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1.0 Introduction

The purpose of this study is to develop a matrix of efficiency ratings for appliances which are
subject to federal or California efficiency standards, or which will be subject to such standards
in 1994. This matrix will be used by CADMAC utilities in the evaluation of appliance energy
efficiency programs. For those participants and nonparticipants who installed the appliance or
equipment regardless of its efficiency level, the effects of state and federal standards on pre-
installation usage, base usage and load impact estimates must be accounted for.

To quantify the savings associated with installation of new energy efficient appliances, a
reliable database of baseline appliance efficiencies is needed. While appliance efficiency
standards indicate the minimum allowable efficiencies for many appliances, not all energy
using equipment is subject to standards, and furthermore the average efficiency of equipment
sold in a particular year will always be somewhat higher than that required by the standards.
This is due to the fact that equipment that exceeds the standards is sold, whereas equipment
that does not meet the standard is not.

This study has delineated the appliances subject to federal and California standards, their rating
parameters, their rating values, and to the extent possible the average stock efficiencies from
1977 to the present. Legislative initiatives by the U.S. Congress that may become law have
also been reviewed to anticipate future standard setting events.

1.1 Study Objectives

There are three potential applications of the matrices developed by this study. One application
is in the calculation of energy use for appliances which conform to the current and 1994
standards. Efficiency ratings from this study could be used to determine the maximum net
impact of appliance efficiency programs. The minimum standard would be used to estimate the
maximum energy use for a participant's replacement appliance. This could be compared to the
energy use of the appliance purchased through the efficiency program. For this application
only the current and 1994 standards are relevant.

Another potential application is in the estimation of energy use for currently installed
appliances (old appliances). The ratings could be used to develop UEC data for end-use
forecasting and to establish the baseline energy use for participants in efficiency programs.
These data would be used to calculate the gross program savings by comparing the energy use
of current appliances to the energy use of appliances purchased through the program. For this
application all vintages of appliances are relevant. However, due to the variation of efficiency
across makes and models of appliances, this application could be better served by a database of
penetration rates and efficiency ratings for specific makes and models in present use.

The third application is in the estimation of energy use for appliances which exceed the current
and 1994 standards and are included in efficiency programs. This is very similar to the second
application. These data would support the other half of the equation which estimates gross
program savings, i.e., the portion which estimates the energy use of appliances purchased by
the program. As for the second application, the variation in efficiency across make and model
argues against organizing the matrices by vintage. Instead, this application requires a database
of counts and ratings which are specific to appliance make and model.
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1.2 Organization of the Report

The report is organized into seven sections and two appendices. Following this introduction,
Section 2 describes the history of appliance standards promulgated by the State of California
and the U.S. Department of Energy. This section also describes possible future standards.
Section 3 introduces the various energy efficiency ratings used to quantify appliance efficiency
levels and recommends parameters to be used for particular measures. Section 4 summarizes
the information assembled to date on actual appliance efficiency levels and discusses some of
the problems and possible solutions to routinely obtaining these data. Section 5 describes the
energy efficiency matrices developed for this project, and Section 6 provides recommendations
for further research to improve and supplement these matrices. Section 7 is a bibliography of
documents used in the preparation of this document.

Two appendices summarize the findings of this study. Appendix A is a listing of the
appliance standard setting events affecting California. Appendix B is a matrix listing the
various energy efficiency measures offered by the largest investor owned utilities in California.
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2.0 Appliance Standards

Appliance efficiency standards were first promulgated by the State of California in 1974. Soon
thereafter the U.S. Congress directed the Federal Energy Administration (now known as the
U.S. Department of Energy (U.S. DOE)) to develop voluntary appliance standards. In 1978,
the U.S. DOE was directed to develop mandatory minimum standards for thirteen common
appliances. It was not until 1987, however, that these standards were finally promulgated.

Table 2.1 provides a summary of the effective years of standards legislated for particular
appliances in California. This table includes both the California and U.S. DOE standard
setting events. The number of individual appliances or setting events for each appliance type is
also indicated. The table reflects that one effect of the controversy surrounding appliance
efficiency standards was marked reduction of activity from 1980 to 1990. Appendix A
provides the detailed listing of over 350 standard setting events uncovered by this study. This
appendix indicates the appliance name, the appliance type, the effective date (month and year)
of the standard, the rating parameter used, and the rating value.

Section 2.1 describes the history of appliance standards promulgated by the State of California,
and Section 2.2 describes the federal government's appliance standards activities. Section 2.3
discusses current plans for future appliance standards. Section 3 will discuss the rating
parameters to aid in the interpretation of this Appendix A.

