the figure used by the manufacturer to determine the firm's selling
price for a particular product. It is an increase over the unit variable cost of that product, and it
covers overhead, capital costs, and profit. In some industries, manufacturers use different markups
on different product classes. The markup input lists the markup used for each class in the product
type being analyzed.

Initial prices. Thisinput is the basdine manufacturer's selling price per unit for each product
class. Added to the baseline unit price are the incremental costs of reaching the higher efficiency
levels required by meeting new implemented efficiency levels.

Energy price. Thisfigureisthe priceratio of a 1992 kWh to a 1998 kWh taken from the

LBNL-REM; energy priceis used to calculate the change in operating cost from the calibration case
to the base case (OC%.B) and to the alternative efficiency level case (OC%.N).
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C.2.4.5 Financial Inputs
Rates of financial costs:
After-tax equity cost of capital. Thisinput isexplained in Section C.2.3.1, Control Panel.

Interest rate on debt. Thisisthe interest rate paid by a corporation on its debt. Thisfigure
isin real terms (i.e., with inflation subtracted), and is the yield of corporate bonds with a Moody's
rating comparable to ratings in the industry being analyzed.

Interest lost on cash. Companies hold a portion of their current assets in the form of cashin
bank accounts, marketable securities, and other liquid holdings, all lumped under the term "cash."
This category of assets has a cost associated with it because of the cost of the debt and equity
associated with all assets. However, companies manage their cash accounts very well and are able
to earn interest each day on the cash they are not using that day. The interest earned on the cash
accounts tends to be low, since the investment is only overnight and varies from day to day. The
interest earned is lower than the cost of the capital used to form the asset. Thus, the cash account
costs the company money but the cost is lower than for any of the company's other assets.

Rate of depreciation. Thisfigure is the rate of depreciation on fixed assets for atypical firm
intheindustry. It isobtained by assuming straight-line depreciation and an average tax life of eight
years for the firm's fixed assets. It is then revised by analyzing actual depreciation data from the
industry under consideration.

Taxrate. Thisrateisthe average tax rate faced by an industry in 1996. It is based on past
data and recent revisions to the tax law.

Assets and costs as a percent of revenue:

Cash. Companies hold a portion of their current assets in the form of cash in bank accounts,
marketable securities, and other liquid holdings, all lumped under the term "cash." In the modd, this
input is expressed as a percent of total revenue.

Inventory and receivables. This figure represents the inventory and receivables assets,
expressed as a percent of total revenue. Inventory includes raw materials owned by the company,
work in process, and finished goods that have not yet been shipped. Receivables refers to goods that
have aready been sold and shipped by the firm for which the firm has not yet been paid, but is instead
owed money.

Depreciable assets. This figure represents the net depreciable, or fixed, assets of the firm,
expressed as a percent of revenue. Depreciable assets are tooling, equipment, production facilities,
and other goods that have an origina lifetime of longer than one year and thus are depreciated over
severa years rather than expensed in one year.
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General and administrative expenses (G&A). This figure represents the general and
administrative and selling expenses for the firm, expressed as a percent of revenue. It is the
"overhead" of the company.

Fixed and variable costs:

Fixed part of all costs and depreciable assets. Thisinput is explained in the Control Panel
section of C.2.3.1.

Fixed part of one-time capital cost. Thisinput isexplained in the Control Panel section of C.2.3.1.
Other financial inputs:
Economic profit. Thisinput isexplained in the Control Panel section of C.2.3.1.

Debt-to-equity ratio. All of a firm's assets are paid for either by debt or by equity. The
debt-to-equity ratio is used in calculating a firm's weighted average cost of capital. It is adso
associated with therisk factor of the firm and affects how much money afirm is able to borrow and
at what interest rate, so it isimportant in the analysis of the impacts of new efficiency levels.

Markup on a typical model. This figure is the markup used by a firm in determining the
manufacturer's salling price. It isthe markup used on the unit variable cost of atypica product in the
industry being anayzed.

Ratio of highest to lowest markup. In some industries, manufacturers use different markups
on different product classes. If such a situation exists in the industry being anayzed, this ratio
indicates the range of markups used.

Costs and assets of one-time investment:

One-time capital cost'slife. Thisinput isthe productive life of the equipment purchased to
meet the imposed efficiency levels, expressed in years. The number is aso used as the period of time
over which the one-time costs induced by imposed efficienc levels are amortized.

One-time capital cost'stax life. Thisinput isthe tax life of the equipment purchased to meet
the imposed efficiency levels, expressed in years.

Percent additional one-time capital. Meeting new efficiency levels may require both the
addition of new capital that replaces nothing, and the replacement of old capital that has become
inadequate. Thisvariabletdlswhat percent of new capital is additional rather than for replacement.

Age of old (replaced) capital. Thisinput givesthe age, in years, of the old capital that gets
replaced because of the new efficiency levels. Under new efficiency levels, some old equipment will
get scrapped before the end of its productive life and replaced by new equipment. Depending on the
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age of the replaced capital, tax and/or economic consequences are factored into the calculations of
the cost of the new equipment.

One-time capital cost schedule. The one-time capital cost schedules list the costs incurred
over time for preparations to meet the imposed efficiency levels. A percentage of the total cost is
attributed to each year before the new efficiency levels go into effect, because that is when these
expenses will occur. These cost schedules allow the model to be more accurate in calculating the
present value of the amortized costs, rather than assuming that the costs all occur when the new
efficiency levels go into effect.

C.2.5 Model Outputs
C.2.5.1 Control Panel Outputs

The Control Pand outputs are the summary outputs of the model. This output section enables
the reader or model user to see at a glance the main short-run and long-run impacts of alternative
efficency leves on afew key variables: shipments, price, revenue, net income, and return on equity.

For each of the five variables listed above, the Control Panel output table lists the base case
number, the new long-run number, and the percentage change between the two. Thetable also lists
the percentage changes for these variables from the most recent previous run for comparison
purposes. The last column in the output table lists the short-run results for each of the variables.

The base case vaues refer to the current state of the industry. The long-run numbers are the
model's estimates for these variables when dterantive efficiency levels are implemented and after
manufacturers have had time to adjust to the changes and find new optima selling prices and
production quantities. The short-run numbers are the model's estimates of impacts on manufacturers
in the short run, before they have time to find a new optimum.

Sipments. Shipments are the total units sold by a prototypical firm in a given year, expressed
in millions of units. The shipments variable is the sum of shipments for all product classes within a
product type. Shipments data are calculated on the Costs, Sales, and Revenues page.

Price. Priceisthe shipments-weighted average of the manufacturer's selling prices for the
different classes within the product type being analyzed. Price data are calculated on the Costs, Sales,
and Revenues page.

Revenue. Revenueisthe amount of money received by the manufacturer for the products it
has sold. Itisthe sum of the revenue for each of the product classes being sold by the manufacturer
and it isexpressed in millions of dollars. It can dso be caculated by multiplying the annual shipments
times the shipments-weighted average price. Revenue data are calculated on the Costs, Sales, and
Revenues page.
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Net income. Net income is the after-tax profit made by the company, expressed in millions
of dollars. Net income and the associated return-on-equity are primary measures of a company's
financial performance. In LBNL-MAM, net income is calculated in the Accounting Summary.

Return on equity (ROE). Net incomeis adollar amount that variesin part smply because of
afirm'ssize, and ROE adjusts for different-sized companies by giving net income as a proportion of
stockholders equity. It isthe return an investor makes on his investment in the stock of a particular
company. ROE iscaculated in the Accounting Summary.

C.2.5.2 Accounting Summary Outputs

Net income. See the Control Panel section above for a description of net income. In the
Accounting Summary, net income is expressed in thousands of dollars rather than millions.

Gross margin. Gross margin shows, on a percentage basis, how much revenue remains after
the variable cost of goods sold is accounted for: GM = (R-VCG9S)/R.

Return on sales. Return on salesis net income as a percentage of revenue.

Total assets. Total assets is the sum of all of the prototypical firm's assets. This includes
cash, inventory, and receivables; depreciable assets; and in the case of aternative efficiency levels,
the one-time assets acquired to meet the new efficiency levels.

Return on assets. Return on assets is the total return on the debt and equity portions of a
firm'sassats. It isameasure of how productively afirm's assets are being used. The interest paid on
debt instruments and the net income that belongs to equity shareholders are the returns on the firm's
assets. The returns are divided by the total assets of the firm to calculate return on assets.

Equity. Equity isthe portion of afirm's assets owned by the stockholders of the firm. Itis
the difference between afirm's assets and its liabilities. In thismodel it is calculated by multiplying
the equity percentage obtained from the debt-to-equity ratio times the total assets figure.

Return on equity (ROE). See the Control Panel section above for a description of ROE.

C.2.5.3 Economic Analysis Outputs

The economic analysis outputs give a clear and concise picture of what is going on in the
company from an economic standpoint. Most of the outputs show up in the other two outputs
sections. Shipments, price, and revenue are discussed in the Control Panel section. The total assets
number is calculated in the Accounting Summary section, and the economic analysis output breaks
down total assets into three categories. cash, inventories, and depreciable assets. Expenses are
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looked at from an economic point of view rather than an accounting one. Thus expenses are broken
down into fixed expenses and expenses that vary with the quantity produced.

C.2.5.4 Monte Carlo Outputs

The Monte Carlo Outputs section lists the results of six key measures of impact when the
Monte Carlo option isused. For key input variables, the Monte Carlo option randomly generates
vaues around the best available estimates of their true values. As aresult, the outputs vary from run
to run, and the model can calculate means and standard deviations for the key measures of impact.
It is then possible to bound the estimates of impacts and attribute a degree of certainty to them.

The Monte Carlo Outputs section isatable that lists for each variable the value of the current
iteration, the mean of al the iterations done in the current run, and the standard deviation of the
results. It then listsin chronological order the results of al the iterations done in the current run.

The measures of impacts are percentage change in shipments, percentage change in price,
percentage change in revenue, change in net income, and percentage point change in ROE for both
the long-run anadlyss and the short-run analysis. See the Control Panel section (Section C.2.3.1) for
amore complete description of each of these outputs.

C.25.5 Retail Price Calculation

One important role of LBNL-MAM is to provide estimates of retail prices of appliances at
different efficiency levels for the LBNL-REM and the Life-Cycle Cost andysis. The primary input
for the retail price calculation in LBNL-MAM is MAM's estimates of manufacturer prices. The
manufacturer prices are derived from base manufacturer costs, engineering production costs, and
appropriate manufacturer markups for each product. The base manufacturer cost is derived from
current retail price data for appropriate product classes. These prices are divided by both the retail
markup for the product and the wholesale (manufacturer) markup. This calculation is described in
more detall in the description of the Costs, Sales, and Revenue module (Section C.2.3.6).

The modd generates a matrix of manufacturers selling prices for each product class at each

efficiency level. These manufacturers prices are then multiplied by an estimate of the
manufacturer-to-retail markup appropriate for the product class. This gives the estimated retail price.
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C.2.6 Development and Integration of the Industry NPV Module

During 1991-1993, three industry trade associations’ contracted with the Arthur D. Little
consulting firm to develop a model that presents industry impacts using industry net present value
(NPV) as an impact variable. Their model was named the Government Regulatory Impact Model
(GRIM). The latest version of thismodd isVerson 1.2 and was released in April 1993. Since NPV
istheoretically identical to ROE as an impact measure, the U.S. Department of Energy decided to
include the GRIM as part of the analysis. Hence the entire GRIM Version 1.2 model is integrated
into the LBNL-MAM.

Asaresult, if the reader were to use the cost, price, and shipments inputs that were used in
the LBNL-MAM for input to astandalone version of GRIM, they will obtain the same answer. There
has been no modification of the GRIM's functionality as part of the integration.

C.2.6.1 ThelIntegration and Cost Iteration Process
The integration of GRIM presented three major issues. They were:

. The GRIM modé's programming did calcul ate the net cash flows well, however there
IS no price-estimation algorithm (i.e., there is no mechanism to forecast price). The
model assumes that price and shipments inputs be supplied from some external
forecasting source.

. The GRIM has a cost analysis structure such that it uses annual costs and revenues to
compute annual cash flows and then calculates a net present value of the industry based
on those cash flows. On the other hand, while the LBNL-MAM recognizes different
costs in different years for its demand function and price-formation agorithm, it
"levelizes' these costs before it calculates price and quantity. Hence in integrating the
two models, the costs in the two approaches need to be converted such that both
approaches recognize the same costs.

. There are severd categories of costs that GRIM calculates as fixed ratios of revenues.
Hence there are several categories of costs that are higher in GRIM than in the LBNL-
MAM.

In the absence of an dternate solution, the lack of a price-formation algorithm in GRIM was
addressed by using the demand function and price formation algorithm that was developed in the
LBNL-MAM. This entailed the following:

" The Association of Home Appliance Manufacturers, Gas Appliance Manufacturers Association, and Air-conditioning
and Refrigeration Institute.
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Vi.

Vii.

Since the cost structure of GRIM is different from that of LBNL-MAM, the costs for both
modules need to be trandated into the same basis. As a result, a "cost levelization”
methodology was devel oped to trandate the format of the GRIM-style costs into MAM-style
costs. (Thereis no change in the amount of costs, just how the costs are represented as
necessary for input to the cost analyses of the two modules.)

In the absence of GRIM-style cost inputs from the industry, we take the baseline per-unit cost
inputs of materials, labor, and overhead costs, along with baseline per-unit price and
shipments (supplied by the Engineering Analysis), and constructed a GRIM cost input table.
These same basic cost inputs are also used in the LBNL-MAM.

Using this cost input table, the LBNL-MAM is run to estimate price and shipments for the
aternative efficiency level case.

The price and shipments estimated by LBNL-MAM are then input to the GRIM module, and
the GRIM module is run to generate its results. Because several of the cost assumptionsin
the GRIM module are proportional to revenue, the costs for several major cost categories
(i.e., variable cost of goods sold, capital costs, working capital, and selling and general
administration costs) will change from the original inputs.

The LBNL-MAM then compares the costs used in MAM that supplied the inputs to the
GRIM module and the resulting costs from the GRIM module. These differences are
incorporated back into the LBNL-MAM costs via"cost comparison factors' (defined below).
The LBNL-MAM isthen run again to generate new price and shipments estimates based on
these revised costs.

Thisiterative processis repeated until the cost differences between the major cost categories
used in the GRIM module and that of the LBNL-MAM run that generated the inputsis equal
to zero.

After convergence has been obtained, the final industry net present value results from the
GRIM module are reported.

The data flows and linkages between the LBNL-MAM, the GRIM module, and the cost

comparison factors used to link the modules are illustrated in Figures C.3 and C.4.

