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1. OVERVIEW

A. Introduction

The above captioned parties are pleased to present to the Department of Energy the results of two years of
intensive effort to negotiate a common recommendation for an energy conservation standard that meets the
requirements of the National Appliance Energy Conservation Act for refrigerator/freezers. These efforts have
successfully culminated in a complete agreement , as described in this document , which will save 20 billion
Kwh/year or 0.23 Quads/year of primary energy by 2010 while preserving the quality and functionality of
this basic American product and protecting the economic vitality and competitiveness of a critical U.S.
industry.

Attachment 1 is the detailed description of the standards agreement in proposed regulatory language. This
agreement is fully consistent with the requirements of NAECA. The standards proposal represents the
maximum energy savings which are technically feasible and economically justified by standards in 1998.

In these comments , the parties , and their role as the primary stakeholders on appliance energy conservation
issues , will be identified . The negotiation process will be described and some of the energy and
environmental benefits of the agreed -to standards will be quantified.

In order to explain the rationale for the standard levels agreed to by the parties, including the standard levels
applicable to future products which do not use HCFCs in foam insulation, we first examine the potential
standards levels preliminarily identified by DOE's contractor, Lawrence Berkeley Laboratory, as possibly
reflecting the maximum energy efficiency technically feasible in a 1998 time frame and industry's
engineering , economic , utility and marketing critique. BothLBL and industry's analyses already are in the
public record, primarily in oral and written responses to the Advance Notice of Proposed Rulemaking.

Next , we examine potential standard levels which address the issues of technical feasibility and economic
justification that cause the LBL "max tech" level to fail the requirements of NAECA. These levels take into
account some of the issues raised both by industry and by other parties in their respective critiques of the so-
called "max tech" levels and account for the significant technical, economic, and consumer concerns of higher
trial standard levels. These trial standards, which are similar to levels of efficiency discussed in the
negotiation process, are shown below to fail the test of economic justification. Industry believes that these
levels also failed the technical feasibility and "safe harbor" criteria. Then, we describe a standard level based
on an approach to technology and risk that the parties believe meets the requirements in NAECA to balance
the seven factors of economic justification. From industry's viewpoint, this level can provide reasonable
consumer paybacks and acceptable manufacturers impact. Finally, the justification for the standards levels
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adopted is provided, including a discussion of the energy penalties associated with the phaseout of the
production of HCFC 141b, and the relief provided in the regulations, and the special considerations for
freezer and compact products.

B. The Parties to the Agreement

The Association of Home Appliance Manufacturers (AHAM) represents the manufacturers of virtually all
(over 99%) refrigerator/freezers produced and/or sold in the United States. In particular, the companies
active in the negotiations and who support the agreement are: Amana Refrigeration, Inc, Frigidaire
Company, General Electric Appliances, Marvel Industries, Maytag Company, Sanyo Company, Sub-Zero
Corporation, U-Line Corporation, W.C. Wood Company and Whirlpool Corporation.

The American Council for an Energy Efficient Economy (ACEEE) is a non-profit organization dedicated to
advancing energy efficiency as a means of promoting both economic prosperity and environmental protection.
ACEEE was very involved in the development and passage of NAECA as well as subsequent appliance
standards rulemakings.

Natural Resources Defense Council (NRDC) is a national environmental organization with over 170,000
members and contributors. NRDC has promoted energy efficiency at the state, regional, national, and
international level for over 20 years, and has participated in DOE appliance efficiency rulemakings since 1980
and state appliance efficiency proceedings since 1975. The National Appliance Energy Conservation Act of
1987 follows from an agreement negotiated between NRDC and the major appliance manufacturer trade
associations.

The New York State Energy Office (NYSEO) was created in 1976 in the wake of the nation's first energy
crisis to help guide New York to a more sustainable energy future by developing sound energy policies and
promoting energy efficiency . The Energy Office started promulgating state appliance efficiency standards in
1978. The Office has participated in the development of national appliance efficiency standards since their
inception.

The California Energy Commission (CEC) is California' s energy planning agency, responsible for licensing
power plants, establishing efficiency standards for buildings and appliances, and encouraging the development
of more efficient and renewable energy resources. Since 1977 the CEC has adopted standards for appliances
sold in California. The CEC supported NAECA, despite the state preemption, because it provided economic
and environmental benefits to the nation, as well as to California. The move toward national standards has
also fostered collaborations such as this effort. CEC states that the resulting refrigerator proposal is __ -
consistent with California's policy to reduce the cost of energy services to consumers by supporting the
adoption of national standards that are both technically feasible and cost-effective to consumers.

Pacific Gas and Electric Company (PG&E) is the nation's largest investor-owned power utility. PG&E serves
central and northern California. PG&E has been heavily involved in energy conservation activities since the
mid-seventies. Because of the energy its customers have saved from these activities, PG&E has been able to
postpone and cancel plans for power plants.
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Southern California Edison is the nation's second largest electric utility, based on the number of customers.
The 107-year old investor-owned utility serves more than 4.1 million customers in Southern and Central
California. Its 50,000 square mile service area has a population of nearly 11 million. It has been active in
energy conservation measures for many years.

Since the 1970's these parties have been the primary parties in DOE and state appliance standards, research
and development, utility incentive and demand side management activities. They represent a broad spectrum
of interests and points of view.

C. Rationale For Negotiations

The parties entered into informal discussions regarding 1998 refrigerator/freezer standards because of the
experienced disadvantages of a normal NAECA rulemaking and their expectations regarding the advantages of
a different approach. Rulemaking procedures, even informal rulemakings as are conducted under NAECA,
tend to cause participants to take relatively rigid, adversarial, and ideological positions. The free exchange of
information and the ability to enter into constructive dialogue are limited. In contrast, negotiations offer the
opportunity for open, candid, and collegial in-depth discussion and exchanges of ideas and data. Innovative
regulatory approaches, as reflected in this agreement, can be developed.