2.1 Standards Promulgated by the State of California

Energy efficiency standards for appliances were set in motion on May 21, 1974 when
Governor Reagan signed AB 1575, known as the Warren Alquist State Energy Resources
Conservation and Development Act. One of the required actions was to prescribe standards
for minimum levels of operating efficiency for all appliances that the California Energy
Commission determines use a significant amount of energy on a state-wide basis. The levels of
the standards are to be based on "feasible and attainable efficiencies or feasible improved
efficiencies” and must be set at levels that do not result in "any added total costs to the
consumer over the designed life of the appliance concerned.” The statute provides that one
year after a standard is adopted no new appliance may be sold unless the manufacturer certifies
that the appiiance complies with the standard. These standards covered refrigerators,
refrigerator-freezers, freezers, room air conditioners, central air conditioners, gas furnaces,
water heaters, and plumbing fittings.

Two additional legislative provisions modified the Warren-Alquist Act's provisions for
appliance efficiency standards. The first one, which went into effect in 1975, required that no
new residential-type gas appliance (except water heaters) with a pilot light can be sold 24
months after the Commission certifies an intermittent ignition device (IID) as an alternate
means to a pilot light on the appliance. The other change modified the timing of standard
implementation. This change allows one year after the effective date (or two years after
adoption) for wholesalers and retailers to clear their inventories of noncomplying models
manufactured before the effective date. Other actions have reset the minimum standards and
added fluorescent lamp ballasts and large air conditioners to the list of covered appliances.
When the U.S. Department of Energy promulgated appliance standards for consumer products
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Energy Efficiency Rating Mairix for Measures Subject to Minimum Appliance Standards

(as discussed in Section 2.2), the CEC promulgated identical regulations for non-consumer
products to ensure complete coverage in the State of California.

2.2 Standards Promulgated by the U.S. Government

In 1975 the U.S. Congress passed the Energy Policy and Conservation Act (EPCA), requiring
the Federal Energy Administration (now subsumed by the U.S. DOE), to develop voluntary
appliance efficiency targets. These targets were to represent reductions in energy use of new
appliances of at least 20% by 1980 compared to their known 1972 levels. In 1978 the
Department of Energy was directed to develop mandatory appliance efficiency standards for 13
categories of new products under the National Energy Conservation Policy Act (NECPA).
These categories are: 1) refrigerators and refrigerator-freezers, 2) freezers, 3) dishwashers, 4)
clothes dryers, 5) water heaters, 6) room air conditioners, 7) home heating equipment (not
including furnaces), 8) television sets, 9) kitchen ranges and ovens, 10) clothes washers, 11)
humidifiers and dehumidifiers, 12) central air conditioners, 13) furnaces, and 14) any other
type of consumer product defined by the Administrator. On January 2, 1979, DOE published
a notice of proposed rulemaking for nine priority products for which final regulations would be
promulgated by January 2, 1982.

DOE proposed regulations for eight of the thirteen covered products in June 1980. The
following January, DOE notified Congress that the new appliance standards were essentially
complete. Later that month, however, the newly arrived Reagan administration requested that
Congress repeal the DOE appliance standards program on the grounds that it represented
inappropriate regulatory policy. The next month, after Congress had not acted on the
proposal, DOE announced that a new review of the economic analysis underlying the standards
was necessary before the Department could promulgate them. In October, a citizen suit
(NRDC vs. Edwards) was brought against DOE to compel promulgation of the standards. The
suit was settled in 1982, after DOE published a notice of proposed rulemaking for eight of the
nine priority covered products; the notice proposed that "no standards" standards be adopted.
A second citizen suit (NRDC vs. Herrington) in late 1983 challenged the "no standards"
standards as contrary to law. Agreeing with the petitioners, the U.S. Court of Appeals voided
the DOE rules in July 1985 as arbitrary and capricious interpretations of the EPCA as amended
and directed DOE to initiate new rulemaking.