Cost Comparison Factors

Since the cost structure in the LBNL-MAM and GRIM modules may differ due to the

differing assumptions in the two models, cost comparison factors are used in the integration of the
two modelsto properly dign and adjust their costs. For instance, if the GRIM assumptions resulted
in alower capital maintenance expense, the initid GRIM cost assumption would be adjusted by a cost
comparison factor.

Page C-42 Volume 1: General Methodology



In this section, we discuss each of the Comparison Factors in the MAM Long-Run page that
are used for the adjustment of MAM and GRIM, why they are needed, and how they are implemented
in the mode.

Levelized Capital Costs (LCC):

GRIM's assumptions of the level of capita maintenance expense is higher than MAM's,
Hence an initial adjustment is needed to align the costs between the two approaches. Further,
GRIM'slevd of capital expenditure is a fixed percentage of revenues, hence when quantity changes
(e.g., when other cost adjustments are made), LCC will change.

MAM adready computes per unit levelized capital costs for alternative efficiency levels
(LCC.N) in the model. Hence we create a new variable, GLCC.N, which is the per unit difference
between MAM and GRIM, which we add to LCC.N. Further, we need to take GLCC.N into account
for tax effectsand new assets. Since LCC.TN and LA.N (the tax effects of one-time capital cost and
assets due to one-time capital costs, respectively) are obtained by applying levelization factors to
CC.N (unlevelized capita costs), the adjustment to these variables is made by “unlevelizing” the cost
comparison factor GLCC.N and adding it to CC.N before the appropriate levelization factor is

applied.
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GRIM COST FACTORS
- R&D, % of R [CC.8]

- Depreciation, % of R, [CC10]
- Working capital, % of R, [CC5]

- Capital expenditure, %of R, [CC11]

- Tax rate, CCSJ:
- Interest rate, [CC4]

MAM/GRIM Cost Iteration Detail

4

GRIM_Cost Inputs
and Cost Factor

" standards

level costs

Fixed and variable
costs after new

distributions only.
[No operating costs.]

Also need to be
scaled to industry-

Per Unit Cost Inputs:

For baseline and new
engineering design options
(i.e., conversion costs):

- Variable costs (labor, OH,
materials).

- Fixed costs (capital)

- Operating costs

- New standards distribution
matrices

Modules

P.Q

GRIM Cash
flow & NPV
modules

GRIM COSTS
- Manufacturing costs, [CGS+Labor+Mat.+OH+Dep.]
- Capital costs [CCf -R)+(CE38TempCon)+(CE39 -TempCon)
- Working capital, [AR - CC5] for each year
- SGA/R&D, CC7+(R)'RD%, where CC7 = total annual SGA
- Taxes, Pre-tax m - F22, where F22 = tax rate

\—> NPV

MAM price
formation &
demand func,

—> ROE

T

MAM Mfg'ing
and 1X cost
modules

A

GRIM costs are reported on an
industry level and must be levelized
and converted to per firm level.
MAM reports costs on per firm level.
Both are then subsequently
converted to per unit.

Differencer

MAM COSTS
- Capital costs [LCC.B and LCC.N]
- Manufacturing costs [VCGS]
- Working capital, TC.B¢IR:R¢(1-ER)ei, This is Base WC
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Figure C.3 LBNL-MAM and GRIM Integration Overview
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- Manufacturing costs
- SGA/Other costs
- Taxes

least seven iterations (i.e., price
and quantity and cost adjustments
need to be done at least seven
times to allow convergence.
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VCGS
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(UVC+dVC.N)

\J
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calculated as the difference between the first 4
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taxes) calculated by MAM.
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iterations as
necessary
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Figure C.4 Cost Comparison Factors and Their Relationships
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Manufacturing Costs.

Manufacturing costs are the sum of materials, labor, and overhead costs. In MAM, this is the Variable Cost of Goods Sold
(VCGSN) variable. In GRIM, it isthe same three cost inputs, but it aso includes depreciation. However in GRIM, depreciation is only
included for the purpose of tax calculation and it is netted out later in the cash flow calculation. Since it plays no role in the NPV calculation
(aside from taxes), we do not include it in the Manufacturing Costs cal cul ation.

The basdline per unit costs of materials, labor, and overhead are inputs into the models. But in the case after new efficiency levels
have been implemented, the GRIM Overhead cost component has a portion that varies with shipments.® Since shipments will vary when
other adjustments are made, overhead costs and consequently manufacturing costs, will change.

In MAM, the per unit cost of alternative efficiency levelsis caculated in the change in variable cost variable, dVC.NO. Hence we
created a new variable, dVC.G, where we input the per unit difference in manufacturing costs which is added to dVC.NO.

Working Capital:

In GRIM, working capitd isafixed percentage of revenues. Since revenues are likely to change asaresult of other cost adjustments,
an adjustment for working capital is needed. Hence we define avariable, WC.EC, which is the sum of the per unit differencesin working
capital costs from each iteration. The model adds WC.EC to the variable part of economic costs, EC.NQ.

Next the total difference in working capital assetsis calculated as.

WCEC-Q,
ATR

WC.AN =

8 The GRIM Overhead formulais OH = OH, + (OH;- Q.N), where OH, is the baseline Overhead cost, OH; is the per unit difference between Overhead costsin the
pre- and post-efficiency level case, and Q.N is shipments in the post-efficiency level case.
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where (WC.EC, - Q,, ) is the sum of each per unit difference times the Q.N from that respective
iteration. ATRisthe after-tax weighted cost of capital. WC.AN is then added to new efficiency level
assets, A.N.

The total "accounting” cost of working capital is:
WC.TC =WC.AN" (1-ER)-i

where ER isthe equity ratio and i isthe interest rate. However, as we mentioned earlier, to facilitate
convergence with GRIM, weassume (1 - ER) = 1. WC.TC is added to total costs in the alternative
efficiency level case, TC.N.

Finally, from an accounting cost standpoint, WC.TC will probably be less than total cost of working
capital. Hence to facilitate convergence, we define one more "extra factor” variable:

EF.NC = (WC.AN-ATR)-WC.TC

where (WC.AN - ATR) is the total costs of working capital and WC.TC is the accounting portion
recognized earlier. EF.NC isalso added to TC.N.

Adjustment for Other Variable Costs (MAM) and SGA/R&D (GRIM):

MAM contains Other Variable Costs which are the variable portion of fixed costs such as
capital costs.® GRIM also contains explicit variable costs for selling and general administration
expense and research and development. These GRIM costs are afixed percentage of revenue and
thus are variable costs also. Since they are both relatively close in size, both are variable costs, and
both are cost categories which are not in the other model, we align these two costs.

Some iteration will be necessary because the GRIM costs are a proportion of revenue. And so as
other cost adjustments are made, revenue will change and hence these costs will change.

When we align these costs, we want to affect both the accounting and the economic costs. The
accounting costs are defined as:

TC.N=TC.NF+(TC.NQ)-Q.N

° Thisis becausein MAM, even fixed costs such as capital costs are considered to have a variable portion in the long
run.
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where TC.N istotd cogsin the dternative efficiency level case, TC.NF isthetotal fixed part of costs,
TC.NQ is the per unit variable part of costs, and Q.N is shipments. These accounting costs are
important in the determination of financial variables such as Net Income, Taxes, and ROE.

Economic costs are defined as;
EC.N=EC.NF+(EC.NQ-Q.N)

where EC.N is total economic costs, EC.NF isthe total fixed part of economic costs, EC.NQ isthe
per unit variable part of economic costs, and Q.N isshipments. Economic costs are important for the
determination of price.

Since the MAM Long-Run page calculates fixed and variable costs separately and the cost
components are used as inputs to other areas of the models, we define a factor, e, which will be
applied to each of the cost components. Hence we will have:

TCINF-(1+¢e), TCNQ-(1+e, ECNF-(1+e€), ECNQ-(1+ e

Generdly, the MAM Other Variable Costs need to be scaled up to align with the GRIM SGA/R& D
costs.

We can derive aformulaasfollows. We want to find aformulafor a factor that does the following:

OTHER___+TC.N-(e) = SGA

grim

where OTHER,,,,, iISMAM Other Variable Costs, TC.N istotal costs, e is the adjustment factor, and
SGAim 1S GRIM SGA/R&D costs.

Solving for e, we have:
~SGA

grim

- OTHER
TC.N

Thus, in the model, we input the per unit values for SGA;, , OTHER,,,,, and TC.N. We scale each
of the per unit values to firm values by multiplying by Q.N and then calculating e. (For successive
iterations, e isthe sum of the individua calculations.)

Cost Levelization

Mot codtsin the GRIM are annualized costs and are thus in the same format as those of the
LBNL-MAM. However, there are two types of costs which will differ from year to year. These are:
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. Conversion costs. In GRIM, conversion costs are broken into two types: design costs and
capita costs, which are incurred in the three years leading up to new efficiency levelsin the
SGA and Capital Expenditure categories, respectively.

. Working capital: Working capital is incurred as a one-time cost when thereis achangein
revenue as in the first year of new efficiency levels when price and quantity changes.

To convert these "one-times' costs into continuous, annualized costs, we "levelize" them via the
following procedures:

l. If they are alternative efficiency level costs incurred in years prior to new efficiency levels,

future value them to the first year that new efficiency levels take affect. This may be
accomplished by the following formula where the total future value C, is:

C,=Y_ C . (1+r)

. To derivethe formulafor levelized costs (L) from the future valued costs (C, ), we perform
the following:

L
> =G,

n=0 (1+I’)n
L+ L +...:Co
1+r
C ~L+ L +...=(C -L)-1+r
(o] 1+r o]
CO
=C -L
1+r °
C C.(1+n-C
L=C,- 0 = °( ) o__T C,
1+r 1+r 1+r
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choice (market share) elasticity (E,.):
E=E,+E +E, (B.2)

B.1.2 Housing

The modd performs calculations for three house types, (i) Sngle-family homes, (ii) multi-family
homes, and (iii) mobile homes. Inputs for housing information includes annual projections of occupied
households and housing starts.

B.1.2.1 Occupied Households

The number and type of occupied households for the base year (1980) are from the 0.1% Public Use
MicroSample (PUMS) of the 1980 Decennid Census. Projection of occupied households by housetypefrom
1992 to 2010 isobtained from DOE/EIA's Annual Energy Outlook 1995 (1). The stock of householdsis
interpolatedinyears 1981 to 1991. Household figuresafter 2010 are obtained by assuming constant annual
decay rates of 0.5%, 1%, and 3.9% for single-family, multi-family, and mobile homes, respectively, and
adding housing starts (see B.1.2.2) to the surviving housing stock.

B.1.2.2 Housing Starts

Hguresfor past (1980-1989) housng garts by house type come from the Bureau of Census Housing
Sarts(2). Projections(1990-2010) comefrom the Annual Energy Outlook 1995. Housing startsin later
years (2011-2030) are extrapolated using the projected annual growth rates from 2000 to 2010.

B.1.3 Building Shell Thermal Integrity

The equation used in the LBNL-REM to represent the thermal performance/cost tradeoff for
structuresis:

TBETA |™#

TBETA+C

TINF
TIN,

TIN _ TINF +

TIN,  TINg

(B.3)

where TIN isthe therma performance (relative heating energy normaized to 1980 existing houses); C is
thechangeintheinitial cost of the structure dueto the changein TIN; and TINF, TALFA, and TBETA are
parameters.

Table B.1 shows values of the parameters TINF/TIN,, TALFA, and TBETA.

TableB.1 Parametersof Thermal Integrity/Cost Curves by House Type
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TINF/TIN, TALFA TBETA

Single-Family 0.25 11.14 26717
Multi-Family 0.24 6.87 6067
Mobile Homes 0.34 7.56 9931

The thermal integrity factor (T1) isthe relative energy consumption corresponding to a set of
building shell characteristics (e.g., celling insulation, floor insulation, glazing, floor insulation,
infiltration rate), associated with an incremental cost (C). For space heating, it is calculated from the
relationship each year to minimize the life-cycle cos, given current energy prices, using a discount rate
congstent with historical market tradeoffs. The thermal integrity factor for air conditioning depends
on, and differs from, the thermal integrity factor for heating.

Thermd integrity islargdy irrdlevant in the andlysis of ranges and ovens. The only interaction
between energy consumption of these products and the building shell characteristicsis through internal
loads generated by these products. Those interna loads interact with space-conditioning requirements.

B.1.4 Equipment Efficiency

TheLBNL-REM projectstheaverageefficiency or unit energy consumption for anew unit purchased
in each future year. The method involves characterization of historical market behavior, in the form of
market discount rate. The observed average efficiency of the unit purchased is characterized asafunction
of the range of designs available from manufacturers, equipment prices (set by manufacturers and
distributors), current residential fuel prices, and trade-off decisions made by purchasers (including
homebuilders, contractors, landlords, and homeowners). The range of available desgns and their prices
are from the Engineering Analysis. Historical average efficiencies are reported by industry trade
asociations. Taking the average efficiency of units purchased as the minimum life-cycle cost defines
the market discount rate. The average efficiency in future yearsis projected based on the range of
engineering designs available (characterized by unit price and efficiency) and projected residentia
energy prices, given the market discount rate.

B.1.5 Market Shares

The number of potential purchasersis calculated for two markets: housing starts and potential
replacement/retrofit in existing housing. Totd product sales for each year are determined by applying
market share eagticities to projected equipment price, operating expense, and income to determine the
fraction of potentia purchasers who will actually purchase the product. The market share elasticities
include cross-price variables, where appropriate, to capture inter-fuel competition, e.g., the choice
between electric or gas cooktop.

The market share easticities are constant over the projection period. The market shares for
ranges and ovensin future years are given in Chapter 2, Table 2.5 of the product-specific discussion of
ranges and ovens (Volume 2) of this Technicd Support Document. The percent share for each dassin future
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yearsis assumed to be the same as that in 1992 and is shown in Table B.2 aB.2b.

Table B.2a Percent Share of Each Class of Electric Cooktops

coil e ement 85%

smooth e ement 15%

TableB.2b Percent Share of Each Class of Electric and Gas Ovens

Electric Ovens
sdlf-cleaning 56%
non self-cleaning 44%
Gas Ovens
sdlf-cleaning 24%
non self-cleaning 76%

B.1.6 Usage Behavior

The usage elasticities for ranges and ovens are given in Appendix B of the product-specific
discussion of ranges and ovens (Volume 2).
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B.1.7 Equipment Turnover

Chapter 2 in the product-specific discussion of ranges and ovens (Volume 2) shows average
equipment lifetimes. These lifetimes are assumed to be constant over the projection period. The
retirement functions (the percent of products which survives, asafunction of years after purchase) are
shown in Table B.3.