In addition, previous NAECA rulemakings had the disadvantage of providing only the legally required
minimum lead time notice of the regulatory requirements. Planning, research and development, testing and
investment in costly advanced technology require long notice and lead time. (For these products, NAECA
requires a three year lead-in between the final rule publication and its effective date and there is a mandatory
5-year lock-in between the effective date of the 1993 standards and a revised, 1998 standard.) Industry
benefits from the certainty associated with knowing the level of efficiency investment that will be required
farther in advance: these benefits are likely to translate into minimizing cost increases to consumers and the
maintenance of high quality, long-lived products.

This agreement may provide an additional year or more actual notice for manufacturers who will expend
hundreds of millions of dollars to comply with these standards . In light of the January 1, 1996, phaseout of
CFCs used as refrigerant and in insulation and the January 1, 2003 phaseout of HCFC-141b, the initial foam
blowing agent substitute for CFC-11, the tooling and design changes anticipated for the 1998 standards will
be far more costly , complex , and challenging than those needed for the 1993 standards . Therefore, a final
rule identified three and a half to four years before the implementation of the 1998 standards will give
manufacturers much needed extra time necessary to comply with this and related EPA stratospheric ozone
protection regulations.

Finally, this standards agreement reduces the risk that technical errors are inadvertently built into the energy
standards equations or product class definitions. Serious errors of this type in the refrigerator/freezer
standard which would have gone into effect in 1993 threatened to destroy the viability of entire compact and
freezer categories until DOE issued a technical correction. Some non-industry parties believe that this
"technical correction" was procedurally irregular and did not afford the public the opportunity of comment.

From the non-industry parties' standpoint, negotiations provide them with unprecedented access to critical
engineering, product and economic information which allowed the parties to make more informed judgments
as to the economic feasibility of different levels of energy efficiency, as well as the manufacturer concerns in
achieving energy gains through one approach rather than another. Negotiations also allow them to invest
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their resources in energy conservation activities other than prolonged rulemakings. It can also result in less
delay in issuing standards and thus earlier effectiveness dates. From a state viewpoint, earlier decisions offer
more certainty in the planning and resource evaluations that provide the foundation for state energy policies.

From the federal government viewpoint, encouragement and support of this process are beneficial and
substantially support its obligations and goals under NAECA. Considering DOE's enormous statutory
mandate, informal agreements by a wide range of stakeholders which comport with the standards-setting
criteria in NAECA have major public policy benefits.

D. The Negotiations Process

The negotiations process commenced in July 1992 and agreement was reached in August 1994. Over a dozen
meetings and conference calls were held between the parties, and industry, for example, met internally on an
additional 20 occasions. An estimated 15,000 - 20,000 hours of effort went into the development of the
standards.

The reason that effort was so resource - and time - intensive is because extensive discussions were held and
proposals were empirically based, relying on data and analysis developed by the parties and LBL. LBL
analysis, which is in the public record, was critical to the success of the effort and is much appreciated by all
the parties, even where it was not agreed to by all the parties. Before standards were discussed, industry and
LBL spent many months reviewing and revising the ERA refrigerator engineering model, gathering technical
and economic data, and drafting and critiquing detailed engineering analyses. The products of this work were
placed before all parties as the basis for standards discussion. All standards considered and the final
standards are based primarily on these analyses, applying the relevant criteria in NAECA. The negotiations
and the agreement, however, specifically relate only to the refrigerator/freezer rulemaking and create no
substantive precedents for other DOE appliance standards actions.

II. CONSIDERATION OF LBL'S MAX TECH ASSESSMENT

As a starting point for consideration and debate by the parties , a "max tech " analysis of the five auto-defrost
product classes was developed by LBL. This analysis was developed from industry and non-industry data
input to the ERA computer simulation and predicted potential energy reductions of 45% to 49% below the
1993 NAECA standards on these products (See Attachment 2).

The industry and non-Industry parties have different responses to this LBL analysis. But all parties agree that
this LBL " max tech" level would not meet the criteria for economic justification under NAECA , and that
DOE must therefore reject this level as a standard. Industry also believes these supposed "max tech " levels
were not technically feasible and are not , therefore , "max tech".

A. Industry Response

Industry provided directly to LBL and in the ANPR process a detailed response and critique of the reality
and viability of these so-called " max tech " levels. The analysis drew from a statement of principles consistent
with NAECA. These principles are:
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1) New standards must result in a reasonable payback to the consumer.

2) New standards must be able to be implemented in a technically and economically manageable
timeframe.

3) New standards must not dictate the use of technologies that reduce utility, quality or reliability of the
product.

New standards must be sustainable and capable of manufacturing in a large volume , mass production
environment.

While there were dozens of issues associated with the assumptions and conclusions in the LBL analysis, the
major portion of the industry critique focused on:

a)
b)
c)
d)
e)
0
g)

ERA accuracy
Design option feasibility/marketing utility
Impact of increased wall thickness
Variance and uncertainty in LBL assumptions, including cost assumptions
Additional obsolete design options
Unrealistic cost assumptions
Other significant problems in max tech analysis

a) ERA Accuracy

The first and most basic issue is the accuracy of the ERA computer model used to project energy savings.
The ERA is not only used to estimate energy savings of a particular refrigerator/freezer design, but data
output from ERA is used to project several different types of cost analysis. Therefore, the accuracy of the
ERA model affects the viability of energy savings attributable to individual and groups of options, and when
used with the costs generated for those individual options, ultimately determines the credibility of projected
life cycle costs, years for consumer payback and cost of conserved energy estimates. Understanding the
accuracy of the ERA model is critical to understanding limits on and drawbacks of the accuracy of all
subsequent economic and technical analyses which rely on this basic analysis.

Industry's assessment of the accuracy of the ERA model- was divided into two phases. The first phase was-to
use current technology and currently available products to determine the accuracy of the ERA estimates
versus actual energy data from refrigerator/freezers. The second phase of this assessment was to determine
how the ERA model handles non-conventional technologies, e.g., those technologies not currently in
production. Phase 2 was executed through a consultancy with the University of Illinois.