As mentioned above, California and a few other states had established their own appliance
efficiency standards during the 1970 and 1980's. This emerging mix of State standards
motivated the appliance manufacturing industry to seek uniform national standards. As a
result, legislation was introduced in August of 1986 in both Houses of Congress, and enacted
into law on October 15, as H.R. 5465, to propose actual minimum standards by statute for the
EPCA covered products. This bill was pocket vetoed by President Reagan on November 1,
1986, arguing that appliance efficiency standards were not consonant with the administration's
policy of minimal Federal involvement in the marketplace. The next year, however, Congress
passed an essentially identical bill (S.83 or the National Appliance Energy Conservation Act)
on March 3, and the President signed it on March 17, 1987, fully nine years after the
originally intended start.
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Amendments to NAECA, passed in 1988 (Public Law 100-357), added fluorescent lamp
ballasts and pool heaters to the list of EPCA covered products and established minimum
efficiency levels for them. DOE has upgraded many of these standards, as required by law, to
reflect cost-effective energy efficiency levels. An unusual provision of the appliance standards
is that they supersede any State standards, even if the state standards are more strenuous.
There is a provision by which States can petition the DOE to grant exemptions for emergency
circumstances, but to date none such exemptions have been granted.

2.3 Planned Future Standards

U.S. DOE is required to review (and update where necessary) all of these standards within
three to ten years depending upon the appliance. New or amended standards are required to
achieve the maximum improvement in energy efficiency that is both technologically feasible
and economically justified. In no case may DOE revisions to NAECA standards allow a
decrease in the efficiency (or increase in the energy use) of covered products. Table 2.2
indicates the scheduled dates for appliance standard updates by the U.S. DOE.

Table 2.2: Scheduled Dates for Appliance Standard Updates by U.S. DOE Product Type

PRODUCT . DATE
Refrigerator 1998
Refrigerator/Freezers 1998
Freezers 1998
Clothes Dryers 1998
Clothes Washers 1998
Dishwashers 1998
Central Air Conditioners 1999
Heat Pumps 1999
Room Air Conditioners 2000
Ranges and Ovens 2000
Furnaces 2002
Water Heaters 2005
Pool Heaters 2005
Central Air Conditioners 2006
Heat Pumps 2006
Furnaces 2012

DOE has yet to promulgate standards for television sets and humidifiers and dehumidifiers as
called for in Public Law 100-357. The Code of Federal Regulations revision of January 1,
1993 includes testing procedures for television receivers, but does not set minimum efficiency
levels. The American Council for and Energy Efficient Economy (ACEEE) has recently
helped draft legislation in consultation with manufacturers for several products that are not
presently included in the federal statutes. These products and effective dates if approved by
Congress are listed in Table 2.3.
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Table 2.3: Summary of New Standards by Product Type

PR CT EFFECTIVE DATE
Four foot fluorescent lamps 1996

Eight foot fluorescent lamps 1994
General service incandescent lamps 2001
Incandescent reflector lamps 1996

High intensity discharge lamps 1999
Motors 1-200 horsepower 1998
Motors less than one horsepower 2002
Showerheads 1993
Packaged air cooled A/C and heat pumps 1994
Packaged water cooled A/C and heat pumps 1994
Packaged terminal A/C and heat pumps 1994

Water heaters 1994
Distribution transformers not specified

The effective dates above assumed a bill would be signed into law in the fall of 1992. Since
this did not happen for these items, the actual effective dates are yet to be determined.

Complying lamps will have average lumen per watt values that are 2-20% higher than the
standard lamps eliminated when the standards take effect. Under the proposed legislation,
DOE must review and revise the lighting standards if warranted five and ten years after
passage. The legislation also requires DOE to consider standards on high intensity discharge
lamps within three years of enactment. This rulemaking could prohibit further production of
mercury vapor lamps.

The efficiency of motors that will be required when the standards take effect are typically 2-
10% greater than ordinary motors, depending on size. Manufacturers will have five to seven
years to test and certify complying items. For motors that must be certified by Underwriters
Laboratory (UL), or that are used in UL certified equipment, an additional two years is
allowed.

Showerheads standards are already in effect in California, however DOE may at some time
supersede these with national standards for showerheads and faucets. The proposed legislation
contains flow rate standards for showerheads, kitchen faucets, and bathroom faucets of 2.5
gallons per minute at a water pressure of 80 psi. If DOE concludes that more stringent
standards are technically feasible and economically justified, it can waive preemption of state
standards but not issue stronger federal standards without action by the American Society of
Mechanical Engineers.
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Existing appliance standards cover heating and cooling equipment used in housing and small
commercial buildings. For example, existing standards apply only to heat-pump and air
conditioners smaller that 135,000 Btuh (11.25 ton). The proposed legislation extends standards
to certain types of larger air conditioning systems, heat pumps, boilers, and water heaters.
The initial minimum efficiency requirements are derived from ASHRAE Standard 90.1, the
most recent model conservation standard issued by the American Society of Heating,
Refrigerating, and Air Conditioning Engineers. For packaged air conditioners and heat pumps
of 12-20 tons cooling capacity, the effective date is 1995. For packaged cooling equipment
only the full load values are to be included in national legislation in the interest of keeping the
standards simple. The HVAC standards can be updated after ASHRAE revises its model
standards.