Table B.3 Survival Function of Cooktops and Ovens

Age (year) Cooktop Oven MicrowaveOven

1to6 100% 100% 100%
7 100% 100% 97%

8 100% 100% 83%

9 100% 100% 62%

10 100% 100% 38%

11 100% 100% 17%

12 100% 100% 3%

13 100% 100% 0%

14 100% 100% 0%

15 100% 100% 0%

16 87% 87% 0%

17 65% 65% 0%

18 41% 41% 0%

19 20% 20% 0%

20 6% 6% 0%

21t0 30 0% 0% 0%

B.1.8 Outputs

The LBNL-REM produces annual projections of:

. number of houses in stock by house type;

. housing starts by house type;

. thermal integrity factors for stock and new houses by house type;

. average unit energy consumption of new units sold (by class and by end use/fud);
. average unit equipment price of new units sold (by class and by end use/fudl);
. fraction of existing houses having each end useg;

. fraction of new houses having each end use;

. usage behavior factor, by end use/fudl;

. fuel consumption by housing type, by fuel, and by end use;

. total equipment expenditures by end use; and

. total fuel expenditures.

The LBNL-REM produces cumulative values for a period (1998-2030):
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fuel use by end use and fuel type;

discounted fuel expenditures by end use and fuel type;
discounted equipment expenditures; and

discounted total (fuel and equipment) expenditures.

The LBNL-REM produces cumulative values for new units purchased in a period (1998-2030):

discounted fudl expenditures by end use and fuel type;

discounted equipment expenditures by end use and fuel type;

discounted total (fuel and equipment) expenditures by end use and fuel type;
unitsinstalled by end use and fuel type; and

total discounted life-cycle expenditures per unit by end use and fuel type.

Product types usually correspond to end uses.
B.1.9 Changes Since Previous Technical Support Document
The principal changes since the previous Technical Support Document in 1993 are:

D The st of clases being analyzed has changed for room air conditioners: certain non-
louvers classes have been removed.

2 The set of design options, efficiencies, and cost data have changed (see Chapter 1 of the
product-specific discussion of ranges and ovens (Volume 2)).

(©)) Occupied household and housing start projectionshave been revised to agreewith Annual
Energy Outlook 1995 (see Chapter 5 herein).

4 Energy price projections have been updated to Annual Energy Outlook 1995 (see Chapter 5
herein).

(5) Historial shipments of room air conditioners have been updated.

(6) The average equipment lifetime of room air conditioners has been re-estimated.

@) A consistent set of market discount ratesis used in calculating market sharesand in
forecasting equipment efficiencies.

B.1.10 Input Data
The completeinput listing isavailable on eectronic mediumin ASCII format. Theinput database
includes demographic, economic, and engineering data. The input listing for products in the current

proposed ruleisreproduced in Appendix B of the product-specific discussion of rangesand ovens(Volume
2).
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digtributionsweretypically truncated at two standard deviationsfrom the mean. Thistruncation excludes
the smallest 2.28% and the largest 2.28% of the possible valuesin anorma distribution. This was done
to eliminate potential outliers that could unnaturally skew the results.

Figure A.1 Schematic of @RISK Uncertainty Analysis for Spreadsheet Calculations
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Table5.1 Occupied Households Projections (millions)

Occupied Single- Multi- Mobile
Households family family Homes

1980 80.4 53.8 22.7 3.9
1985 86.5 58.3 23.6 4.6
1990 93.4 63.8 24.5 51
1995 97.5 68.0 24.2 5.3
2000 101.9 71.8 24.7 54
2005 106.2 75.2 25.6 55
2010 110.7 78.6 26.6 55
2030 130.8 91.6 33.4 5.8

Sources. DOE/EIA Annual Energy Outlook 1995.

5.1.2 Housing Starts

Figuresfor past (1980-1989) housing starts by state come from the Bureau of Census Housing
Sarts. Prgjections(1990-2010) comefrom DOE/EIA's Annual Energy Outlook 1995. Housing dartsinlater
years (2011-2030) are extrapolated using the projected annual growth rates from 2000 to 2010.
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U.S. Department of Commerce, Bureau of Census (2).

Table 5.2 Housing Starts Projections (thousands)

DOE/EIA Annual Energy Outlook 1995.
LBNL extrapolation.
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Single- Multi- Mobile
Total family family Homes
Past
1980 1514 852 440 222
1985 2025 1072 670 284
Projected
1990 1392 901 303 188
1995 1605 1142 230 233
2000 1645 1041 388 216
2005 1721 1063 435 223
2010 1780 1059 496 225
2030 2110 1093 775 242
Sources: Bureau of Census, Housing Starts (3).




5.1.3 Disposable Personal Income

Digposablepersond income (1980-1986) isfromthe Qurvey of Current Business(4), converted to
1990doallarsusing the Consumer Pricelndex-Urban. For 2011-2030, the projectionisextended, assuming
a linear increase in disposable personal income, with the annual increase being the average of the
increasesfrom 1993t0 2010. Annual Energy Outlook 1994 (5) providesthefigurefor 1990 and Annual Energy
Outlook 1995 providesthe most recent projectionsfor 199210 2010. Thefiguresfor 1987-1989 and 1991
are obtained by interpolation.

Table 5.3 Disposable Personal | ncome (1990%)

Total Per Occupied Household
(Billions) (Thousands)

Past

1980 2890 35.9

1985 3435 39.4
Projected

1990 4046 43.1

1995 4478 459

2000 5029 49.4

2005 5481 51.6

2010 5914 53.4

2030 8787 66.4

Sources: (1980-1986) Survey of Current Business.
(1990) DOE/EIA Annual Energy Outlook 1994.
(1992-2010) DOE/EIA Annual Energy Outlook 1995.
(2011-2030) LBNL extrapolation.

5.1.4 Residential Energy Prices

Pest energy prices (1980-1988) are from the DOE/EIA’ sMonthly Energy Review (6). Energy prices
for 1989 and 1990 arefrom DOE/EIA’ sAnnual Energy Outlook 1994. Energy pricesfor 1992to 2010are
obtainedfromDOE/EIA’ sAnnual Energy Outlook 1995. Extrgpolation of energy prices(2011-2030) assumes
average annua increases of 0.3% per year for eectricity, 0.8% per year for natural gas, 1.7% per year
for distillate, and 1.6% per year for LPG.

Electricity prices are further adjusted to reflect differences in effective price by specific end

uses. Table 5.5 shows multipliers for obtaining effective prices for space heating, water heating, air
conditioning, and other end uses from the average sector pricesin Table 5.4.
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These multipliers capture regional differencesin residential rates and appliance holdings, as
well as effects of rate structure. (For example, if electric heat is common in areas with lower
residential rates, then the effective rate for electric space heating is lower than the average
residentia rate. Also, if the block structure offers declining rates for increased consumption, then
end uses associated with higher consumption, including space heating, will have lower effective rates.)
The multipliers are derived from the 1990 Residential Energy Consumption Survey (RECS) (7).

Table5.4 Average Residential Energy Prices (1990 Dollars per Million Btu)

Electricity* Natural Gas Distillate Qil LPG
Past
1980 22.44 571 11.16 12.37
1985 27.75 7.21 9.41 9.25
1990 23.74 5.69 7.64 8.31
Projected
1991 23.87 5.76 7.57 8.41
1992 24.62 5.87 6.86 8.52
1993 24.30 6.00 6.55 8.63
2000 23.93 5.88 7.70 9.55
2005 24.66 6.71 8.24 11.65
2010 25.67 6.92 8.71 12.99
2030 28.44 13.77 12.03 20.10
*3412 Btu/kWh.
Source: (1980-1988) DOE Monthly Energy Review.
(1989-1990) DOE/EIA Annual Energy Outlook 1994.
(1991) interpolated by LBNL.
(1992-2010) DOE/EIA Annual Energy Outlook 1995.
(2011-2030) extrapolated by LBNL.
Table5.5 Relative Electricity Price by End Use
(Average Residential Electricity Price = 1.00)
Electricity Natural Gas
Space Heating 0.87 0.98
Water Heating 0.90 1.01
Air Conditioning 0.99 NA
Other End Uses 1.04 1.11

Source: LBNL derived from 1990 RECS.
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5.2 SENSITIVITY ANALYSISOF THE BASE CASE

5.2.1 Residential Sector Sensitivity Cases

The sengitivity cases for the residential sector are defined as follows:

Lower Equipment Price. For each class, the price of the basdine unit and the incremental
prices associated with each other design option are reduced by the uncertainty estimated
for that cost.

Higher Equipment Price. For each class, the price of the baseline unit and the
incremental prices associated with each other design option are increased by the
uncertainty estimated for that cost.

Lower Energy Price. Assumelower energy prices. Starting from 1996 to 2030, electricity
pricesare 3% lower, whilegasand distillate prices are 5% lower than those in the Annual
Energy Outlook 1995 forecast.

Higher EnergyPrice. Assumehigher energy prices. Startingfrom 1996t0 2030, el ectricity
prices are 3% higher, while gas and distillate prices are 5% higher than those in the
Annual Energy Outlook 1995 forecast.

High Equipment Efficiency. Assume continuing future improvement in appliance
efficiencies at arate of 2% per year.

Market Discount RatesDecline. Assumethat market discount rates used to determine future
efficiency choices are declining over time by 2% per year, i.e,, efficiency improvements
appear in the marketplace sooner.

The results of these sengitivity cases are presented in Sections 2.3 (base case senditivity) and
3.6 (dternative efficiency level impacts) of the product-specific discussion of ranges and ovens (Volume
2) of this Technical Support Document.
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Appliance Saturation Rates

The saturation rate is the percentage of homes that own a particular appliance. Tables 4.1 and
4.2 ligt the saturation rates for ranges and ovensin selected years during the past 20 years. Note that
the data do not reflect the fact that some homes have more than one appliance of a particular type. In
generd, if mogt homes own an gopliance but few homes have more than one unit, we expect that the appliance
will have ardatively low dagticity of demand because the appliance is usually considered a necessity.
This observation corresponds with the relatively low price eadticity of ranges and ovens and the higher
price elasticity of products such as microwave ovens.

Table4.1. Market Saturations

Product 1973 (%) 1978 (%) 1983 (%) 1987 (%) 1993 (%)
Ranges (Electric) a7 51 58 59 58
Ranges (Gas) 52 48 43 42 45
Microwave Ovens 1 7 33 66 86

Source: Appliance, September, 1994.
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Figure 4.1 Kitchen Range Shipments and Housing Starts
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Figure 4.2 Microwave Oven Shipments and Housing Starts
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Table4.2. Market Satur ations*

Product 1981 (%) 1984 (%) 1987 (%)
Electric Stove 54/29 54/79.5 57/77
Electric Oven 52/74 49/73 57/75
Gas Stove 46/21 45/20 2.7/21
Gas Oven 40/17 42/18 4121
Microwave 17/23 34/51 61/76

Source: RECS, 1981, 1984, 1987.2

*|nitial figure is for the stock of dwellings, the second is for new construction. RECS figures include mobile
homes, and single- and multi-family dwellings.

4.2 SUPPLY
Market Concentration

Market concentration is the extent to which market share is controlled by the largest firmsin an
industry. Table4.3 showsthemarket concentration for the products according to thedegree of themarket
controlled by the two, four, and five largest manufacturers in each industry.

All of the products show ahigh level of market concentration. The market concentrations of the
top five producersareat least 80%. Thelargest producer controlsfrom 40% to more than 50% of the market
for each of these products. Market concentration plays apart in the andysis because it may indicate the
existence of market power® in aparticular industry. Firmswith the largest market shares may have some
market power, a factor that affects the markups used by these firms both in the base case and the
aternative efficiency level case.

2 The relevant RECS reports are the data from the public use tapes for the various surveys discussed in Residential
Energy Consumption Survey: Housing Characteristics, 1981, August 1983, DOE/EIA-0314(81), U.S. Department of
Energy; Residential Energy Consumption Survey: Consumption and Expenditures, 1984, October 1986, DOE/EIA-
0314(84), U.S. Department of Energy; and Household Consumption and Expenditures, 1987, October 1989, DOE/EIA-
0321/1/(87). U.S. Department of Energy.

% Market power is the ability to set price within alimited range. More technically, it isthe freedom that results from
facing ademand curve that is not infinitely elastic. This meansthat if priceisraised by some small amount, saleswill not
fall to zero, and if priceislowered by some small amount, saleswill not become essentialy infinite.
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Table 4.3 Percent of Market Controlled by the L argest Producers of Each Product

Number of Firms

Product Top Two (%) Top Four (%) Top Five (%)
Ranges (Electric) 57 89 95
Ranges (Gas) 49 93 96
Microwave Ovens 46 74 82

Source: Appliance, September 1994.

Figures4.3to 4.5 give a picture of the manufacturer market shares for each of the analyzed
products. Most products are produced by a few manufacturers, each of which have large market shares.
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Electric Range Firm Market Shares

W hirlpool 18%

Maytag 14%

Maytag owns Jenn-Air, Hardwick and Magic Chef brand names.
Electrolux owns the Frigidaire and Tappan brand names.
Raytheon owns the Caloric brand name.

GE includes what was Roper.

Source: Appliance, September 1994

Figure 4.3 Electric Range Firm Market Shares: 1993.
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GE 39%

Others 3%

Peerless 1%

Brown 1%

Raytheon 6%

Electrolux 18%
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Gas Range Firm Market Shares

Maytag 24%

Raytheon 20%

Source: Appliance, September 1994.

Figure 4.4 Gas Range Firm Market Shares: 1993.
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Electrolux 24%

GE 25%

Others 1%

Peerless 3%

Brown 3%
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Microwave Oven Firm Market Shares

Samsung 20%

Matsushita 16%

Goldstar 12%

Sharp 26%

Others 2%

Raytheon 2%

MCD 7%

Sanyo 7%

Electrolux 8%

Source: Appliance, September 1994.

Figure 4.5 Microwave Oven Firm Market Shares: 1993.
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Mergers and Acquisitions

The gppliance-manufacturing industry has had acontinuing history of consolidation. Mergersand
acquisitions have two purposes. Firgt, they produce large corporations with the financia resources and
gability to be successful in an increasingly competitive market. Second, mergers and acquisitions mean
manufacturers can have acomplete line of home gppliancesfor product diversfication and can therefore
offer acomplete set of gppliancesto consumers, an important feature in the builder market. Thereis
increasing worldwide competition in the major appliance market, so mergers or acquistions are likely to
continue. Table 4.4 isapartia list of magjor acquisitions of appliance manufacturers.