Manufacturing members constructed 100 ERA input files on products ranging from compact refrigerator-
freezers and freezers to full-size automatic defrost refrigerator-freezers. Several major errors were discovered
in the ERA model through this exercise. The fact that the ERA model was incapable of modeling freezers or
compact refrigerator-freezers with a single door was also identified. Several revisions to the ERA model took
place during the last two years to accommodate modeling these types of^products. The accuracy of the ERA
model on the remaining refrigerator-freezer files was (in terms of standard uncertainty) ±19% (see
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Attachment 3). While this accuracy level makes the ERA useful to examine engineering assessments of
potential energy savings options, it is not a sufficient tool to determine multi-million dollar rulemaking
impacts. Practical engineering judgements also must be heavily weighted even if they do not result in easily
manipulated quantifiable outputs.

Phase 2 of the ERA analysis was performed by Dr. Clark Bullard at the University of Illinois' Air
Conditioning and Refrigeration Center. This phase of the analysis on the ERA model focused on non-
conventional technologies, that is, technologies that have yet to be built into full-size refrigerator-freezers and
tested or are not yet currently in production. Dr. Bullard's final report noted that many of these design
options being modeled in the ERA model had.errors between 50-75% compared to actual results taken from
these technologies being researched in some manufacturers ' laboratories (see Attachment 4).

The ERA model is a design model and not a simulation model, i.e., it can estimate energy impacts of design
inputs, but cannot predict the impact of those inputs on other design aspects. It does not take into account
that energy driven design options may not keep food from spoiling. Furthermore, even if all inputs and
equations were known with perfect certainty, the model would only be capable of representing performance at
a single operating condition. Refrigerators must accommodate voltage , usage, and ambient variations under
many different operating conditions. The accuracy of the output of the ERA model also is dependent upon
the qualifications of the personnel using it. Recognizing the limitations of the ERA model is critical to
understanding the variation inherent in the life cycle cost analysis that utilizes ERA's and LBL' s estimates.

b) Design Feasibility/Marketing Utility

A list of 30 various design options and sub-options (41 total options) identified by LBL was reviewed by
AHAM manufacturing members in the fall of 1992. This list of design options was inclusive of energy
savings options already implemented by manufacturers as well as many theoretical technologies in various
stages of feasibility assessment. Based on industry input, seven options were qualified as having 0%
probability of implementation. Twelve additional options were identified as having a probability of
implementation between 0 and 50%. The remaining 11 options were identified as having feasibility of 50 to
100% (see Attachment 5). LBL staff also recognized the marginal feasibility of many of these options which
were dropped from additional consideration . Comments provided to the DOE at the January 6-7 1994
ANPR hearings, as well as the written comments supplied to DOE on February 1, 1994, contain detailed
analyses and support data on the design feasibility, marketing utility and economic impacts of these proposed
options.

Among the areas of-significant industry challenge to LBL's max tech findings were the marketing utility of
design options, particularly marketing and salability impacts of increases in wall and door thicknesses,
realistic projection of available compressor energy efficiency ratios (EER) for the 1998 timeframe, realistic
application and costing of vacuum panels to refrigerator/freezers, costing and availability of high efficiency
motors in the 1998 timeframe and ERA computer simulation run time percentage necessary to project whether
refrigerator/ freezers can maintain food` quality.

A major area of dispute with the "max tech " assessment was the overly simplistic analysis performed by LBL
in developing Life Cycle Cost curves . These curves are developed from the application of assumed costs of
design options applied to ERA computer simulation outputs. This assessment ignores CFC and HCFC
phaseout , marketability , reliability, and the uncertainty associated with achieving a projected energy savings
level. The analysis also used a 19-year product life for refrigerators which is inaccurate . National Family
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Opinion (NFO) survey data indicate the product life is 15 years. An adjustment of product life in an LCC
analysis affects total and minimum life cycle costs. LBL also used discount rates which are the subject of
disagreement between the parties.

c) Impact of Increased Wall Thickness

One of the design options which has significant impact in a standards analysis is the application of additional
foam in walls, resulting in thicker walls with decreased inner volume or increased external dimensions. The
LBL max tech and other analyses rely heavily on increased wall thickness utilizing this option for 30% of the
total energy savings. It was recognized that, alternatively, using vacuum panels raises serious technical
feasibility and cost issues.

The major issues involved in the debate on increasing the insulation thickness in a refrigerator wall can be
summarized as follows:

Increasing the wall thickness has been identified as the option providing the greatest energy savings.

® Manufacturers have stated that an increase in external dimensions on refrigerator-freezers of as little
as a half inch can eliminate as much as 20-30% of a marketplace available for that particular product.
This is reflected in the attached marketing utility assessment (see Attachment 6). The LBL analysis
does not consider marketability of a product or option.

• If the external dimensions are maintained and the wall thickness increase is made to the inside of a
cabinet, allowing it to fit through doorways and into kitchens, three things will happen.

► The smaller volume cabinet sells at a lower price with less margin;
► The lower volume cabinet has to meet a more restrictive energy standard (a factor not taken

into account by the LBL analysis); and
► This design sacrifices important utility of the product in violation of the mandates of NAECA.

An expensive alternative to thicker walls is vacuum panels. Vacuum panel technologies have progressed
since the last refrigerator rulemaking. The appliance industry probably will introduce limited vacuum panel
design over the next five to ten years. Issues of concern are manufacturability, availability, reliability and in-
product performance. It is still too early in the development of this technology to apply it as a reliable design
option in the production of a 1998 compliant product. Several major issues remain unsolved.

® Vacuum panels must be used in concert with foam insulation (polyurethane foam is the mechanical
support for the cabinet).

® Wire harnesses, drain tubes, shelf anchors, etc., are between the cabinet shell and inner liner making
100% coverage of vacuum panels impossible. 50% to 60% is about. maximum and for freezers would
even be less.