The proposed legislation requires DOE to consider issuing minimum efficiency standards on
utility distribution transformers. Distribution transformers consume approximately 2% of
electricity generated in the U.S., and high efficiency transformers can reduce these losses by
65-80%. The legislation requires DOE to issue transformer efficiency standards if feasible
within three years from the date of enactment.

SBW Consulting, Inc. Page 8




Energy Efficiency Rating Matrix for Measures Subject to Minimum Appliance Standards

3.0 Energy Efficiency Rating Parameters

A necessary prerequisite to promulgation of an appliance efficiency standard is the
development of testing procedures and rating parameters used to determine compliance. Over
the course of the past two decades some of the testing procedures and rating parameters have
changed. This is particularly true with respect to heating, ventilating, and air conditioning
equipment. The various rating parameters are defined in Section 3.1. Section 3.2 proposes
various appliance categories and recommended rating parameters.

3.1 Rating Parameter Definitions

Listed below are definitions for relevant appliance rating parameters. Many of these
definitions are based upon specified test procedures that are described in the Code of Federal
Regulations. For the sake of brevity, these testing procedures are not described below.

Annual fuel utilization efficiency (AFUE): the percentage of heat from the combustion of
fuel that is transferred to the space being heated under specified testing conditions.

Ballast efficacy factor (BEF): ratio of relative light output divided by the power input of a
fluorescent lamp ballast, as measured under test conditions specified in ANSI Standard C82.2-
1984. .

Coefficient of performance (COP) — cooling: ratio of the rate of heat removal to the rate of
energy input in consistent units for a complete system or factory assembled equipment, as
tested under a nationally recognized standard or designated operating conditions.

Coefficient of performance (COP) -- heating: ratio of heat delivered to the rate of energy
input, in consistent units, for a complete heat pump system under designated operating
conditions without supplemental heat elements.

Combustion efficiency: percentage of heat from the combustion of fuel transferred to the load
at specified steady state conditions.

Energy consumption: the rate of energy use at steady state conditions.

Energy efficiency ratio (EER): ratio of the cooling capacity of an air conditioner in British
thermal units per hour to the total electrical input in watts under specified test conditions.

Energy factor for clothes dryers (EF): the pounds of water removed from laundry per
kilowatt-hour consumed.

Energy factor for clothes washer (EF): the cubic footage of laundry washed per kilowatt-
hour consumed per washer cycle.

Energy factor for dishwashers (EF): the number of dishwasher cycles completed per
kilowatt-hour consumed.

SBW Consulting, Inc. Page 9
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Energy factor for refrigerators (EF): the number of adjusted cubic feet refrigerated under
standard testing procedures per kilowatt-hour consumed per day.

Energy factor for water heaters (EF): the average ratio of the heat content of heated water to
the energy consumed after a set of six test cycles.

Flow rate of a tub spout diverter: the leakage through the diverter directly into the bathtub
when the device is in the diverting position.

Heating seasonal performance factor (HSPF): total heating output of a central air-
conditioning heat pump in British thermal units during its normal usage period for heating
divided by the total electrical energy input in watt-hours during the same period as determined
using specified test procedures.

Integrated part-load value (IPLV): a single number figure of merit based on part-load EER
or COP expressing part-load efficiency for air-conditioning and heat pump equipment on the
basis of weighted operation at various load capacities for the equipment. This is similar in
concept to SEER wherein the performance parameter is based upon a range of operating
conditions rather than a single full load value. '

Intermittent ignition device (IID): an automatic ignition system for combustion heaters
obviating the need for a constant burning pilot light.

Maximum flow rate: the greatest permissible volume of water released per unit of time by a
showerhead or faucet.

Seasonal efficiency (SE): the percentage of heat from the combustion of gas fuel and
associated electrical equipment that is transferred to the space being heated during a year under
specified conditions.

Seasonal energy efficiency ratio (SEER): total cooling output of a central air conditioner in
British thermal units during its normal usage period for cooling divided by the total electrical
energy input in watt-hours during the same period as determined using specified test
procedures to represent overall seasonal performance.

Thermal efficiency: the percentage of heat from the combustion of fuel that is transferred to a
space being heated under steady state conditions.

Standby energy consumption: the energy consumed by a device when it is not being used.