Table4.4 Acquisitions of Appliance Manufacturers

Buyer Purchase Year
Whirlpool Heil-Quaker 1964
Raytheon Co. Amana Refrigeration, Inc. 1965
White Consolidated Inc. Franklin Appliance Div. (Studebaker Corp.) 1967
White Consolidated Inc. Kelvinator Appliance Div. (American Motor Corp.) 1968
Emerson Electric Co. In-Sink-Erator 1968
Magic Chef, Inc. Gaffers & Sattler 1968
Magic Chef, Inc. Dixie-Narco, Inc. 1968
Magic Chef, Inc. Johnson Corp. 1971
AB Electrolux (Sweden) Eureka 1974
Rockwell International Admira Co. 1974
White Consolidated Inc. Westinghouse Electric Corp.'s, 1975
Major Appliance Operations
Caloric Corp. (Raytheon) Glenwood Range Co. 1978
White Consolidated Inc. Philco Appliance Business (Ford Motor Co.) 1979
White Consolidated Inc. Frigidaire Appliance Business (Genera Motors Corp.) 1979
Magic Chef, Inc. Admiral Div. (Rockwell) 1979
Carrier Jenn-Air 1979
Raytheon Co. Modern Maid Co. 1979
Raytheon Co. Speed Queen (McGraw Edison) 1979
United Technologies Corp. Carrier 1979
AB Electrolux (Sweden) Tappan 1981
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Table4.4 Acquisitions of Appliance Manufacturers- Con't.

Buyer Purchase Y ear
Dart & Kraft Hobart Corp. 1981
Magic Chef, Inc. Revco 1981
Maytag Co. Hardwick Stove 1981
Maytag Co. Jenn-Air (Carrier/United Techn) 1982
Hobart (Dart & Kraft) Chambers Corp. (Rangaire Corp.) 1983
Magic Chef, Inc. Toastmaster 1983
Admira (Magic Chef) Warwick Manufacturing Co. 1985
Chicago Pacific Corp. The Hoover Co. 1985
Masco Corp. Thermador-WasteKing (NI Ind.) 1985
AB Electrolux (Sweden) White Consolidated Industries 1986
Maytag Co. Magic Chef, Inc. 1986
Chicago Pacific Corp. Rowenta Group (West Germany) 1986
(Allegheny Int'l and Rothmans Deutschland GmbH)
Whirlpool Corp. Kitchen-Aid Division (Dart & Kraft, Inc.) 1986
General Electric Co. RCA 1986
Inter-City Gas Corp. (Canada) Heil-Quaker Home Systems, Inc. (Whirlpool) 1986
Emerson Electric Co. Kitchen-Aid dishwashing manufacturing facility (Whirlpool) 1986
White Consolidated Ind. (Electrolux) Design & Manufacturing Corp. 1987
Thomson S.A. (France) GE/RCA consumer electronics 1988
Toastmaster Div. Mgt. team buys division from Maytag Co. 1988
Speed Queen Holiday-Hammond 1988
Whirlpool Corp. Roper Corp.'s brand name 1988
Generd Electric Co. Roper Corp.'s physical assets (inc. manufacturing facilities) 1988
Maytag Co. Merger with Chicago Pacific Corp. 1988
Fedders Emerson Quiet Kool 1990
Hayward Pools ComfortZone 1991
MCD Maytag microwave oven business 1992
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4.3 PRICES

Appliancepriceshave, on average, risen more dowly than aggregateindexes measuring consumer
and producer prices. The appliance industry has a long history of price stability even through
fluctuationsin the business cycle. Despiteincreased energy and component prices during the 1970s and
1980s, the industry has, through increased productivity, kept price increases lower than increases in the
Consumer PriceIndex (CP1).* In recent years, theindustry has made astrong push toward automation to keep
costs down, spending hundreds of millions of dollars to automate production facilities.

Hgures4.6 to 4.7 show thered Producer Price Index (PPY) for various product groupings compared
tothe CPI. Figure4.7 showsthe PPl for al commoditiesand for household appliancesfor the years 1985
t0 1993. The PPI for household appliances increased about haf as much asthe PPI for al commodities.
Thered PPI for each product grouping isdefined asthe PPI for that product grouping, holding the overall
PPI constant at 1982 = 100. In other words, this figure indicates the relative increase or decrease in the
price index of aproduct grouping, using the PP for al commodities asthe yardstick. The subsequent
figures and their products are

. Fgure4.6: Household Cooking Equipment (kitchenrangesand ovensand microwaveovens),

. Figure 4.7: Household Appliances.

“The consumer and producer priceindices are from a personal communication with the San Francisco, CA office of the
U.S. Bureau of Labor Statistics, May 1995.
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Figure 4.6 Nationa PPl and CPI Compared to Household Cooking Equipment Product Group PPI
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Figure 4.7 National CPI and PPl Compared to All Household Appliances
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This chapter briefly describes how the economic analysis of aternative efficiency levels was
performed. Section 3.2 presents an overview of the analytic methodology and discusses the major
components of the analyss: the Engineering Analysis, the Consumer Anaysis (nationa and individud),
the Manufacturer and Industrial Analyses, and the Utility Analysis. The emphasisis on how these
components fulfill the seven legidative requirementslisted in the Introduction. This section discusses
the interrel ationships among the components that ensure consistency throughout the analysis.

Section 3.3 describesthe computerized model susedintheandys's. Themodel spredict consumer,
manufacturer, and utility responses to future changes in the economy, including the imposition of
efficiency levels. Quantitative estimates of the impacts of implementing new efficiency levels are
calculated from the outputs of the models. The models utilized in the analysis are:

» Engineering Cost and Performance Models;
e Consumer Impact Models,

e Manufacturer Impact Models,

» Utility Impact Model.

The function, data sources, assumptions, and validity of the results for each model arein the
product-specific discussion of ranges and ovens (Volume 2).

Section 3.4 bd ow discussesthesengtivity analys sperformed ontheeconomi cimpactsand focuses
on the methods used to determinethe parametersthat have thelargest effectsand to determinetheir range
of variation.

3.2 OVERVIEW OF ANALYTIC FRAMEWORK

Theimpact of implementing new efficiency levelsis determined by comparing projections of awide
range of economic variables under the existing legidation with the projections under the imposed
efficiency levels. For each product analyzed, these projections are first made for a base case (existing
legidation) using the analytic models described below. In the Volume specific to ranges and ovens,
Chapter 2 describes the data and assumptions used to calculate the basdline forecasts. The calculations
are then repeated imposing the alternative efficiency levels as discussed in Chapter 3 of that Volume.
Thedifferencesbetween the projectionsof the energy consumption and economic variablesinthebaseand
efficency level cases provide quantitative estimates of the impacts of the imposed efficiency levels.
To evduate the sgnificance of the differences, a sengtivity anayssis performed on the key parameters
and assumptions.
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The economic impact analysisis performed in seven major aress.

. An Engineering Analysis, which establishes technical feasibility and product attributes
including costs of design options to improve appliance efficiency;

. A Consumer Analysisat two levels. nationa aggregate impacts, and impactson individuas.
Thenational aggregateimpactsindude LBNL Resdentid Energy Modd (LBNL-REM) forecegtsof
gopliance s es, efficiencies, energy use, and consumer expenditures. Theindividual impacts
areandyzed by Life-Cyde Cog (LCC), Payback Periods (PBP), and Cogt of Conserved Energy
(CCE), which evaduate the savings in operating expenses relative to increases in purchase
price;

. A Manufacturer Analysis, which provides an estimate of manufacturers response to the
dterndtive efficiency levels. Their response is quantified by changesin severa measures
of financia performance for afirm;

. AnIndustry Impact Analysi s, which showsfinancid and competitiveimpactson the gppliance
industry;

. A Utility Analysis that measures the impacts of the atered energy-consumption patterns on
electric utilities;

. AnEnvironmental Effects Analyss, which estimates changesin emissions of carbon dioxide,
sulfur oxides, and nitrogen oxides, because of reduced energy consumptioninthehomeand at
the power plant; and

. A Regulatory Impact Analysis, which collects the results of all the analyses into the net
benefits and costs from a national perspective.

A smplified diagram of theanadyssisshownin Figure 3.1. Each type of andyssis performed for
the two products. If appliances having the maximum efficiency improvement that is technologically
feasble show no sgnificant energy savingsin the Engineering Analysis, then the legislation requires
that no modified standard be prescribed for that product type. If the appliance efficiency can be
increased to produce significant energy savings, then a detailed energy savings, economic, and impact
anaysisis done. For each of the products, the analysis is performed for a base case plus severd
dternative efficiency levels. The sdlection of efficiency levels by classis described in Chapter 3 of
the product-specific discussion of ranges and ovens (Volume 2).
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Figure3.1  Analytic Framework for the Analysis of Appliance Alternative Efficiency Levels

Figure 3.1 illustrates the relationships among the Engineering, Manufacturer, and Consumer
Analyses. The Engineering Analysis establishes appliance designs and related attributes such as
efficiency and costs. Based on these costs, the Manufacturer Analysis predicts retail prices for usein
the consumer anadysis (the Life-Cycle Cost Analysis and Forecasts). Based on the relationship between
the prices and efficiencies of design options, the consumer analysis forecasts sales and efficiencies of
new and replacement appliances. Thesedataare used asinputsto the Manufacturer Analysisto determine
financia impacts on typica firms within the industry. The consumer analysis also forecasts energy
savingsand consumer expendituresfor the purchase and operation of the gppliances. Consumer expenditures
are used in the Life-Cycle Cost Analysis to determine consumer impacts. Changes in sales, revenues,
investments, and marginal costs of utilities are calculated from the energy savings in the Utility
Anayss.

Three time frames are considered by the analysis. First, the analysis of consumer and utility
impacts extends over atime frame congstent with the life of the products and includes the time required
to gpproach market saturation. Thistime frame extends to 2030 and the new efficiency levels comeinto
effect in 1999. Second, the Manufacturer Anaysis is performed for a typica year after the
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implementation of new efficiency levels. Third, the Engineering Analysis examines the technical
feasibility of improving the efficiency of appliances before the efficiency levels come into
effect—within the next three years.

3.3 MODELS, DATA, AND ASSUMPTIONS
3.3.1 Engineering Cost and Performance Models

The Engineering Andysis provides information on efficiencies, manufacturing costs, and other
appliance characterigtics for use in other components of the analysis. Appliance features that provide
utility to the consumer are incorporated into the analysis through the creation of appliance classes.
Classes are asubset of gppliancetypes. For example, awater heater is an gppliance type, but agas-fired
storage water heater isan gppliance class. The Engineering Analysis develops cost and efficiency data
for a set of design options within each appliance class. These data are the output of the engineering
performance and cost models discussed later in this section. The Engineering Analysisis performed in
seven geps. 1) sdlect gppliance classes; 2) select baseline units; 3) select design options within each
class; 4) determine maximum technically feasible designs; 5) calculate the efficiency improvement
provided by each design option; 6) develop cost estimates; and 7) generate cost-efficiency relaionships.

Appliance Classes

The first step in the Engineering Analysisis the segregation of product types into separate classes
to which different aternative energy efficiency levels apply. DOE differentiates classes by the type
of energy used (ail, natural gas, or electricity), and capacity or performance-related features that
provide utility to the consumer and affect efficiency. For specific appliances, classes are defined using
data collected in discussions with appliance manufacturers, trade associations, other interested
parties, and from commentsrecaved on the ANOPR and NOPR. Those dassesfor which no DOE test procedure
has been specified are omitted. The gppliance classes covered by the analysis are listed in Chapter 1 of
the product-specific discussion of ranges and ovens (Volume 2).

Basdline Units

A basdline unit isthe tarting point for analyzing design options for improving energy efficiency.
To sdect abasdine unit, the Engineering Analyss uses information gathered from trade organizations,
manufacturers, consultants with expertisein specific product types, and from public commentsonthe ANOPR
and NOPR. For each product class, the basdine unit generaly represents a model with the maximum
alowableenergy usespecified by theNationd Appliance Energy Conservation Act (NAECA). Other than
efficiency, features are representative of the class as awhole.
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Design Options

The Engineering Analyssidentifiesindividua or combinations of design options with a potential
for improving energy efficiency. Design optionsthat are commercidly available at the present time or
that are present in prototypes are consdered. They are selected after discussions with experts and an
extensve literature review. The efficiency improvement and manufacturer cost of design options added
to the baseline unit are calcul ated.

Maximum Technologically Feasible Designs

For each product class, amaximum technologicaly feasible design option or combination of design
optionsisidentified. This option, or combination of options, results in the highest energy efficiency
for each product class. The maximum technologicaly feasble efficiency level is one that can be reached
by the addition of design options, both commercialy feasible and in prototypes, to the baseline units.
Thisdesign must be possibleto assembl e, but not necessarily to manufactureinlarge numbers. Economic
criteriaare applied to al design options in other parts of the analysis.

Efficiency Calculation

For each of the product classes, the efficiency levels corresponding to various design options are
determined from manufacturer data and from engineering calculations.

Cost Estimates

Themanufacturer cost dataare obtai ned through alengthy processthat included meetingsand tours
at manufacturing facilities, submission of forma requests to manufacturers for costing data, and review
of thedatarecaived. Estimates of manufacturer cost are dso received in response to the ANOPR and NOPR.
In the product-specific discussion of ranges and ovens (Volume 2), Appendix A contains detailed
incremental cost data disaggregated into labor, purchased parts, materials, shipping/packaging and
tooling.

Cost-Efficiency Relationships

Theresultsof the Engineering Andysisare summarized in the cost-efficiency relationships showing
the efficiency and manufacturer cost of the design options for each appliance class. Manufacturer and
deder markups derived in the Manufacturing Anadlysis are applied to the factory costs to arrive at the
purchase price of the appliance. Additional installation costs required for some designs are included
inthe purchase price. Additional maintenance costs associated with specific design options are aso
estimated. The price-efficiency relationships are afundamental input to the Consumer Analysis.
Assumptionsin the Analysis

Justifications for the most important assumptions of the Engineering Analysis are listed below.
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Assumption

Industry production processes can be character-
ized interms of medium and large manufactur-ing
facilities.

Unit energy consumption is based on DOE usage
estimates, unless otherwise noted.

Unit energy consumptionisbased on DOE usage
estimates, unless otherwise noted.

Data Sources

Justification

Manufacturing cogts for small manufacturers are
highly varied because of dependenceon purchased
parts and sensitivity to labor and distribution
costs. An effort was made to obtain these data,
but they were not made available by small firms.
Because of this difficulty and the fact that they
represent asmall fraction of total shipments for
most of the product classes, andysi's concentrated
on the medium and large manufacturers.