® Vacuum panels are 6 to 10 times heavier than foam. Panels in doors may compromise UL tipover
requirements. The shipping weight of a typical cabinet with vacuum panels would increase by about
50 pounds.
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® Polyurethane foam averages about 15 cents per board foot. Powder filled panels are $2.50 to $3.50
per board foot and fiber filled panels, $5.00 to $7.50 per board foot. An average refrigerator-freezer
has about 114 board feet of surface area of which approximately 35 board feet would be vacuum
panels.

® Worldwide production capabilities for all types of vacuum panels is between 3 to 5 million board feet
per year . Full implementation of vacuum panels in the US alone would require over 400 million
board feet of panels.

s Product life performance characteristics (15 to 20 years ) are being improved but industry concerns
continue to work towards a vacuum panel product that maintains reliability over the life of the
refrigerator.

d) Variance & Uncertainty in LBL Assumptions on Design Option Efficiency & Costs

Another issue related to the LBL " max tech" analysis was that of the variance and uncertainty inherent in the
data being used. Industry formulated a number of different approaches for quantifying the uncertainty and
variance inherent in estimated energy savings and estimated costs for individual design options. The basis for
quantifying uncertainty and variance in the analysis lies not only in the estimates of what energy savings and
cost are reasonable in the 1998 timeframe , but it also lies in the different economies of scales available to the
companies in the refrigerator /freezer industry. The impact of design options and associated costs affect these
companies ' products differently , as well as the cost associated with those options to each company (see
Attachment 7).

An example from one of the uncertainty analyses (see Attachment 8) notes the variance in unit cost impacts
on top-mount non-dispenser automatic -defrost refrigerators in terms of 1 sigma or 2 sigma variance in the
expected energy savings from a specific group of options . In this example, in the 30% below 1993 level, a
variance in manufacturing unit costs impact runs from approximately $65 up to $ 145, dependent upon the
delivered energy efficiency of the options considered at the 30% level.

e) Additional obsolete design options

Research performed by Consumer Reports and other organizations providing confidential submittals to the
DOE showed the voltage controller did not provide any energy savings on current production models. In
fact, several of the current production models tested with this device increased in energy consumption.

Fluid control valves were thought to have energy savings properties when applied to refrigeration systems.
However, these valves have only been successfully utilized on rotary compressor refrigeration systems (at this
time, there are no plans to manufacture small, HFC -134a rotary compressors in the worldwide appliance
market because of lubrication incompatibilities inherent in that type of design ). These valves , when applied
to reciprocating type compressors , maintain the refrigerant under high pressures outside the refrigerator
during off cycles.

Research performed by Oak Ridge National Laboratory (ORNL) under a Cooperative Research And
Development Agreement (CRADA) with the Appliance Research Consortium (ARC) indicated that because of
higher compressor start up pressures , larger compressor motors were needed. These larger motors negated
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any energy savings inherent in the use of this valve. LBL agreed that these two options should be eliminated
from any further consideration.

f) Unrealistic Cost Assumptions

On the economic side of the engineering analysis, many of the costs obtained for components projected to
save energy in 1998 era appliances are considered by industry as being overly optimistic for most, if not all,
manufacturers. The cost estimates obtained by LBL on one of the high efficiency evaporator motors
projected to save energy on future appliances was requested for an unrealistically large purchase quantity. No
single refrigerator/freezer manufacturer purchases any individual motor in that quantity. Economies of scale
need to be considered when assuming component costs for all manufacturers from the largest to the smallest.

g) Other Signcant Problems in Max Tech Analysis

The LBL analysis and other analyses supporting standards levels fail to deal with the lack of an economic
justification because of the empirical difficulties in cost passthrough (the amount of increased unit costs that
would be able to be absorbed in the marketplace by the consumer), buy down effect (the tendency of
consumers to buy smaller, lower margin products as a result of increased costs on existing product), and the
resultant change in industry value projected from loss of sales from higher product costs and tremendous
capital expenditures necessary to manufacture products compliant with the 1998 refrigerator-freezer NAECA.

Much about the economic analysis of the major appliance industry is controversial and not agreed to by all
the parties. In fact, while significant data series exist for shipments, reliable retail price information is very
difficult to come by, and is not tracked by any major service. Likewise, cost information is carefully guarded
among individual companies and not released publicly for many reasons, among the chief of which relates to
antitrust considerations. It is unclear how many companies keep historical records relating to cost. Most
businesses work from conventional balance sheets and profit and loss statements, where the costs of individual
products and product lines are rarely part of the summation. Even where reliable cost information might be
available, it is unlikely to be in a readily usable form.

The industry analyzed itself using publicly available data. Essentially it charted the Producer Price Index for
refrigerator-freezers versus the Consumer Price Index for the years from 1982 to 1993 . Over that period of
time, the CPI had risen 46%, while the PPI for refrigerators had increased only 8%. Dividing the two
indices into each other, shows that the PPI had effectually declined 26% over time. It was industry's
contention that this' analysis gave a good indication that new pass-throughs of costs bearing historical mark-
ups were highly unlikely and could not be anticipated when "judged-against recent events.

Furthermore, the US domestic market for refrigerator-freezers is both mature and highly competitive. To
date, the manufacturers of these products have remained in business through intensive capital investment,
technological innovation, heightened manufacturing efficiencies -- all leading to a general increase in
productivity. To meet the demand of this very tough marketplace, companies have, by and large, made use
of the most accessible innovations available to them. Additional productivity investments will be costlier, in
all likelihood, and have a higher risk of never justifying themselves technologically or financially.
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Another area of concern not addressed by LBL was that of the impact of an HCFC phaseout. This impact is
mainly focused on the use of HCFC-141b in foam insulation. HCFC-141b is scheduled for phaseout January
1, 2003. At the present time, all non-chlorinated blowing agents being considered to replace HCFC-141b
have a minimum 10-12% energy penalty on refrigerator/freezer performance.

Based on these analyses, industry believed that LBL's identification of max tech was incorrect and that
standard levels in that range are not technically feasible or economically justified.