Standby loss of a storage-type water heater: when expressed as a percentage means the ratio
of heat loss per hour to the heat content of the stored water above room temperature; when
expressed in watts per square foot means the heat loss per hour, per square foot of tank surface
area.
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3.2 Recommended Rating Parameters

Table 3.1 provides a listing of generic product classes and associated rating parameters
recommended as a result of this study. In general the rating parameters recommended are
those specified by the current standards. This is the case because equipment manufacturers
must conduct tests to establish these parameters for all equipment they distribute that falls
under the purview of the California or Federal appliance standards.

In some cases parameters may be converted with simple multipliers, such as changing from
coefficient of performance to energy efficiency ratio. In other cases it would be necessary to
subject equipment to different testing protocols to convert, such as from energy efficiency
ratios to seasonal energy efficiency ratios. In this particular case, EER's were in common use
prior to 1980, and then SEER's became the more accepted rating parameter for air conditioners
and heat pumps. While the standards specified EER levels until 1990, the only shipment
weighted efficiency data available is expressed in SEER's after 1980.
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Energy Efficiency Rating Matrix jor Measures Subject to Minimum Appliance Standards

Table 3.1: Appliance Categories and Suggested Rating Parameters

ITEM
CODE

Product Class

Rating Parameter

1

Boilers less than 300,000 BTUH

AFUE

Boilers 300,000 BTUH and larger

Thermal efficiancy

Cantral AC - air source heat pumps

SEER and HSPF

Cantral AC - water source heat pumps

EER

Cantral AC - single package systems

SEER and HSPF

Cantrai AC - split systems

SEER and HSPF

Cantrai AC - unitary avaporativaely cooled EER
Cantral AC - unitary water cooled EER
Cantral Furnacss less than 225,000 BTUH AFUE

Cantral Furnaces 225,000 BTUH or larger

Thermali efficiency

Cantral Furnacas - duct type

Thermal efficiency

Cantral Furnaces - unit heatars

Thermal sfficiency

Clothes Dryers - compact

Energy Factor (lbs/kWh)

Clothes Dryers - standard

Energy Factor {lbs/kWh)

Clothes Washers less than 1.6 cuft

Energy Factor (cuft/kWh/cycle)

Clothes Washers 1.6 cuft and larger

Energy Factor (cuft/kWh/cycla)

Dishwashers - compact

Energy Factor (cycles/kWh)

Dishwashers - standard

Energy Factor (cycles/kWh)

Electric Heaters - non central

Thermal efficiency

Electric Water Heaters - storage type

|Energy Factor (dimensioniess)

Electric Water Heaters - instantaneous

Energy Factor (dimensionless)

Freezers - chest

Energy Factor (cuft/kwh/cycle)

Freezers - upright auto defrost

Energy Factor (cuft/kwh/cycle)

Freezers - upright manual defrost

Energy Factor (cuft/kwh/cycle)

Olojojo|ojm|Nlaojlojjuls|slv]lo]wi DI

Gas Space Heaters - floor type

Seasonal efficiency

Gas Space Heaters - wall fan typs

Seascnal efficiency

Gas Space Heaters - wall gravity type

Seasonal efficiency

Gas Water Heaters less than 155,000 BTUH

Thermal efficiency

Gas Water Heaters 155,000 BTUH or larger

Thermal efficiency

Gas Watar Heatars - instantaneous

|Energy Factor (dimensionless)

12 Househeid Cooking 11D Presaence

13 Lamp Bailasts Ballast efficacy factor

14 Qil Watar Heaters less than 155,000 BTUH Thermai afficiency

14 Qil Water Heaters 155,000 BTUH or larger Thermal efficiency

14 Qil Water Heaters - instantaneous Energy Factor (dimensioniess)
15 Refrigerator-Freezers - manual defrost |Energy Factor (cuft/kwh/cycle)
18 Refrigerator-Freezers - top freezer |Energy Factor (cuft/kwh/cycle)
15 Refrigerator-Freezers - bottom freezer Energy Factor (cuft/kwh/cycle)
15 Refrigerator-Freezers - side freezer |Energy Factor (cuft/kwh/cycle)
15 Refrigerator-Freezers - top freezer w/ door ice servics lEnorgy Factor (cuft/kwh/cycle)
15 Refrigerator-Freezers - side freezer w/ door ice service lEnorgy Factor (cuft/kwh/cycle)
16 Refrigerators - manual defrost Energy Factor (cuft/kwh/cycie)
16 Refrigerators - auto defrost |Energy Factor (cuft/kwh/cycle)
17 Room Air Cenditioners - heat pumps |EER -
17 Room Air Conditioners - non heat pumps |EER