The baseline unit is the starting point to which
design options are added to create higher
efficiency units. The sdlection of baseline units
is based on studies of products on the market in
1990 and consultations with manufacturers.

As part of the Consumer Product Efficiency
Standardsprogram, DOE wasrequired to establish
test procedures to determine average consumer
utilization and energy usage for the covered
products. Test procedures for each product type
have been promulgated and were employed to
determineunit energy consumption throughout the
Engineering Analysis. If field data indicate that
appliance energy use is different than that
determined by the test procedure, alternative
energy use estimates based on the field data are
provided.

Shipment dataarebased oninformationfromindustry sourcesand published datafromindustry trade
associations. Costsof purchased materiasand parts are based on quotationsfrom product manufacturers
and suppliers of these items. Data on engineering and labor costs are taken from on-site visits to
manufacturing plants and from manufacturer information. Data characterizing baseline units for each
class are based on information from industry sources and published data.
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Outputs from the Engineering Analysis

For each combination of design options considered in the analysis, the models and data provide:

« energy efficiency (expressed as the DOE energy factor' and/or unit energy consumption);

e increased materia, labor, and investment costs by product class for medium and large
manufacturers,

e annud energy consumption per unit (based on DOE test procedures or field-based estimators);
» therelationship between cost and energy use by product class; and
»  other information on product characteristics such as appliance lifetimes, installation costs,
and maintenance costs.
Validation of the Results
Experimenta data on efficiencies are available for some of the design options studied. For the
others, engineering calculations based on physical principles are performed.
3.3.2 LBNL Residential Energy Model (LBNL-REM)
Purpose

TheL BNL-REM modd stheappliance purchasechoicesmedein households, aswell asthesehouseholds
subsequent usage behavior and energy consumption. See Appendix B (herein) for detail sabout themode!.

Engineering, economic, and demographic dataare used in LBNL-REM. The engineering data for
appliances are described in Section 3.3.1. Additiond data include age distribution of existing appliance
stock and retirement functions. Economic datainclude projected energy pricesand household incomeand
mode sof energy investment, gppliancepurchase, and usagebehavior (includingfuel andtechnol ogy choice
for eechend use). Demographic datainclude number of households by type, projected housing starts and
demolitions, and appliance holdings.

Historical Development

Early energy-demand modeling focused on engineering estimates or on the relationship between energy

! The energy factor is a measurement of energy efficiency derived from the DOE test procedure for each product.
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consumptionand economicgrowth. Inthe1970s, Oak Ridge Nationd Laboratory (ORNL) developed thefirst
mode to integrate these two important aspects of energy demand, the Engineering-Economic Model of
Residential Energy Use (1).

The ORNL Mode was brought to LBNL in 1979 and adapted to the andlyss of federa appliance
dternative efficiency levels. Further extensive changes were made at LBNL from 1979 to the present,
resultinginthe LBNL-REM (2). Many of these changes have aready been documented (3). Morerecent
changes for this rulemaking are described in Appendix B.

Structure of the Model

The LBNL-REM segmentsannud energy consumption into house types, end uses, and fud types. The
house typesinclude sngle-family, multifamily, and mobile homes. Cadculations are performed separately
for existing and new housing construction each year during theforecast period, 1980-2030.2 Theend uses
are space-heating (including room and central), air-conditioning, water heating, refrigeration,
freezing, cooking, dish-washing, clothes-washing, clothes-drying, televisions, lighting, and
miscellaneous. Up to four fuels are considered, as appropriate to each end use: dectricity, natural gas
(utility gas), heating oil, and liquid petroleum gas (LPG). The national version of the model, which
treats the country as a single region, is used in the analysis.

The model projects five types of activities: technology/fuel choice, building shell thermal
integrity choice, gppliance efficiency choice, usage behavior, and turnover of buildings and appliances.
The interrelationship of the five types of activitiesis shown in Figure 3.2.

Theinitid number of occupied households, by type, istakenfromthe 1980 Censusof Populationand
Housing (4). Historical housing starts(1981-1991) arefrom Censusdata; hous ng startsand stocks(1992-
2010) arefrom Annual Energy Outlook 1995 (5). Thehigtorica housing stocks (1981-1991) are obtained by
interpolating between the 1980 census figures and the 1992 figures from Annual Energy Outlook 1995.
Housing stocks and starts after 2010 are projected extrapolations. The method is fully described in
Appendix B.

2Themodel forecasts beginning in 1981. Historical data from 1981-1992 are used to check the validity of the forecast.
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Figure 3.2 Activitiesin the LBNL-REM

Efficiency Choice Algorithm

Historical efficiency data are available for selected years through 1992 for kitchen ranges and
ovens (depending on availability of data). After 1992, efficiency improvements are projected as a
function of designs available (technological change) and of electricity, oil, or gas prices. If energy
pricesincrease, the life-cycle cost of more efficient designs will increase more slowly than that of less
efficient designs, making the more efficient desgns more attractive. When thelife-cycle cost of a more
efficient design falls below the life-cycle cost of the current average design, then the more efficient
designisprojected to be purchased. However, if energy prices decline, the model projects no further

efficiency change.
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Thermal Integrity

The projection of investment in thermal integrity measuresin new houses is based on alife-cycle
cost calculation analogous to that done for equipment efficiencies.® Engineering estimates of the
incremental costs of thermal integrity measures are used together with current fuel prices and a market
discount rate for each house type and heating fuel type. Secondary impacts of appliance efficiency
changes on energy consumed to heat or cool houses are not estimated in the current analysis.

Modeling Alternative Efficiency Levels

The LBNL-REM projectsthe average efficiency of new products, purchased eech yesar, taking account
of exiging federd regulations. A distribution of unit energy consumptions (UEC) is constructed around
the projected average unit energy consumption for each class, based on relative efficiency distributions
previoudy observed in the marketplace. Federd energy efficiency levels would eiminate at least part
of the distribution. A new distribution is constructed in which all units below the dternative
efficiency levels are increased in efficiency to meet the new efficiency levels. The new
shipment-weighted average efficiency then characterizes the efficiency of new unitsin that year. The
same processis gpplied to dl years after implementation of the efficiency levels. The model is then run
again for the efficiency level case, with the adjusted average efficiencies, to calculate any changesin
market shares, usage behavior, or investment in building shell therma improvementsthat may occur asa
result of implementing new efficiency levels, and to calculate the net energy savings.

Turnover of Appliance Stocks

The initial age distribution of appliances in stock is characterized from industry data about
higtorica annud shipmentsand nationa surveysof gppliance holdings. The fraction of each product that
retires each year is based on the number of years since purchase for each age cohort.* Each age cohort is
associated with an average efficiency; when older appliances retire, they are identified as less
efficient.

The number of potentid purchasars of an gopliancein new homesis egua to the number of new homes

congtructed each year. The number of potentia purchasersin existing housesis equd to the number of
retiring appliances, plusasmall fraction of those households that did not previously own the product.

Calculation of Market Shares

% The equipment efficiency and thermal integrity decisions are not solved simultaneously, but recursively. The previous
year'sthermd integrity isassumed in projecting this year's equipment efficiency; then this year's equipment efficiency is used
to calculate this year's thermal integrity.

* For example, acohort condsts of al 8-year-old gas-fired water heaters. Up to 30 cohorts, one for each year of purchase,
are tracked.
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Potentid buyersmay makeno purchaseor may buy any competing technology withinanend use. For
each product, the decision to purchase or not is modeled, and the fraction of the total that choose each
class, eg., gasfired, oil-fired, or gas instantaneous water heaters, is specified exogenoudly.
Long-termmarket shareel adticitieshavebeen assumed with respect to equi pment price, operating expense,
andincome. Alternativeefficiency level sareexpected tolower operating expensesand increase equipment
prices. The percentage changesin these quantities are used, together with the easticities, to determine
changesin market share resulting from imposed efficiency levels. Higher equipment priceswill decrease
market shares, while lower operating expense will increase market shares. The net result depends on the
efficiency level selected and associated equipment price and operating expense.

Usage Behavior

For some products, changing the operating expenseresultsin changesin usage behavior. For ranges
and ovens, these elagticities are assumed to be non-zero.

Energy Consumption Calculations

Theenergy consumption per appliancefor each end use and fuel by housetype and vintage (existing
or new) isthe UEC. The corresponding energy consumption for al households is the consumption per
gppliance times the number of households of that type and vintage, times the fraction of households that
owns that appliance.

Aggregateenergy consumptionisobtai ned from summationsover intermediateresults. For example,
nationa eectricity consumption for ranges and ovensin aparticular year is the sum, over house types,
classes, and vintages, of the electricity consumption of all ranges and ovens. National residential
electricity consumption in that year isthe sum of electricity consumption over all end uses.

Assumptionsin the Analysis

The Consumer Analysis assumes that decisions on the purchase and use of gppliances depend on
operating expenses, household income, and appliance prices. Manufacturers are projected to respond to
the demand for more efficient products by incorporating technologically feasible and cost-effective
designoptionsin new units. Forecastsof population growth, housing starts, persona income, and energy
prices from published sources are utilized. Justifications for the most important assumptions in the
Consumer Analysis are listed below.

Assumption Justification

Occupied households will increase from 93 TheAnnual Energy Outlook 1995 prgjectsannud growth
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million in 1990 to 131 million in 2030.

Housing starts are projected to be near con-
gant for single family and mobile homes, but
to increase from the current low levels for
multifamily.

Real disposable persond income is projected
to grow from $4.0 billion in 1990 to $8.8
billion in 2030 (in 1990 dollars). This
correspondsto disposableincome per household
growing from $43,100 in 1990 to $66,400 in
2030.

Residentia electricity prices are projected
toincreasefrom 8.40 centskWhin 1992t0 8.76
cents/kWh in 2010. Residential natural gas
prices are projected to increase from $5.87/
MMBtu in 1992 to $6.92/MMBtu in 2010.
Residential digtillate prices are projected to
increase from $6.86/ MMBtu in 1992 to
$8.72/MMBtu in 2010.

Appliance purchase decisions are based on
operating expenses, as well as on equipment
price.

Manufacturers are projected to respond to
consumer demand for energy efficiency.
Engineering designs that are technologically
feasble and attractive to purchasers are
assumed to be available.

The lifetimes of appliances are projected to

remain the sameasempiricaly observedin the
past, independent of energy efficiency.

Data Sources
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of 1.0%, 0.6%, and 0.3% for single family,
multifamily, and mobile homes, respectively, from
1993 to 2010.

The Annual Energy Outlook 1995 projects annual
housing starts of 1.03 to 1.06 million for single
family, from 1992-2010, of 0.17 to 0.50 million for
multifamily, and 0.21 to 0.23 million for mobile
homes.

TheAnnual Energy Outlook 1995 projectsgrowthin
real disposable persona income for the nation as
2.0% per year from 1993 to 2010.

TheAnnual Energy Outlook 1995 projectsannud growth
of 0.3% for resdentid dectricity prices from 1993
to 2010.

Research on equipment sales for competing
aternatives and on historica efficiency choices
indicates that operating expenses are significant
variables.

Industry is competitive and historically has
responded to changes in consumer demand.

Retirement functions are based on reconciliation of
historical gppliance stocks and shipments. To date,
efficiency improve-mentshave occurred without any
apparent effect on reliability.
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TheL BNL-REM takestherangeof possbleenergy efficienciesof new equipment fromthe Engineering
Analysis. The purchase price of these products is derived from the factory cost supplied by the
Engineering Analyss and adjusted for manufacturer and dedler markups in the Manufacturer Analysis.
Historica housing stocks and starts are from U.S. Department of Commerce, Bureau of the Census.
Projected energy prices, household incomes, and housing stocks and starts are from U.S. Department of
Energy, Annual Energy Outlook 1995.

Model Outputs

The principal outputs from the LBNL-REM for each year are:

« Nationa energy consumption by end use and fuel;

e Per-unit equipment price and operating expense by product;

e Totad residentia energy consumption by fuel;

* Projected annua shipments of residentia appliances; and

» Differencesin these quantities between a base case and each efficiency level case.

These outputs are provided annualy (or for selected years) and cumulatively for the period 1999-2030.
Energy savings from dternative energy efficiency levels are provided annudly to the end of the period.
Net present value (NPV) of alternative efficiency levelsis evaluated for each regulated product.
Cost-Benefit Analysis

The costs and benefits of the alternative efficiency levels from a national perspective are
quantified by caculaing anet present vaue. The NPV isthe sum of discounted savings in operating
expenses minus the sum of discounted increases in equipment prices.

DOE has determined that 7% redl isthe appropriate discount rate for calculating societal NPV. The
NPV of dternative efficiency levelsis also calculated at consumer discount rates of 4% and 10% as
sengitivity analyses.

Different assumptions about technology choice are invoked when calculating energy savings of
efficiency levels on the one hand, and when calculating the net present benefit of efficiency levels on
theother. Energy savingsarethe net of any adjustments househol ds makein changing their technology or
fuel choice or from using appliances differently. For example, if, after implementing new efficiency
levels, aregulated product captures larger market shares (without displacing consumption of another

fue), then the net energy savings will be diminished. The energy savings are caculated as the net result
of implementing new efficiency levels, accounting for such secondary effects as shifts in market share.
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NPV excludesthesesecondary effects. Base casepurchasebehavior, without market sharechanges, is
assumed in calculating the NPV, because any market share shift reflects the consumer's judgment that
changeisworth morethan the direct energy savings associated with keeping market share constant. NPV
is caculated from per unit changes in equipment and operating costs, multiplied by efficiency level case
shipments. If the NPV was cal culated without normalizing to shipments, the results would be erroneous:
if implementing new efficiency levels caused decreased purchase of a product, this would appear as an
economichbenefit, namely lessmoney spent onpurchasingand useof theappliance,>andif implementing new
efficiency levels caused an increase in purchases, this would be counted incorrectly as a cost, when it
actually reflects consumers preference for the post-efficiency level product.

3.3.3 LBNL Manufacturer Analysis Model (LBNL-MAM)
Conceptual Approach

The Manufacturer Impact Analysis estimates both the short- and long-run impacts of alternative
efficiency levels on profitability (return on equity) and many other variables for each industry under
congderation. All computationsused in thisandysisare carried out by the Manufacturer AndyssMode
(LBNL-MAM). TheLBNL-MAM isagureadshest composad of thirteen modules It conddsof theearlier LBL-
Manufacturer Impact Modd (LBL-MIM) dongwithVerson 1.2 of the Government Regulatory Impact Model
(GRIM) deve oped by theArthur D. Little Consulting Company under contract to the Association of Home
ApplianceManufacturers(AHAM), the Gas A pplianceManufacturersAssociation (GAMA), and the Air-
conditioning and Refrigeration Ingtitute (ARI). Figure 3.3 displays inputsto LBNL-MAM and their
interactions. 1n addition to computing estimated values for the above-mentioned descriptive variables,
theLBNL-MAM aso computesstandard errorsfor each by explicitly eva uating the tandard errorsinthe
estimates of input variables and then using Monte Carlo simulations.