Non-Industry Response

Non-Industry participants agreed with the industry assertions that certain of the LBL efficiency measures,
such as the voltage controller and fluid control valves are not realistic energy-efficiency options, and that the
savings from these measures should be deleted from the analysis. They also agreed that there is a significant
degree of uncertainty associated with the costs and performance of some of the measures included in the LBL
analysis. At the LBL "max tech" level, this uncertainty is not symmetric: it would be much more difficult to
replace the energy savings from an under-performing measure with some new technology compared to the
likely benefits of implementing the same or greater energy efficiency at cost equal to or lower than the LBL
assumptions. Industry's Attachment 8 suggests that at somewhere around 30% energy savings, the
uncertainty in cost associated with the compliance increases significantly compared with the more modest
levels of prospective standards.

The LBL "max tech" level is based on increasing both wall and door thickness by one inch-a two inch
increase in side-to-side dimensions of the refrigerator. This would be a significant impact on some products
particularly since there is little energy left on the table for manufacturers to compensate for this measure
should they find it necessary not to produce a thicker wall products, (for example, in the cases of products
whose dimensions currently are as large as possible to fit through doors in existing buildings.) Non-industry
participants accepted that if manufacturers should find it necessary to maintain a product's current profile and
avoid using increased insulation thicknesses, then too few alternatives are left to compensate for the increased
energy impact.

Given the large number of uncertainties, and the fact that an unfavorable resolution of any one of these would
make the standard non-cost effective or infeasible, this level should be rejected.

III. THIRTY-FIVE PERCENT TRIAL STANDARD LEVEL

A standard level considered by the parties for the five automatic-defrost products was based on top mount
non-dispenser refrigerator/freezers. This standard level took into account much of the assessment of the LBL
max tech and resulted in standards approximately 35% below the 1993 standard for these five product classes.

At this standard level, there are several key issues. Technological feasibility issues focus on wall thickness as
well as available compressor EER's in the 1998 timeframe, data on non-performing technologies used to
support this standard and the real-world energy impacts due to an HCFC-141b phaseout. The basis for
economic justification of many of the feasible design options relates to the accuracy of ERA output
assumptions and methodology in determining cost assumptions used in life cycle cost analyses.
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Industry assessments now focused on:

a) Wall thickness impacts on marketability
b) Projected available compressor EER for 1998
c) HCFC Phaseout impacts.

a) Wall Thickness Impacts

The 35% standard level depends in large part on increased wall thickness. At this point, wall thickness
increases represented over 40% of the energy savings. An industry analysis of the marketability of larger
size refrigerator/freezers showed the percentage of available market versus refrigerator width and height (see
Attachment 6). A one half inch increase to a wall thickness dimension results in a one inch thickness increase
in the entire cabinet. According to the results provided in the refrigerator/freezer marketing survey, a one
inch increase in cabinet width could eliminate anywhere between 8 and 24% of the market being served by
that product. In other words, those products would no longer fit that particular kitchen opening (or entry
door width) in those households forcing consumers to go to smaller, lower margin products with less
available storage space.

Refrigerator/freezers are sold by available internal volume as rated according to FTC regulations. The most
costly capital tool outlay expended by refrigerator/freezer manufacturers is that of the creation of cabinetry
for household refrigerator/freezers. Maximizing the available internal volume to fit the existing marketplace
is the most critical capital assessment. The results produced in the refrigerator/freezer marketing survey (see
Attachment 6) were obtained from summaries provided by the refrigerator/freezer manufacturers building
automatic-defrost units in the U.S. and is representative of many millions of dollars of individual company
surveys and research studies performed over the last 10 15 years.

In addition, marketing individuals from each refrigerator-freezer company met in confidential sessions with
non-industry representatives and DOE to discuss the real world impacts of marginal size increases on
refrigerator-freezers and inequitable impacts on individual manufacturers with particular market niches. Non-
industry participants concluded that even one-half inch increases in insulation would not be a feasible design
measure for all models of refrigerators - that is, some percentage of products, typically much less than half
but a larger number than could be completely ignored -- would be impacted in this way. Thus, some
products would have to be designed to achieve equivalent energy savings to those achieved by wall insulation
using other energy efficiency measures. At the 35% level, this alternate design process could not be achieved
with cost-effective design options. Without the use of vacuum panels, such products would be unlikely to be
cost-effective compared to the base case of 1993 standards.

b) Projected Available EER

Another area of concern is that of available EER compressors in the 1998 timeframe. LBL's original
assumption that a 5.8 EER compressor would be available in 1998 is highly disputed by product and
compressor manufacturers. LBL reassessed compressor supplier projections for available EER in
compressors in the 1998 timeframe and reduced their estimated available EER from the 1998 timeframe to
5.6. Costs associated with the higher EER compressors in the 1998 timeframe were also revised by LBL.
The 5.6 estimate was based on the compressor size currently in use in typical refrigerators. To the extent
that this standard level is achieved by efficiency measures that reduce heat loads, smaller and less efficient
compressors would be required.
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c) HCFC Phase-Out

Hundreds of chemicals have been assessed in an attempt to implement the most energy efficient, reliable and
environmentally benign substitutes for CFC-1 1 and 12. The current energy conservation regulations are the
reason why an HCFC-141b foam is being used in household refrigerators as opposed to a non-chlorinated
blowing agent. HCFC-141b is approximately 2-3% less efficient than CFC-11, however, all other non-
chlorinated substitutes available to replace HCFC-141b are expected to be a minimum 10% less energy
efficient. It was for this reason, as detailed below, that the parties agreed that a separate tier of standards be
developed for HCFC-free products. A 10% relief from 1998 standards (approximately 7% relative to 1993
NAECA standards) is proposed for this second tier of non-HCFC products. This number is based on current
worldwide research results comparing the best HCFC-141b foam formulations against all available
alternatives for HCFC blowing agents.

Based on these analyses, the 35 % standards levels were not justified under NAECA. There were serious
questions about.its achievability by all product classes and manufacturers, its potential for adverse impact on
product utility, and its inordinate cost impacts on consumers and manufacturers. Uncertainties about a
number of aspects of the analysis created a strong risk that the burdens of the standard level would outweigh
the benefits.