17 Rcom Air Conditioners - w/ reverse cycle |55

17 Room Air Conditioners - w/o reverse cycle EER

17 Room Air Conditioners - w/ louvers EER

17 jRoom Air Conditioners - w/o louvers IEER

18 Showerheads Maximum flow rate

19 Sink Faucsts Maximum flow rate

o
> immioiojo|>|w|>inimjojojo|>»|o]o[>[>]|> |oja> O[> o> o> [rlo|>|oix{ol>]olo|oi> [nim|lclofo > o>

Tub Spout Diverters

Maximum flow rate
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4.0 Actual Appliance Efficiency Levels

It is difficult to obtain accurate information for shipments to California from the national trade

associations owing to confidentiality and technical concerns. Trade associations will not

release data that would allow a reader to determine competitive market shares, and in most

cases have no information regarding interstate trans-shipments. Consequently, the values

provided are national average shipments for the most part. The California Energy Commission

has done some work to compare average California appliance efficiencies with national -
statistics, and when available we have used California specific information. The California

only values are indicated with shading in the efficiency tables below.

4.1 Shipment Weighted Appliance Efficiency Data

Table 4.1 indicates the shipment weighted efficiency data obtained to date for 17 product
categories.

4.2 Estimated Appliance Efficiency Data

Using the data from Table 4.1 we have extrapolated and interpolated values using a least-
squares linear regression to fill empty cells where there was a sufficient number of entries.
These data are shown in Table 4.2. Phase 3 of this research will determine the best methods to
fill remaining data gaps.

4.3 Appliance Efficiency Data Sources

We have endeavored to obtain estimates of shipment weighted average efficiency levels for the
most common appliances. These data are derived from secondary sources, where significant
efforts were expended to either purchase information from trade associations, survey
equipment manufacturers, survey equipment distributors, and/or survey equipment purchasers.

The sources of nation-wide data are indicated in Table 4.3. The California only data were
extracted from a California Energy Commission staff report entitled "California Market Trends
for More Efficient Appliances: An Analysis of California and National Shipment Data in the
Early 1980's". This report was also used to supplement some of the nation-wide data as well.
Full bibliographic citations for these reports are provided in Section 7.

SBW Consulting, Inc. Page 13




Rating Matrix for Measures Subject to Minimum Appliance Standards

Energy Efficiency
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Energy Efficiency Rating Matrix for Measures Subject to Minimum Appliance Standards

Table 4.3 Appliance Efficiency Data Sources

Last Updated September 23, 1993

Appliance

Data Sources

Unitary Air Conditioners

ARI Statistical Profile, June 1991

Unitary Heat Pumps

ARI Statistical Profile, June 1991

Split Systems

ARI Statistical Profile, June 1991

Unitary Air Conditioners

ARI Statistical Profile, June 1991

Unitary Heat Pumps

ARI Statistical Profile, June 1991

Split Systems

ARI Statistical Profile, June 1991

Top-Mount Refrigerators

AHAM Shipment Data, 1992

Side-by-Side Refrigerators

AHAM Shipment Data, 1992

Manual Defrost Refrigerators

AHAM Shipment Data, 1992

Chest Freezers

AHAM Shipment Data, 1992

Upright Manual Defrost Freezers

AHAM Shipment Data, 1992

Upright Automatic Defrost Freezers

AHAM Shipment Data, 1992

Electric Water Heaters

ACEEE, 1985

Gas Water Heaters

GAMA Sales Data, 1992

Central Gas Furnaces

GAMA Sales Data, 1992

Room Air Conditioners

AHAM Shipment Data, 1992

Central Air Conditioners

AHAM Shipment Data, 1992

Dishwashers

AHAM Shipment Data, 1992

Clothes Washers

AHAM Shipment Data, 1992

Elec Dryers with Automatic Control

AHAM Shipment Data, 1992

Gas Dryers with Automatic Control

AHAM Shipment Data, 1992

SBW Consulting, Inc.
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Energy Efficiency Rating Matrix for Measures Subject to Minimum Appliance Standards

5.0 Energy Efficiency Matrices

Appendix A is a print-out of the current appliance efficiency matrix. This print-out is
produced from a Quattro Pro (TM) spreadsheet that is available from the report author to
facilitate easy updating and application. The text below describes the contents of the matrix.