Measures of | mpact
Three types of long-run impacts are andyzed: 1) profitability, 2) growth, and 3) competitiveness.

To do this, the following six measures of impact are tracked for the industry: 1) shipments, 2) price, 3)
revenue, 4) net income, 5) return on equity (ROE), and 6) industry net present value (NPV).

® Without normalization, the greatest economic benefit would be obtained by efficiency levelsthat resulted in no future
purchases of the product. Then, no money would be spent on purchasing the product, or on operating expenses, and the
vaue of the savings would equal the amount of money that would have been spent without implementing the efficiency
levels. Clearly, thiswould be a misrepresentation of the NPV of alternative efficiency levels.
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Figure 3.3 Conceptua Approach to the Manufacturer Analysis Model

ROE isthe primary measure of profitability, although gross margin, return on assets, and return on
sdesaredsoreported. Changesin assets and revenue are the measures of growth (positive or negative).
Because both of theindustriesandyzed arein an historical process of consolidation, any decreasein ROE
will tend to hasten this process; thus, ROE aso provides an indication of the impact of efficiency levels
on competitiveness. Industry NPV istheoreticaly identical to ROE but has been included to provide
additiona insight into the impact of implementing new efficiency levels.

A short-run calculation isalso made. If the long-run calculation indicates a decrease in sales, the
predicted priceisreduced by an amount determined by the industry's observed behavior during historical
downturnsin sales. The adjusted price is used to calculate the other measures of impact.

Description of the LBNL-MAM

Although LBNL-MAM examines many aspectsof an indudtry, its most important role isto compute the
effect on profits and industry net present value of a cost increase caused by implementing aternative
efficiency levels. To accomplish this, the mode first estimates how much of the cost increase is passed
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on in the form of higher prices. (An accompanying effect is the decrease in operating expense due to
imposed efficiency levels, which makes the product more desirable to the consumer and, thus, increases
demand for the product.) Then, it estimates how this price increase and the accompanying reduction of
operating expenseinfluence demand. Findly, giventhenew priceand leve of demand, it computesanew
leve of profit. These calculations use estimated long-run costs. The LBNL-MAM makes an additional
calculation to correct for any short-run difficulties the industry may have in achieving its long-run
markup and also estimates the impact of alternative efficiency levels on industry net present value.

It isimportant to note from the start that the model does not assume perfect competition, nor does
it assumethat the level of profit will remain unchanged. The results of the model depend entirely on the
input values.

The basic behavior of the modd can be understood only in light of the following standard economic
consideration. In the long run, an increase in fixed costs will not be passed on via a price increase
except when it is sufficient to cause some firmsto leave the industry.® This result is derived from the
assumption that firms act individualy to maximize profits and from the definition of fixed costs as those
that are not proportiona to output. The mathematical derivation isgivenin Appendix C of thisvolume.

A second influence on profitsis the change in purchases resulting from both the changein price and
the change in operating expense. These tend to offset each other because price increases lower quantity
demanded, andincressedefficiency increasesdemand (by lowering operating expense). TheLBNL-MAM takes
these effects into account through the use of two demand el asticities which play an important role in
determining the outcome and are therefore examined more closaly in the sensitivity analysis.

Assumptionsin the Analysis

This section begins with aseries of short discussions of different aspects of the modeling procedure
that require careful interpretation (such as "long-run variable cost") or smplifying assumptions. This
isfollowed by alist of more detailed assumptions.

Thelong-runcosts. The LBNL-MAM requiresinput of long-run cogts. A firmisinlong-run equilibrium
when it has optimal productive capacity. Thus, during a recession (when firms experience excess
capacity), firms are not in long-run equilibrium, and the theory of price as a markup over long-run costs
may not apply. Long-runfixed costsarethosethat remain unchanged when afirm movesfromonelong-run
equilibrium to another; they do not include capital costs that are proportiona to output. The latter are
consdered long-run variable (margind) costs and are marked up and passed on. To the extent that costs
are not strictly proportional to output, but decrease on average with quantity produced, there are fixed
costs. Also, acost that does not depend on the scale of production, i.e., an engineering cost, is a
long-run fixed cost.

® When firmsleave the indugtry, the latter becomes less competitive and the remaining firms can increase their markup
over variable costs, thus, indirectly covering their increased fixed costs.
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Useof "typical” firm. The andyss estimates theimpact of the efficiency levels by using "typica”
firms. A typicd firmisahypothetica firm that is described by industry-average values. Each oneis
modeled asif it produced only products of the industry being analyzed. This procedureisjustified by
the observation that redl firmsgenerally are organized into autonomous divisions, each of which produces
adifferent type of appliance and one of which generally correspondsto theindustry being modeled. Also,
these divisions are generaly run on a profit-and-loss basis smilar to a firm. It is not feasible to
anayze inter-divisiona interactions within real firms,

Aggregation. Generdly, it has been impossible to obtain data on cross-elasticities of the various
product lineswithin an industry. Therefore, data for the various products are aggregated before the
markup is computed and gpplied. However, once the aggregate ca culations have been made, individua
prices are computed for the various classes of products.

How alter native efficiency levelsareimplemented inthemodd. A changeinenergy efficiency levels
affects the inputs to the model in three distinct ways. In general, the implementation of stricter
efficiency levels will require additional investment, will raise production costs, and will affect
revenue through both price and demand.

The mosgt obviousinvestment induced by theimplementation of new efficiency levelsisthe purchase
of new plants and equipment. This cost isfirst evaluated from engineering data, and then amortized by
taking into account the life of the investment, the date at which it is made, tax laws, and the appropriate
cost of funds. An additional, and sometimes larger, investment takes place as the old inventory is
replaced with moreexpensivenew units. Themode assumesthat theratio of inventory to revenueremains
unchanged; inthisway both changesin quantity sold and unit value are taken into account. A third form
of investment tracked by the LBNL-MAM isthe changein the demand for cash that accompaniesachangein
revenues.

Financial inputs. Severa smplifying assumptions are used in the process of generating inputs for
theLBNL-MAM. Firg, dl firmswithin aparticular industry segment (e.g., large manufacturers of water
hegters) are assumed to have the same cost structure. Second, it is assumed that financial data collected
for the parent company are representative of the specific product division being studied. Thesedatacome
from publicly available sources such as Value Line, Standard and Poor's, Moody's, and company reports.

I mpact Analysis: An Overview

The next section provides a general discussion of the methods of the impact analysis together with
some cautions about interpreting the results.

The significance of long-run impacts and how they are anadlyzed are discussed below. Theseimpacts
are most important Smply because they will either persast or be so severe asto cause a restructuring of
the industry. The meaning and analysis of short-run impacts are also discussed. Additionally, the
various types of sensitivity analysis performed on the model's results are discussed. Thisanalysisis
crucid for understanding the accuracy and reliability of the model's predictions, and includes the use
of aternative scenarios, sensitivity checks on individua inputs, and Monte Carlo simulations involving
the random selection of al control inputs.
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3.3.3.1 Long-Run Impact Analysis

The heart of the modd isthe long-run impact analyss. It assumes that enough time has passed for
any changesindemand to havebeen accommodated by changesintheindustry'sproductivecapacity. Thus,
in the long-run, capacity, or capital stock, isvariable. Because capital is sometimes thought to be the
only fixed cogt, it might seem that fixed costs would be zero in thelong run. Thisis not the case. For
the purpose of price determination, whenever there are returns to scale, there are, effectively, fixed
costs. Thismeansthat if the cost of meeting aternative efficiency levelsis less than proportiona to
plant capacity, there are fixed costs. Design costs would typicaly fal into this category. See Appendix
C of thisvolume for a more detailed discussion of the long run.

The fraction of increased costs of production (due to more stringent efficiency levels) that
manufacturers are able to pass on is determined by the nature of the cogt, i.e., whether it is fixed or
variadle, the price elasticity of demand, and the consumer discount rate as seen by the price-setting
firm. Oncethe priceincrease has been determined, it and the operating expense decrease (obtained from
engineering data) are used with the price elasticity of demand and the discount rate to determine the
changein sdes. These mechanisms are presented in Figure 3.4, which displays the most basic economic
forces analyzed by the LBNL-MAM.

As shown in Figure 3.4, the two cost changes do not trandate directly into price changes. Instead,
the reduction in operating costs makes the appliance more desirable, thereby shifting the demand curve
out (e.g., anincreasein production costs changes the marginal cost curve). Together, these determine
price and the number of units shipped (quantity). Price and quantity, together with production costs,
determine net income (profit), and these, together with changesin capital stock (not shown), determine
ROE.

The LBNL-MAM simulates the implementation of dternative efficiency levelsasfollows. For each
product, a set of engineering designsis specified. For each design, the engineering analysis provides
aper-unit cost, a one-time capita cost, and an energy usage. The two costs effectively determine the
production costsused in Figure 3.4 and theenergy usage determinesthe operating expense. TheLBNL-MAM
caculatesaweighted average of the two costs and the energy usage for the relevant engineering designs.
Thewel ghtsused correspondtotherel ativenumbersof shipmentsfor eachengineeringdesi gnasdetermined
by LBNL-REM.

Another and more subtle point is that markup is determined by price elasticity, and because

life-cycle-cost eadticity is constant, price easticity changes with a change in either price or
operating expense. This change in markup can have an important impact on ROE.
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Figure 3.4 How Alternative Efficiency Levels Cause a Change in ROE and NPV

Themarkup discussed hereisamarkup over economicvariablecosts, whichisabroader category than
the typical business definition of variable costs. The manufacturer markup listed in the model and this
volume is used only to calculate the baseline model price (calculated by multiplying the basdline
manufacturer cost by the manufacturer markup). Thisiscaledthecdibration casein LBNL-MAM. The
manufacturer markup listed is not used in calculating the manufacturer prices for the base case or the
dternative efficiency levels. In these cases, the manufacturer priceis calculated from the economic
markup’ which, as described above, is dependent on elasticities, discount rates, and price and operating
expense changes. Thus, prices at different efficiency levels do not exactly reflect the manufacturer cost
times the manufacturer markup.

Typicd results of an analysis of an dterantive efficiency level at a particular level might be the
following: wholesde price increases 10%, sales decline 2%, revenue increases 8%, net income increases
12%, and ROE increases 0.5%. Associated with each of these numbersisastandard error. The errors might
beasfollows 4% on price, 1% on saes, 4% on revenue, 10% on net income, and 1.5% on ROE. Tointerpret
the prediction for ROE, one could then conclude (by checking atable of thenorma distribution) that there
is about a 69% chance that ROE will increase, and a 31% chance that it will decrease. One could aso
conclude that the chance of profits declining by more than 2% is only 2.3%.

" For athorough description of how markups are derived and used in LBNL-MAM, see Appendix C of this volume.
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3.3.3.2 Short-Run Impacts

In the shortest run, capacity is fixed; however, the short run of interest is, at the shortest,
approximately threeyears. During thistime, some changein capacity may occur, and demand, apart from
thechangeinduced by implementing new efficiency levels, will change. Demandfor bothtypesof appliance
IS projected to grow by approximately 2% during the three years, so, to that extent, it will alleviate any
tendency toward excess capacity resulting from imposed efficiency levels.

In order to simplify the analysis and to take a cautious approach, the analysis has ignored the
ability of the industry to actively or passively adjust its capacity relative to demand. The estimated
short-run effect is what would happen if the industry converted, as aresult of efficiency levels being
implemented, all of its present capacity, and if the demand curve did not shift except as an indirect
consequence of imposed efficiency levels.

Theshort-run analysisis based on the and ogy between achangein demand caused by imposed efficency
levels and one caused by the business cycle. The business cycle periodicaly presents the industry with
afairly sharp decrease in demand that is much greater than the decrease predicted for any of the
efficiency levels. Thisdemand shortfal seemsto present al of the opportunities for price competition
that would accompany a shortfall resulting from a change in efficiency levels. Datafor the last few
business cycles (18 years) have been analyzed to determine the ratio between the decline in demand
(industry-wide) and the induced declinein price.

If, for example, the long-run prediction is for a decline in demand of 2%, then, using the above
figure, the short-run price could be predicted to be 0.06% (0.03 x 2%) lower than the long-run price.
Actudly, thisisjust afirst approximation, and the model does better, as follows: the short-run price
responsefactor (SRPR) of 0.03meansthat the short-run pricewill be0.06% lower than predicted with the
long-run price formula if the actua decline in demand is 2%. Thisis different from the long-run
prediction of a2% decline, because the short-run price fal will keep the long-run demand fal from fully
materidizing. Thus, in the short run, the actud fal in demand will be less than the long-run prediction
of 2%, and the actud fal in price will be greater than the long-run prediction, but not by a full 0.06%.
Short-run demand and price must be determined s multaneoudy, which occursin the short-run modul e of
LBNL-MAM.

Short-run prices, profit levels, and other variables will gradually, over a period of severa years,
approach their long-run values. How long this will take depends on the industry, on the fact that the
implementation of new efficiency levelsisannounced three or four yearsin advance, and on how fast (and
if) the demand for the product is growing.
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3.3.3.3 Industry Net Present Value Analysis

In thisanadyds, the LBNL-MAM was modified to include an andyss of the impacts of dternative
efficiency levels on industry net present value. Beginning in late 1990, anumber of trade associations®
contracted with the Arthur D. Little consulting firm to develop a model they named the Government
Regulatory Impact Modd (GRIM). Given exogenoudy-supplied price, shipments, and cost inputs, the GRIM
provides an analysis of efficiency levels on industry net present value (NPV). Theoretically, NPV
provides an alternate measure of impact that isidentica to industry ROE that has been historicaly used
by the LBNL-MAM.

Inresponseto theindustry'sconcerns, theLBNL-MAM hasbeen modified toincludedl the programming
code from thelatest version of the GRIM that isavailable.® The GRIM has been integrated as a separate
modulewithintheL BNL-MAM andgeneratestheindustry net present val ueanalysi sgivenprice, shipments,
and cogt inputsfrom LBNL-MAM. For adetailed explanation of the GRIM moduleand itsintegrationwiththe
LBNL-MAM, please refer to Appendix C herein.