In particular, there were serious uncertainties as to the level of economic impact on manufacturers and on
consumers. Industry participants were concerned that insulation increases would result i n a lessening in
product utility, and, under unfavorable scenarios of the availability of HCFC replacements, the possibility for
adverse life-cycle costs for the standard as a whole.

Analysis performed by AHAM suggested a higher degree of uncertainty concerning the cost of meeting the
standards at levels of energy savings greater than 25% to 30%. Some of the analysis of cash flow to the
industry suggested the potential for serious adverse impacts a the 35% to. 40% savings level that were not
nearly so serious at the 25% to 30% savings level. These uncertainties are compounded by the issue of
HCFC replacement. Since this standard will be in effect after the 2003 phase-out of HCFC-141b, the level
selected must be technically justified and economically feasible in a non-HCFC world. Current analysis>
suggest that this could only occur at the 35% level with the use of vacuum panels. Vacuum panels are not a
cost effective measure according to the LBL analysis, and industry participants argued that LBL's cost
estimates per vacuum panels were optimistic and that there are serious technical obstacles to full
implementation by industry. (Non-industry parties believe that LBL's cost estimates were too pessimistic)

An additional element of uncertainty is the extent to which increased wall insulation can be used in
refrigerators that the public would buy. Data from some manufacturers suggested a very low potential for
increasing insulation thickness, and all manufacturers' presentations suggested that at least some of the market
would be unable to use this efficiency measure.

For freezers and compact refrigerators, the so-called max tech levels raise questions regarding the ability of
industry to produce models meeting these efficiency levels that would sell in sufficient numbers to maintain
the industry's viability. Unlike refrigerators, which are present in virtually every American household, these
products are largely discretionary purchases. Increases in costs to the consumer are more likely to result in
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reduced overall sales values. Consumer preferences for products with thinner walls would be more likely to
lead to reductions in sales as well.

Balancing the benefits and burdens, non-industry participants believe that the balance was relatively close.
The relatively high levels of uncertainty in the analysis coupled with the relatively large adverse impacts
should these uncertainties be resolved in the unfavorable direction, lead to a conclusion by non-industry
participants that this level lacks economic justification. Industry also had serious technical concerns, as
described above.

IV. THE TWENTY-ONE/TWENTY-SEVEN PERCENT STANDARD LEVEL

This section discusses a proposal that was on the table as part of the negotiation process. Following the
procedures of NAECA, a level less stringent than the recommended standards level may not need to be
rejected explicitly. But, to further illuminate the process by which a consensus was reached that the
recommended level best fits the requirements of NAECA, it is useful to discuss why a lower standards level
was considered to be less economically justified.

The parties reviewed a standard level which used ERA analysis and criteria for standards which were focused
on conservatively achievable technology, three years or less payback, and modest financial impacts on
manufacturers. This analysis relied on six design options having the highest probability of implementation
with prescribed energy savings (see Attachment 9).

The standard level projected for the top freezer, automatic defrost models analyzed in this effort was
approximately 21 % below the 1993 standard level for an HCFC-free product design. Equivalent HCFC
product were extrapolated to a 27% below 1993 standard level.

This standard level was critically evaluated as not providing the maximum energy conservation which could
be justified under the law for the following principle reasons.

a) This proposal was based on a 3 -year payback level, disallowing design options with alonger payback
period which non-industry parties believe could be economically justified.

b) The design options chosen had the highest probability of successful implementation at conservatively
estimated energy savings levels. Less conservative analysis indicates that other design options are
reasonably available and that energy savings projections may be unduly conservative.

c) This analysis-was developed with the purpose of selecting design options that provided an equal
economic impact on all manufacturers . The non-industry parties believe that the law does not require
this precise result, although manufacturers ' impact must be considered.

I

One of the insights from this exercise was that individual options affected different companies in different
ways . When all seven options were applied to the four companies' ERA input files, the resultant life cycle
cost curves varied by about five percent, a considerable amount given the identical options were applied to
each analysis.
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V. THE PROPOSED STANDARDS

A. Refrigerator-Freezers

The proposed standards (see Attachment 1) are based on a negotiated approach to identifying the maximum
level of efficiency that is technologically feasible and economically justified. A negotiated approach may
provide slightly different results from those achieved by conventional rulemaking because this NAECA
criterion can be satisfied in a more flexible way, providing greater overall energy savings for a given level of
impacts.

The process of identifying the appropriate standards levels under NAECA attempts to maximize energy
savings subject to the constraint that the economic impact of the standards , both on consumers and on
manufacturers, is beneficial on balance.

Impacts on manufacturers are different for different product classes. For product classes representing
discretionary purchases, such as some compact refrigerators and most freezers, cost increases due to standards
may result in much greater reductions in sales compared to the refrigerator-freezers classes, whose purchase
is essentially necessary when a new house is constructed or when an existing product fails. Some design
options with perceived consumer or marketing disadvantages, such as increasing wall thickness, are more
troublesome for these more discretionary classes of products.

The consumer cost-effectiveness of increasing levels of energy efficiency, as well as the impact of these levels
on manufacturers, also depends on the scale on which the product is produced. For those products with the
highest production volumes, capital cost increases can be amortized over a larger number of units , resulting
in fewer impacts . In contrast, for products with smallest sales volumes capital cost increases will be spread
over fewer models and will have a larger impact on product cost . These effects will operate differently for
different manufacturers, depending on the mix of their sales.

The negotiation process allowed a forum at which levels of standards could be discussed that maximized
energy savings for any given level of impact on industry. This approach provides, we believe, greater energy
savings and lower industry impacts than the more traditional rulemaking approach. -

As a result , the final agreement (Attachment 1) concentrates the largest energy savings on the five automatic
defrost categories, with the very largest percentage reduction in the two classes with highest sales volumes.
These five classes represent more than two thirds of the total energy consumed by all refrigerator/freezers.
These five product-classes represent 85 % of the total energy savings generated from the standards.