5.1 Appliance

The first column of Appendix A indicates thirty-six distinct appliance categories for which a
Federal and/or California standard is in effect. The abbreviation "NC" stands for non-
consumer products as defined by the Federal standards. Although the federal government does
not regulate these items, the state of California does. These categories are generally
consistent with the California Conservation Inventory Group (CCIG) classifications. They are
listed alphabetically.

5.2 Appliance Type

The second column of Appendix A indicates the specific types of appliances called out in the
efficiency standards. These subcategories have particular features that lead to unique rating
parameters or rating parameter values. The identical type is listed as often as new standards
for it have been promulgated.

5.3 Effective Date

The month and year that a standard, or revision to the standard, was promulgated is indicated
in the third and fourth columns of Appendix A. The effective dates of the standard extend
from the date listed until the next update (if any).

5.4 Rating Parameter

The rating parameter(s) specified by the efficiency standard is indicated in column 5 of
Appendix A. If multiple parameters appear this means that more than one parameter applies to
the appliance type.

5.5 Parameter Values

The last column of the matrix in Appendix A indicates the parameter values that apply to the
appliance according to the most recent appliance standard update. These values are typically
the minimum allowable efficiency levels. In some cases only the presence of a feature is
mandated (eg. intermittent ignition devices), in others the value is dependent upon appliance
size (eg. refrigerators). If more than one value is indicated, they correspond to the rating
parameters respectively.

SBW Consulting, Inc. Page 17




Energy Efficiency Rating Matrix for Measures Subject to Minimum Appliance Standards

6.0 Recommendations for Further Research

This study has determined the relevant appliance standards and rating parameters that are
needed to assess the minimum acceptable efficiency levels of appliances sold in California. It
has also compiled the available data on average efficiencies of appliances distributed nationally,
and in some cases appliances sold only in California. The validity of the average efficiency
data is questionable, due in part to data limitations, confidentiality concerns, definition
inconsistencies, and time lags associated with data development. These types of problems
suggest that it is important for CADMAC to sponsor supplemental research to stipulate
consistent rating parameters and acquire reliable estimates of average appliance efficiency
levels. This present work has helped to define the issues and identify data gaps to focus this
research.

The recommendations for further research focus upon two areas. The first area is to maintain
current information on forthcoming appliance efficiency standards, and to ensure that the data
collection on average stock data provides the information to assess relative efficiency levels.
This entails a relatively straightforward tracking of federal and California legislation pertaining
to appliances.

The second area is to refine and supplement the information available on average stock
efficiency levels, both historically and into the future. This information is essential to
accurately estimate the energy savings attributable to appliance rebate programs, so as to
properly establish the baseline efficiency levels in the absence of the rebates. Appliance
standards indicate only the minimum allowable efficiency levels, making savings claims using
them for baseline efficiency levels artificially high. Accurate information regarding annual
appliance purchases by efficiency level is essential to establish baseline equipment efficiencies
for a fair comparison to the efficiencies of the rebated equipment. What is needed is a database
containing historical appliance stock efficiencies and a procedure for regular updates.

Listed below are several options for obtaining the necessary average appliance efficiency data.
Efforts are presently underway under Phase 3 of this research to examine these options more
fully and make specific recommendations for the collection of appliance efficiency data. In
addition, the Electric Power Research Institute is proposing a collaborative National Equipment
Sales Project to assemble this type of data.

6.1 Trade Association Database Queries

Three national trade associations compile appliance shipment and efficiency data. These are
the Association of Home Appliance Manufacturers (AHAM), the Air Conditioning and
Refrigeration Institute (ARI), and the Gas Appliance Manufacturers Association (GAMA).
Each of these organizations are provided with data from manufacturers pertaining to the
number of units shipped according to specified product classes. These classes include various
efficiency categories, and in some cases actual efficiency levels.

The California Energy Commission purchased national appliance sales data by efficiency
category from AHAM for the years 1988-1990 for approximately $20,000 covering
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refrigerators, room air conditioners, dishwashers, clothes washers, and dryers. The CEC is
proposing for the CCIG to obtain the national level data from AHAM for calendar years 1991
and 1992 and to collect this data at the service territory level in calendar year 1993. The cost
is estimated to be $75K.

They also have proposed to negotiate a separate contract with ARI to gather 1992 and 1993
sales data on central air conditioners and small commercial package units. This work was
estimated to cost approximately $40K. This effort has been put on-hold pending the outcome
of the third phase of this research. .