3.3.3.4 Senditivity Analysis

Both because of the nature of the information required and the desire of sources to protect
proprietary information, many of the data used by the model represent uncertain estimates. Therefore,
the effect of these uncertainties on the accuracy of the model's predictions is analyzed. Two types of
guestions need to be answered. First, how does a particular input variable contribute to the uncertainty
of the outputs? Second, how uncertain is the estimate of a particular output variable?

Sengitivity charts

The modd's sengtivity to inputsis measured by the impact of a change of one standard error (SE.)
inthe input variable. Thisanalysisis presented only for the impact of input variables on ROE; this
gandardizes and smplifiesthe process. The results are displayed in a sensitivity chart, an example of
which is given and explained below (Table 3.2).

8 Association of Home Appliance Manufacturers, Gas Appliance Manufacturers Association, and Air-conditioning and
Refrigeration Ingtitute.

9 GRIM Version 1.2 dated 1 March 1993; received from AHAM in March 1993.
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Table 3.2 Sensitivity of ROE to 1 S.E. Changein Control Variables

Scenario = Primary

Control Variables Efficiency Levels

Name Value Changed 1 2 3 4 5

IPE -0.300 -0.690 0.06% 0.07% 0.15% -1.65% -4.27%
RD 50.00% 114.96% 0.00% 0.15% 0.22% 1.32% 2.81%
ECC 0.068 0.075 0.00% 0.00% 0.00% -0.01% -0.04%
EP 0.008 0.018 -0.01% -0.01% -0.02% 0.07% 0.15%
FCA 0.098 0.157 0.00% 0.00% -0.01% 0.06% 0.13%
F1X 0.200 0.348 -0.09% -0.10% -0.14% -0.17% -0.30%
CC.N 0.394 0.480 -0.02% -0.03% -0.04% -0.07% -0.16%
dvVC.N 5.124 6.872 0.00% 0.01% 0.01% 0.05% 0.01%

Table 3.2 lists the sengitivities of ROE to the control panel inputs defined below:

agrwhpE

IS

7.
8.

|PE = industry price elasticity

RD = consumer discount rate

ECC = firm's real equity cost of capital

EP = firm's economic profit

FCA = percentage of afirm's coststhat arefixed before theimplementation of new efficiency
levels

F1X = percentage of one-time costs (i.e., costs that are induced by implementing new
efficiency levels) that are fixed

CC.N = estimate of one-time capital costs induced by aternative efficiency levels
dVC.N = increase in variable costs necessary to reach an efficiency level

Notethat for CC.N and dV C.N the change of one standard error from the meanisapplicablefor efficiency
level 2 only. Thesetwo variables are dollar values rather than percentages, and thus their value and the
change in one standard error are different at each efficiency level.

To construct the table, each control variableisfirst set to its normal value. Next, one a atime,
each isincreased in absolute value by one standard error and the change in profit isrecorded. Then the
variable is returned to its normal value and the next variable is tested. The matrix in the table lists
the percentage point changein ROE asaresult of the change of one standard error in the varigbles value.
The change in ROE islisted for each control panel variable and at each efficiency level being analyzed.

Volume 1: General Methodology

Page 3-23



Since each variable hasits own standard error, the sensitivity reported in the table measures both
how sengtive the modd isto a changein the variable, and how uncertain the variables value is. Note
that thechangein profitissmply thedifferencebetweenlong-run ROE and base case ROE. Notea sothat,
as expected, increasing the absolute values of some variables increases ROE and, for other variables,
decreases ROE.

The comparison of the various inputs contributions to the uncertainty in ROE focuses attention on
the parts of the modd that should be examined most closaly to determine their accuracy and on the parts
where improvement in the certainty of input variables would have the greatest payoff. Because of the
differences in the sensitivities among input variables, it will generaly be found that one to three of
theinputs will dominate the model's uncertainty, in the sense that perfecting all the rest of the inputs
would make only a negligible difference to the model's accuracy.

Alternative Scenarios

For each gppliance class and hypotheticd efficiency level, hundreds of different scenarios are run
for the Monte Carlo andysis described in afollowing section. However, afew scenarios that involve
different demand elasticities are singled out for specia attention.

If the reader wishesto estimate some other scenario not reported here, he or she can often Smply use
the sengtivity charts. To do this, first look up how sensitive ROE is to a one standard deviation change
inthe control variablesthat are changed by the proposed scenario. Then estimate by how many standard
deviations the desired scenario variables differ from the primary scenario control variables and
caculate a proportiona changein ROE. Lastly, add the changes in ROE resulting from the different
variables. This method should be reasonably accurate for changes in the control variables that are likely
to be of interest.

Uncertainty of Outputs (Monte Carlo Analysis)

Output uncertainty ismost directly addressed by the Monte Carlo andyss. Thisanayssassgnsan
uncertainty to each of the nine control-pand input variables and then chooses a vaue for each based on
this uncertainty. The modd isthen solved using these randomly chosen variables. All of the important
outputsaretabul ated onthe M onte Carlo pageof themodd. Theseoutputsare changesfrom thebase case
of price, shipments, revenue, netincome, long-run ROE, and short-run ROE. Next, new vauesof theinput
variablesaredrawvn fromthesamedigtribution. Themodd isrun again and thenew outputsrecorded. This
cycle can be repeated as many as 400 times (or more). After a sufficient number of runs, the mean and
standard deviations of each output variable are computed.

The standard deviations of the Monte Carlo output variables are the best estimate of the true
uncertainty of the model's predictions. However, this does not mean they are absolutely reliable because
they are based on estimates of the uncertainty of the inputs, and these are often not based on something
as objective asthe standard error of aregression coefficient. In short, if the uncertainty in the inputs
is misperceived, the estimate of uncertainty in the outputs cannot be relied upon. Nonetheless, the
gandard errors generated by the Monte Carlo procedure are useful for the interpretation of the LBNL-MAM
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outputs.

Assumptionsin the Analysis

Justifications for the most important assumptions of the Sensitivity Analysis are listed below.

Assumption

¢ Hrmsmaximizerevenuesminuseconomiccosts
(R-EC), where EC includesthe cost of equity
and all taxes.

e The life-cycle-cost easticity of demand
experienced by a single firm is constant.
Thismeansthat price elasticity will tend to
decrease with operating cost. Note aso that
since price dadticity is finite, firms have
market power.

o Costsareassumed to have two compo-nents:
one fixed, and one proportional to quantity.

o Assetsare assumed to be alinear function
of sdes.

e The debt-to-equity ratio remains constant
while the firm finances any investment
necessary to meet any imposed efficiency
levels.

Volume 1: General Methodology

Justification

This follows from the assumptions of standard
economic theory, in which firms are rational
profit maximizers,

Thereisno reason to assume that life-cycle-cost
elagticity either increases or decreases with
cost; thus, constancy is the base assumption.

A linear cost function approximates any smooth
curve over asmal region; since quantity changes
very little with new efficiency levels, the linear
approximation should be adequate.

Same as previous justification.

Firms attempt to maintain a relatively constant
overal debt-to-equity ratio, which they believe
isoptimd. Although specific new expenditures
(such asthose induced by new efficiency levels)
may be financed primarily by debt or by equity, in
the long run, the debt-to-equity ratio will be
restored to its desired value.
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Assumption

The additiona costs of parts, materials, and
labor are assumed to be long-run margina
costs.

A percentage (that varies from industry to
industry) of capital costs are long-run fixed
costs.

Anyfdlindemand causad by implementing new
efficiency levels (because of a price
increase) will affect prices in the industry
by the same amount asanormd fdl in demand
experienced during the business cycle.

Justification

These cogts are proportional to production
except for casesin which there are discounts
for large quantity purchases. Industry
sources state that at the scales of
production under consideration, these
discounts are very nearly exhausted.

Althoughindustry informantshave stated that
one-time capital costs will be proportional
to the production capacity of the plant in
question, it seems inevitable that there will
be some associated engineering coststhat are
not. These will be long-run fixed costs.

Totheextent that anormal demand short-fall
reduces the firm's short-run marginal cost,
the demand decrease caused by implementing
new efficiency leveds will  be
indistinguishable. The crucia assumption
here is that the business cycle does not

influence the consumers easticity of
demand. Thereisno evidence oneway or the
other on this.

Outputs of the LBNL-MAM

The LBNL-MAM tracks Sx essentid output variables, with emphasson ROE. The other five varidbles
arel) industry NPV, 2) price, 3) sales, 4) revenue, and 5) net income. Base case and short- and long-run
vauesof thesevariablesarereported on the control panel. Inaddition, LBNL-MAM constructsan output
table that shows the long-run values of the variables at each of the efficiency levels under
congderation. LBNL-MAM aso produces asmplified income statement. As part of its algorithm, it
ca culates the markup from manufacturers coststo consumer purchase price. The purchase priceisused
inthe cdculation of price-efficiency curves, the life-cycle-cost curves, and the calculation of payback
periods, and throughout the LBNL-REM.

All of these values are estimates that necessarily reflect some uncertainty. Estimates of these
uncertainties and identification of their sources comprise another set of model outputs. Under each
estimate of one of the five main output variables, the output table displays that variable's change from
itsbaselevd and the standard error of the estimate of that change. The LBNL-MAM aso computes the
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effect on ROE of a one-standard-deviation change in each of the control variables. Thisisreported for
each efficiency level in a sengitivity chart, designed to help discover the source of uncertainty in the
output variables.

Data Sources

The LBNL-MAM uses datathat characterize both a particular industry and typica firmswithin that
industry. Estimates of data are based on information from five general sources. 1) the Engineering
Andyss, 2) the Consumer Andlysis, 3) industry consultants, 4) public financial data, and 5) industry
profiles. A detailed discussion of mode inputs appearsin Appendix C of the product-specific discussion
of ranges and ovens (Volume 2).

3.3.4 Appliance Standar ds Environmental and Utility Model (ASEUM)

Thetwo andysesused in the prior appliance stlandards rulemakings, the Utility Impact Model and the
Environmenta Andys shavebeenintegratedinonenew modd , theA ppliance StandardsEnvironmenta and
UtilityModel (ASEUM). By calculatingutility avoi ded costsand | ost revenues, ASEUM providesmargina
eectricity coststo be used in evaluating the societal benefits of alternative energy efficiency levels.
ASEUM also quantifies impacts on the electric utility industry's need for new generating capacity.
Appendix E of this volume contains more information on the model and data used to perform these
calculations.

ASEUM adoptsthe standard industry convention that the financia value of ectricity savingsto an
electric utility can be broken down into fuel cost savings and capacity cost savings. The sum of the two
isusudly cdled avoided cost. The fuel cost element measures variable production costs avoided by
reduced electrical demands, valued at marginal input fudl costs. The capacity cost measures the value of
reduced loads during system peak periods; that is, the reduced requirement to have capacity available to
meet peak demand. Thissaving is often valued at the cost of a combustion turbine, which is usually
considered the lowest cost capacity available. This convention is explained in Appendix E. ASEUM
calculates the avoided cost rate per kWh of energy saved. These values are used to calculate societal
benefits from reduced electricity consumption.

ASEUM cd culatesavoided energy costsbased on adisaggregation of thenationd generationfuel mix
totheten Nationa Electric Rdiability Council (NERC) regionsand asmplified|oad duration curve (LDC)
for each region. No attempt is made to segment the demand by region, but rather the eectricity demand
lossis assumed proportional. The fraction of the electricity that would have to be generated at the
margin from oil and gasis caculated from total regiond oil and gas generation and a smplified LDC.
Projected utility natural gas and coal prices, weighted by the oil and gas margina fraction and the
non-oil and gas marginal fraction, respectively, are used to calculate utility marginal energy costs
during the forecast period.

The avoided-capacity cost caculation in the mode is based on a conservation load factor (CLF) for
the energy savings attributable to the efficiency level, as well as the cost of a combustion turbine. A
CLF is defined as the average load savings of a conservation measure (in kW) divided by its peak-load
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savings Thepeek savingsare averaged over an on-peek period from 0800 to 2000. Thiswide on-pesk period
yidlds aconservative estimate for peak-load savings that accounts for coincidence with system peak
demand.

The CLF isused to characterize the peak demand savings of a conservation measure. It isused to
convert the capacity vaue of the dternative efficiency levelsinto aper kWh vaue described above. The
anayss assumes that the load shapes of gppliances do not change as these appliances are made more
efficient.

The NERC forecasts of capacity requirements for each region are used to account for regional
variaionsin reserve margin. If NERC predicts an adequate reserve margin in aregion for agiven future
year, no reliability value is given to the peak load savings in the region.

The net revenue lossis equal to the difference between the revenue reductions and avoided costs.
Revenue reduction is caculated by multiplying the change in electricity consumption by the average
national residential rate. Avoided costs are calculated from the change in electricity consumption
multiplied by the per-unit, avoided costs.

The inputs needed for the utility impact caculations include el ectricity savings, conservation load
factors, utility fuel prices, average electricity prices, electricity generation by fud type, and
capacity need by NERC region. Theoutputsof theandys sarethereductionintheneedfor new generating
capacity, thenet changeinrevenues, and theavoi ded energy and capacity costsfor an applianceper MMBtu
of source energy. These marginal costs are used to calculate societal costs and benefits of implementing
new efficiency levels.

Assumptionsin the Analysis
Justifications for the most important assumptionsin ASEUM are listed below. These assumptions

include the shape of the regiona LDCs, conservation factors that remain constant through the analysis,
the regiond distribution of energy savings, utility margina costs, and the substance of NERC forecasts.
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Assumption

The andyds cdculates the period during which
oil and gas or coa are the marginal fuels for
electricity generation based on asmplified LDC
for eech NERC region. It therefore assumesthat
thisLDC accurately reflects the distribution of
fuels on the margin.

Oil and gasfractions (OGFs) for eeach NERC region
remain constant throughout the analysis period.

Energy savings accrue in each region in
proportion to the region's consumption of
heating, cooling, and baseload energy in 1980.

Utility marginal energy costs are calculated
using the sum of utility natural gas and coal
prices weighted by the oil and gas fraction and
the non-oil and gas fraction, respectively. This
approach assumesthat al margina generationhas
the same heat rate.

Volume 1: General Methodology

Justification

Thereislittle information by NERC region on
whichfudsaremargind. Snce NERC suppliesthe
total amount of fuel burned for generation, a
method isneeded to convert total generation into
an estimate of margind generation, and using an
LDC isthe usua way to derive such an estimate.
Becausemost peak generating technologies, such
as gas turbines, use light fuels, these fuels will
be used by utilities to meet peak loads; hence,
oil and gas are assumed to be at the top of the
LDC. The other fuel assumed to appear on the
margin is coal, since nuclear, hydro, and
purchasesfromindependentgeneratorsareusudly
base-loaded.