The parties agreed that in the interest of conserving engineering and capital resources while maximizing
energy savings, the greatest changes in design should be concentrated on the largest two product classes - top
mount, non dispenser, and side by side with dispensers - and not other refrigerator/freezers, freezers or
compacts. The negotiation process provided a degree of sensitivity and flexibility to fashion these cost
effective arrangements not otherwise available in the traditional arms length notice and comment process.
That flexibility permitted the participants, for the first time, to address 1) the cumulative economic impact of
individual design options, and 2) the varying severity of that cumulative economic impact upon different
product classes and differently situated manufacturers. The negotiation process allowed for a cumulative
assessment of impact which, in turn, led to adjustments among various product standard levels in order to
better balance the economic impact among manufacturers.
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There are five product classes that meet the criteria of automatic defrost refrigerator-freezers: Top-mounted
Freezer Non-dispenser, Top-mounted Freezer Dispenser (Ice and/or Water), Side-mounted Freezer Non-
dispenser, Side-mounted Freezer Dispenser, and Bottom-mounted Freezer. The only aspect these products
have in common is that they contain a refrigerated compartment, a freezer compartment, and automatic
defrosting.

Dispensers for ice and/or water through the door affect the performance of Top-mount Freezer models the
(the dispenser normally is in the fresh food door) and Side-mount Freezer models (the dispenser is normally
in the freezer door) in significantly different ways. Because of this difference, the energy consumption of a
Side-mount Freezer dispenser can be higher than a Top-mount Freezer dispenser due to a greater amount of
heat transferred through a freezer door dispenser.

Similar design options affect the performance of Top-mount, and Bottom-mount Freezer models in different
ways. For example, an improvement in gasket design will save the most energy on a Side-mount Freezer
model and the least on a Top-mount Freezer model since the former has more linear inches of gasket than the
latter. Gasket improvements have a lesser impact on small volume products of any class versus large volume
models for the same reason. Most manufacturers do not build all product classes or all sizes within a product
class. This fact emphasizes the need to maximize the total energy savings while considering the resultant
economic impacts to each company.

B. Compact Refrigerator /Freezers

This new set of classes includes all products less than 7.75 cubic feet (FTC/AHAM rated volume) and 36
inches or less in height. The marketplace and industry recognize products meeting these criteria as a separate
niche with special engineering and investment constraints. Much smaller privately held family owned single
product companies dominate this market . The economies of scale restrictions placed on these companies are
much different than those of the full size product manufacturers and because of the niche products these
manufacturers produce, external dimensions of these products are even more critical.

a) LBL Max Tech Assessment of Compact Refrigerator/Freezers

Because of LBL's need to use the ERA design model to generate these performance and cost figures, the
problems inherent in generating economic and engineering numbers for this product class were amplified.
Using the most recent version of the ERA model, the accuracy for compacts is still plus or minus 30% which
is well beyond acceptable modeling simulations.

Eleven different options were applied to compact models in an attempt to gauge payback periods and life
cycle costs for energy efficient options. The options that were selected for "max tech" consideration included
compressor efficiency improvements, motor efficiency improvements (in models that utilize motors), anti-
sweat heater improvements (in models that utilize an anti-sweat heater), condenser efficiency improvements,
evaporator efficiency improvements, wall and door insulation thickness increases,and gasket efficiency
improvements. The only options that were identified by industry as having a high probability of feasibility
from a design and marketing aspect were those of improved compressor efficiency and improved motor
efficiency (in models having motors).
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The other five option areas identified by LBL in their max tech assessment for compacts were identified by
the manufacturers as having an extremely low design feasibility or marketing utility when applied to their
products . Those options when graded on a scale from 0-100 averaged about 20% (not buildable, not
saleable) for marketing utility and design feasibility.

As stated earlier, many of the different compact models (while in different product classes ) are similar enough
in construction and design within each of the small manufacturing firms that they can be assessed as a single
group . LBL's "max tech " assessment for compacts was approximately 25% below 1993 NAECA standards
(see Attachment 10).

Increased wall' and door thickness options were only applied to one class of compacts in LBL's "max tech"
assessment . The case against increased wall and door thicknesses , as elaborated earlier in discussions on the
impact of increased wall thicknesses on full size product, has an even more severe impact on compact
refrigerators. Marketing considerations of compacts do not allow for an increase in wall thickness since most
products are designed for niche or undercounter application with no room for expansion of the cabinet size.
Any increase in wall thickness would compromise the utility of the product by decreasing the usable interior
volume for a product that already has limited applications in the marketplace.

A similar problem applies to insulation increases in top and bottom panels; this space constraint is recognized
in the new definition of the compact class as limited to models below 36 inches in height.

These new set of compact classes include all products less than 7.75 cubic feet (FTC/AHAM rated volume)
and 36 inches or less in height. The marketplace and industry recognize products meeting these criteria as a
separate niche with special engineering and investment constraints. Much smaller, privately-held, family-
owned, single-product companies dominate this market. The economies of scale restrictions placed on these
companies are much different than those of the full-size product manufacturers and because of the niche
products these manufacturers produce, external dimensions of these products are even more critical.

b) AHAM Life Cycle Cost and Payback Assessment of Compact Refrigerator/Freezer

The five compact refrigerator/freezer manufacturers supplying data for life cycle cost and payback analysis
identified a "max tech " limitation to their products of approximately 15% below 1993 levels. This level did
not take into account economic justification (consumer and manufacturer) or safe harbor issues. This
assessment took into account the following (Section of NAECA, see Attachment ):

High efficiency compressors of 5.5 EER are-not realistic-for compact-refrigerator/freezers. Low
capacity compressors available for compact refrigerator/freezers in the 1998 timeframe are expected
to have efficiencies of approximately 3.6 EER.

® Most compact refrigerator/freezer manufacturers are small companies with limited research and
development funding and capital resources.