6.2 Manufacturer and Distributor Sales Surveys

HBRS Inc. has had some success obtaining refrigerator sales data from a sample of California
appliance wholesalers and national equipment distributors. They have found that on-site
surveys are the most effective, so that they can establish a rapport with the appropriate
individuals. It is feasible to use a similar approach for other appliance types and to routinely
pay for such sales summaries from a statistically valid number of distributors and
manufacturers. This has the advantage of relatively quick response and complete knowledge
regarding data sources, representativeness, and quality. It may be possible to obtain some
amount of historical data while setting up a procedure for ongoing assembly of this
information. .

6.3 Point of Sales Tracking

With the advent of Uniform Product Codes (UPC) many retailers are maintaining computerized
records of product sales and shipments. Others probably keep reasonably good records of
sales by make and model number. Purchase of these data from a statistically representative
group of appliance retailers appears to be a promising method to acquire accurate and timely
sales data. Since most retailers predominantly serve particular utility service territories, it
should be possible to assemble specific to the individual territories as well as sales of units
qualifying for utility rebates. This approach to obtaining data also helps to foster good
relationships with trade allies, and overcomes manufacturer and trade association concerns
regarding the proprietary nature of the data.

6.4 Customer Surveys

It is possible to survey a large number of customers to obtain information regarding the
purchase date, make, and model numbers, of appliances in the home. However, this will
require calling a large number of customers and be subject to the vagaries of their recollection
regarding purchase dates. Another problem is obtaining accurate model number information,
however this might be overcome by maintaining computerized listings of model numbers and
talking respondents through the process of finding the appropriate numbers. This has been
found to be effective for refrigerators, but problematic for other appliances due to the difficulty
of obtaining correct model number information. Follow-up site visits by trained surveyors
may alleviate this problem however.
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6.5 Nielson Group Style Tracking

It may be possible to select an appropriate sample of households that would report on a regular
basis their purchases of new appliances, similar to the Nielson tracking for television
viewership. This would require a very large sample size to ensure low variances in
infrequently purchases appliances, but may be a viable follow-on to a customer survey effort.
The costs could be quite low if the forms were easy to complete and sent in (and paid for) on
an as occurs basis.

6.6 Consumer Reports Survey Information

Consumer Reports magazine obtains information from their readership on an annual basis
regarding purchases of major appliances by model number. It may be possible to enter into an
arrangement with them to share the costs and information assembled. Perhaps they would
provide the data in return for the analysis results that would assist them prepare future articles.
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Appendix A

California Appliance Standards

This appendix contains a matrix that delineates appliance energy effiency standards in effect for
the state of California. These include the standards promulgated by the U.S. Department of
Energy and the California Energy Commission. The federal standards supercede state
standards as they are applied to particular appliances unless a special petition is made and a
waiver is granted. Federal standards are limited to "consumer products", defined as, "any
article of a type which in operation consumes, or is designed to consume, energy; and which,
to any significant extent, is distributed in commerce for personal use or consumption by
individuals, without regard to whether such article or such type is in fact distributed in
commerce for personal use or consumption by an individual. Products designed solely for use
in recreational vehicles or other mobile equipment are not consumer products.” The state of
California has developed and maintained standards for many non-consumer products. These
are noted in the tables by the initials "NC" following the appliance name.

The items are listed alphabetically by appliance, and appliance sub-type, and then by the
effective date of the standard. Also indicated is the rating parameter(s) and rating value(s)
stipulated by the standard. For the most part we have listed only the initial effective date for
an appliance if subsequent standards did not revise the existing values.
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Appendix B

Efficiency Measure Matrix

This appendix contains a matrix listing the efficiency measures offered by PG&E, SCE,
SDG&E, and SoCal Gas during 1993, as indicated in filings to the California Public Utilities
Commission. The measures are sorted according to the affected end-use, affected fuel,
measure category, and measure name. For each measure the matrix indicates the utility and
customer sectors that apply.

The first column of the matrix lists "affected end-uses”, and may contain any one of the
following energy end-use categories: 1) domestic hot water (DHW), 2) heating, ventilating,
and air conditioning (HVAC), 3) lighting (LIGHTS), 4) electric motors (MOTORS), 5) other
(OTHER), and 6) refrigeration (REF). The measure categories indicated in the fourth column
include: 1) controls, 2) equipment, 3) insulation, 4) maintenance, and 5) shell. Shell measures
include all items that affect the building envelope, such as windows, doors, wall and ceiling
insulation. The customer sectors are: residential (R), commercial (C), industrial (I), and
agricultural (A). These categories are compatible with those developed for the California
Conservation Inventory, although some of the detailed energy end-use which appear in the
inventory have been aggregated. The last column indicates which if any appliance standards
has bearing on the energy savings attributable to the program listed.
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