Constant OGFs are assumed to simplify
computation. The OGFsare calculated using the
amplifiedL DCsdescribed aboveandby averaging
NERC forecastsof thetotal amount of oil and gas
generation for theyears 1990 to 1995. Thereare
no forecasts for the amount of oil and gas
generation after 1995. Because these
caculations are highly uncertain, and because no
other forecasts are avallable, the anaysis
assumes constant OGFs.

This gpproach is an goproximation made necessary
by insufficient information and for computational
convenience. Informationisavailable on average
saturations and appliance  efficiencies, by
state, that can be aggregated to NERC regions.

Different generating units have different heat
rates, but the extent of this variation for
utility generating systems in different NERC
regions has not been caculated. A 34% energy
conversion efficiency is typical for current
generating units.
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Assumptions Justification

» TheNERC forecasts of changes in adjusted The NERC forecasts are widely accepted.
reserve margin are accurate. They are the only forecasts of adjusted
reserve margin at the regional level.

3.35 Life-Cycle Cost Analysis, Payback Period, and Cost of Conserved Energy

One measure of the effect of implementing new efficiency levels on consumersis the change in
operating expenses as compared to the change in purchase prices. These changes are quantified by the
differencein life-cycle costs (LCC) between the base and efficiency leve casesfor the appliance classes
andyzed. TheL CCisthesum of the purchase price and the operating expense discounted over thelifetime
of the gppliance. It iscaculated at the average efficiency for each classin the year efficiency levels
areimposed using real consumer discount rates of 2%, 6%, and 15%. The purchase priceisbased onthe
factory cogtsin the Engineering Analysis and includes a factory markup plus a distributor and retailer
markup. Maintenance and ingtalation costs are included, when appropriate. The operating expenseis
ca culatedusingtheunitenergy consumptiondataintheLBNL-REM. Energy pricesaretakenfrom Annual
Energy Outlook 1995 and appliance usage are taken from the results of the LBNL-REM.

Thelife-cyclecost andys sa soexaminesthepayback periods(PBPs) and the cost of conserved energy
(CCE) associated with the dlternative efficiency levels. The PBP measures the amount of timeit takesto
recover additiona investment in increased efficiency through lower operating costs. Numericaly, itis
theratio of the increase in purchase price between the base and efficiency level casesto the decrease
inannua operating expenditures. Both the numerator and denominator of this expression are evauated
a the average efficiency in the year new efficiency levels come into effect and at energy pricesin that
year. The CCE istheincrease in purchase price amortized over the lifetime of the appliance, divided by
the annual energy savings.

Detailsof these cdculations may be found in Chapters 4 of the product-specific discussion of ranges
and ovens (Volume 2).

3.3.6 Environmental Analysis

Asmentioned in Section 3.3.4 above, the ASEUM mode now conducts both the electric utility and
environmenta andyses. Further details of the environmental calculations and results can be found in
the Environmental Assessment, whichisincludedinthisvolume. Theenvironmenta caculaionsare quite
sraightforward. Reductionsinenergy useestimated by LBNL-REM aremulltiplied by emissionsfactorsto
estimate net emissions reductions.
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The main environmental effects of eectricity generation and distribution on air and water quality
result from emissions of sulfur dioxide (SO,), nitrogen oxides (NQ,), and carbon dioxide (CO,). With
the dternative efficiency levels lessening the need for eectricity generation, in general, power plant
emissonswouldbereduced. However, thecaseof SO, iscomplicated by theemissonscap provisonof the
1991 Clean Air Act Amendments. Inthe case of thispollutant, the reduction in emissonsreported should
be interpreted as reduced demand for emissons. Physical emissions of SO, will mogt likely not change,
athough the price of emission allowances should be lower than the case absent the imposition of new
efficiency levels. The ASEUM modd a so estimatestheeffect of implementing new efficiency levelsonthe
three emissions resulting from in-house combustion.

The numerous other, but more minor, effects of power generation, such aswater pollution, land-use
effects, etc., are not covered in the analysis of appliance energy efficiency levels. The net effect of
an gppliance energy efficiency level on such environmenta problems are just too small to be measurable.

Themultipliersusedin this Technica Support Document are derived from areport that accompanied
the 1991 NES(6). Estimation of multipliersover future periodsis not as straightforward asit may seem.
Our reasonable expectation is of improved emission controls over time and the effectiveness of these
improvements must be forecast. In addition, future restrictions on emissions of greenhouse gases could
have amgor impact on CO, emissons. Table 3.3 shows some sample emission factors. Asisclear, the
forecast emission factor for SO, falls dramatically as the provisions of the Clean Air Act become
effective. The factor for NO, falls, but less dramatically, while the CO, emissions, which have no
currently known feasible abatement strategy, fall modestly.

Table 3.3 Emissions Factorsfor Power Generation

SO, NO, CO,
Y ear o/kWh o/kWh o/kWh
2000 3.463 2.578 964.2
2010 2.550 2.216 977.5
2020 1.639 1.897 973.2
2030 0.951 1.169 952.1

Clearly, the gpproach used in this analysis assumes that the generation avoided will be similar Is
thisin its environmental effects to average generation. That is, no effort is made to conduct a marginal
rather than average andysis, even though the fraction of time that a certain fuel isamargina fuel will
not be the same as its share of overall generation. For residentia air conditioning and cooking, this
isareasonable assumption. Generation will be reduced at dl times of the year and cod and gaswill both
be marginal for some of the time.

Table 3.4 showsthe emissonsfactorsused for in-house emissons, which are assumed fixed over the
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forecast period.

Table 3.4 Emissions Factorsfor In-House Emissions

Y ear

SO,

NO,

CO,

Gas

Oil

Gas

Oil

Gas

Oil

2000

0

134.6

451

55.9

47291

72485

34 SENSITIVITY ANALYSIS

Sengitivity studies are performed to determine how changesin technicad and operationa parameters
affect key engineering and economic indicators used in the evaluation of appliance energy efficiency
levels. Thismakesit possble to place bounds on the uncertainty in the results of the analysis and to
gain an understanding of which variables are most important in producing these results. Sengitivity
andyses are developed in aseries of distinct steps. For each computer model in the analysis, critical
input parameters are identified and reasonable ranges of variation are determined. The sengitivity of
the modd to changesin the vaue of each important parameter isthen estimated by running the model for
the base case and efficiency level cases. The significance of the resultsis assessed in terms of the
magnitude of change in each model's outputs.

Sengtivity runsaremade with the LBNL-REM to explorethe effectsof uncertainty in the equipment
and operating cost of the products being analyzed. The costs of the baseline unit as well as the
incrementa costs of design options are varied. Other sensitivity runs examine alternative efficiency
trends in the absence of implementing new efficiency levels.

Sengtivity analysisof theresultsof the LBNL-MAM isconducted mainly from asengtivity chart that
reports the sangtivity of ROE to each of the nine control variables Becausethe LBNL-MAM isanorHinear
modedl, the effects of these input uncertainties may not be additive. A Monte Carlo analyss addressesthis
problem by computing standard errors, which are displayed in the output table. For each control variable,
the Monte Carlo section randomly picks avaue near the best estimate of itstrue value. Asaresult, the
outputs of Monte Carlo vary from run to run. After finishing abatch of runs (typically 100 to 400), the
LBNL-MAM calculates means and standard deviations for the five main output variables.

The results of the sengitivity analyses are examined to extract two types of information. First, the
base case runs of the model are analyzed to determine the sensitivity of the forecasts to exogenous
variables and assumptions. Second, the sengitivity analysis of the impacts of aternative efficiency
levelsis performed by examining the differences between the base and efficiency levd cases. A variable
that affects the two cases similarly will have little effect on the impact of imposed efficiency levels,
even though it might have a significant effect on the absolute forecasts. The primary interest in the
second type of sengitivity andyssisin variables and assumptions that affect the two cases differently.
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The sengitivity andyses of the impacts of efficiency levels are discussed in Chapter 6 of the product-
specific discussion of ranges and ovens.
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Chapter 1
Chapter 2

Chapter 3

Chapter 4

Chapter 5

Volume 1 contains five chapters and five appendices:
Executive Summary: presents an overview of the analysis.
Introduction: outlines the structure of the document.

Andytic Approach: summarizes the methodology used in the analysis; discusses the
components of the analysis and their interrelationships; describes the models used, their
data requirements, and their outputs; and identifies the primary assumptions of the
andyds. Thischapter dso providesan overview of themethodol ogy employedtoexamine
the sensitivity of the results to changes in the key assumptions, parameters, and
exogenous forecasts used in the analysis.

Industry Profile: discusses appliance saturations, market shares, and industry
structure.

Development of Base Case Forecadts: discusses population projections, housing starts,
commercial floorspace projections, and energy prices.

The appendicesin Volume 1 cover the following topics:

Appendix A

Appendix B

Appendix C

Appendix D

Appendix E

Page 2-2

Methodology for uncertainty analysis of maximum technologically feasible energy
efficiency.

Overview of theforecastingmodd: sructureof theLBNL Residentid Energy Modd (LBNL-
REM) program. Theprincipa componentsof themodel are discussed and the component
interrelationship isexplained. In Volume 2, Appendices B describe and define the inputs
to the model specific to each respective end use.

Oveviewof Manufacturer AndyssModd (LBNL-MAM): outlineshow anindustry profileof
the manufacturing firms affected is constructed; describes how the effects on appliance
manufacturers of imposing efficiency levels by product are quantified; defines the
results of the analysis in terms of changes in gross margin, return on sales, return on
equity, return on assets, total assets, and labor requirements; and presents the method
for conducting a sensitivity analysis of the results.

Maintenancecostsarederivedfor severa componentscommonto morethan oneappliance
type.

Electric utility impact modeling.
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Environmental Assessment: Quantifies impacts of dternative efficiency levels on emissions of carbon
dioxide, nitrogen oxides, and sulfur oxides.

Volume 2 contains detailed analyses corresponding to kitchen ranges and ovens.

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Engineering Analysis. contains detailed energy use and cost information.

Base Case Forecasts. describes nationd forecasts of energy consumption, efficiency of
new units, unitsingtaled in households, and annua gppliance sdesin the absence of new
regulations.

Projected National Impacts of Alternative Efficiency Levels: discusses the choice of
efficiency levelsto be andyzed and the projected impacts of each efficiency level. The
chapter summarizes the energy savings by fuel and product; the sales, average
efficiencies, purchase costs, and operating costs of new and replacement appliances; and
the net present benefit of the alternative efficiency levels.

Life-Cycle Costs and Payback Periods: describesthe effects of imposed efficiency levels
onindividual purchasers and users of appliances. It compares the life-cycle cost of
appliances and other measures of consumer impact with and without implementing new
efficiency levels.

Impacts of Alternative Efficiency Levels on Manufacturers. describes the analysis
methodology, short- and long-run impacts, and sensitivity analysis.

Impact of Alternative Efficiency Levels on Electric Utilities: describes the effects of
imposed efficiency levels on the electric utility industry, focusing on marginal costs
of electricity, generating capacity growth, changes in regional capacity and energy
demand, and changesin utility revenues and costs.

Environmenta Effects. describeschangesinduced by theimplementation of new efficiency
levelsin emissons of oxides of carbon, sulfur, and nitrogen from combustion of fossil
fuelsfor eectricity generation and in homes.

AppendicesA through C contain moredetailed i nformeation onthemodel sand databasesusedinthe
economic analysis of kitchen ranges and ovens.
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Appendix A

Appendix B

Appendix C

Page 2-4

Energy Useand Cost Data: providesabreakdown of thecostsfor eachdesignoption. This
appendix also includes additional information pertinent to the Engineering Analysis.

ForecastingModd (LBNL-REM): givesadetailed descriptionof thedataused to cal cul ate
consumer impacts. Theinput datastream for the base case runsis shown and changesto the
input data for the efficiency level cases are indicated.

Manufacturer Impact Anadlyss: provides adetailed description of the mode to estimate
financia impactsof theimpostion of efficiency levels on the manufacturers of covered
products. The appendix shows the structure of the model, the data sources used, and
detailed outputs of base case, efficiency level case, and sengitivity analysis runs.
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prices, and life-cycle cost curves are constructed for each class. The payback periods associated with
each incremental change in efficiency are also calculated.

The Consumer Andyssfocuseson nationd energy savingsand economic impacts on consumersup to
the year 2030. It forecadts efficiencies and sdes of new appliances by class, as well as appliance usage
levelsin response to changes in projected energy prices and incomes. These results are used to project
energy use and consumer expenditures on fuel and equipment. The net present value of the alternative
efficiency levels are computed by discounting the differencesin the time streams of these expenditures
in the "with" and "without" efficiency level cases.

The Manufacturer Impact Andyss estimates the overall impact of imposing new of amended
efficiency levels on manufacturers. The analysis examines long-run impacts on 1) profitability, 2)
growth, and 3) competitiveness. Todothis, two measuresof impact aretracked for theindustry asawhole
and for any segmentsthat may exist: 1) return-on-equity (ROE) and 2) net income. ROE provides the
primary measure of profitability; gross margin, return-on-assets (ROA), and return-on-sales (ROS) are
asoreported. Theandyssaso showstotd assets, shipments, average prices, and revenues. Assetsand
income are the measures of growth (positive or negative).

The Industry Impact Analyss analyzes two short-run impacts as well. First, the ability of the
industry asawhole and of specific sesgmentsof theindustry to make the one-time investments required to
meet the new efficiency levelsis examined. Second, if implementing new efficiency levelsresult in
decreased sales for the particular industry being analyzed, the analysis examines the possibility of
price-cutting while the industry is adjusting to alower sales volume.

The Life-Cycle Cost Andysis evauates the impacts on individua consumers by determining the
changesin life-cycle cost resulting from the imposition of the energy efficiency levels.

The Utility Analyss focuses on revenue changes, avoided costs, and reductionsin peak electric
loads. Utility-avoided costs represent the marginal value of lower fuel consumption as well as the
margind valueof lower investment in new generating plants. Reductionin peak loadscanlead to deferring
the construction of new generating capacity. Becausefuel costs and the need for additiona capacity are
region-specific, the Utility Analysisis conducted on aregional basis.

The Cost-Benefit Analysis provides a picture of the sum total of al the analyses, so that the
impacts of the efficiency levels may be viewed not just as components but on a much larger scale.

Finally, the Environmental Assessment measures the main environmental effects (reduced
particulate emissions) resulting from the alternative efficiency levels effect on reduced electricity
and fud demand. This assessment is completed for each appliance and for each aternative efficiency
level.
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