High efficiency foams require high pressure impingement systems that are only economically viable
for very large manufacturers. Most compact manufacturers use what is known as an auto froth
foaming system (low pressure) that cannot produce high efficiency foam insulation . Non-CFC auto
froth formulations are also limited to moderately energy efficient replacements.
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• In most cases, compact refrigerator/freezers and freezers do not employ fan motors, mullions, auto-
defrost or through-the-door features. As a result, design strategies which relate to these components
or technologies are not available for improvement.

• The need for high efficiency components by compact refrigerator/freezer and freezer manufacturers
carries a low priority with component suppliers. Motor and compressor manufacturers apply their
engineering resources to larger volume manufacturers leaving the low volume niche type compact
refrigerators to the tail end of their design cycles. For example, there are compact manufacturers that
still have not been provided with sample non-CFC-12 compressors that provide acceptable energy
efficiency to household appliance applications.

Compact manufacturers analyzed the 30 design options and sub-options (41 total options) identified by LBL
as applicable to their products. These options were quantified and ranked from 1-41, relative to their design
feasibility, energy savings and marketing utility. Of the 41 options and sub-options identified, 12 were
identified as not applicable to compact refrigerator/freezers, 26 were identified as having.less than 50%
design feasibility/marketing utility, and only 3 options were identified as having a design feasibility/marketing
utility of over 50% (see Attachment 12). Those three options were: improved gaskets, improved compressor
efficiency and improved fan motor efficiency (on those products that have fan motors).

c) Proposed Standards for Compact Refrigerator/freezers and Freezers

Because of the special design constraints and limited number of options applicable to compact
refrigerator/freezers and freezers, it was difficult to develop life cycle cost analyses that reflected the real
marketing situation for these products . An LBL assessment using inputs from AHAM compact manufacturers
showed that an energy savings level of 2-3 % below the 1993 standards would result in a minimum five-year
payback for consumers . This assessment did not take into consideration unique marketing restrictions of
individual compact refrigerator /freezer and freezer manufacturers.

The engineering, marketing and economic realities of the compact refrigerator/freezer and freezer
manufacturers can easily be put into perspective by understanding that the total energy consumption of all
compact refrigerator/freezers and freezers in the U. S. is less than 2.6% of the total energy consumed by all
refrigerator/freezers and freezers. The inaccuracy of the ERA model in simulating these models has rendered
economic assessments stemming from that model as an unfair statement of the real situation that compact
refrigerator/freezer and freezer manufacturers face.

The real situation faced by these manufacturers is-thatthere are only three or four options applicable-to their
products as energy savings options for the 1998 timeframe. Because of a lack of economies of scale available
to the large product manufacturers, the impact on these manufacturers is also more severe. In an effort to
balance the economic impact on the manufacturers and the time for consumers to realize the payback for
improvements in energy efficiency in these products (which had been assessed at about 2-3% below the 1993
levels for a five-year payback) the compact refrigerator/freezer manufacturers agreed to an energy level
approximately 5% below the 1993 standards for all eight compact type refrigerator/freezers and freezers.
This proposal was also found acceptable by non-industry participants in this negotiation.
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C. Household Freezers

The category of household freezers includes three product classes defined as: chest freezers with manual
defrost; vertical freezers with manual defrost; and vertical freezers with automatic defrost. As a group, the
freezer product classes have technical and marketing constraints unique to their individual markets. These
design constraints are amplified by the fact that the 1993 NAECA energy efficiency standards imposed an
additional 14% stricter target on household freezers than refrigerator/freezers. Energy efficiency gains on
household freezers out pace any other appliance standard in the U.S. Some parties believe that as a direct
partial consequence of the 1993 NAECA standards, three companies terminated production of these products.

a) LBL Max Tech Assessment of Freezer Products

LBL completed an assessment of freezer products and life cycle cost curves generated from ERA model
outputs. As was stated in the case of the compact refrigerator/freezers and freezers, the ERA model accuracy
for the three freezer product classes was +33%, which is still well beyond acceptable modeling simulations.

When considered as a group, the ERA modeling accuracy for the three freezer classes has the highest degree
of error than the other ERA assessments.

Much of the rationale for the proposed standard levels for compacts and freezers have resulted from lessons
learned in the development of proposed standards for the automatic defrost refrigerator/freezers. For
example, when the first LBL "max tech" levels were developed, the maximum technically feasible numbers
coming from that assessment were in the mid-40% level below the 1993 NAECA standard. After two years
of refinement of the numbers, and clarification of the design aspects presented for those "max tech" levels,
the LBL " max tech ' level ended up in the low 30% level below the 1993 levels (assuming no change in
insulation thickness).

In the case of freezer products, the first shot, LBL "max tech" levels are approximately 40% below the 1993
NAECA standards (see Attachment 13). As opposed to the analyses of the automatic defrost "max tech"
levels, the difference between the manufacturers ' assessment and LBL' s assessment of the three freezer
classes is much greater , with the manufacturers ' "max tech " level at the mid-20% level below 1993 NAECA
standards (see Attachment 14).

The number of energy saving options applicable to household freezers is almost as limited as those for
compact refrigerator/freezers. The options applied by LBL in its "max tech" analysis included increased wall
and door thicknesses higher EER compressors. improved gaskets-and enhanced performance of evaporator
and condenser coils. In the automatic defrost vertical freezer product class, adaptive defrost and more
efficient motors are applied. These latter options are not used on manual defrost models.

The impact of increased wall thickness on household freezers is a concern as it is for household refrigerator/
freezers. One basic problem is getting the unit through doorways, down hallways and through stairwells:
Another problem is that since the freezer market is declining, introduction of designs which are unacceptable
to some consumers is even more troublesome. As stated in the argument for the five automatic defrost
categories, increased wall and door thicknesses are not options for increased energy performance for
household freezers. One freezer manufacturer presented information at the ANPR hearing regarding how it
had been forced to reduce its wall thickness by 1/2 inch because of the negative-marketability of the product
(the company also stated that energy efficiency gains were less than half that as projected by the ERA model).
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Another argument that is carried forward from automatic defrost and compact products is that of available
EER for compressors in the 1998 timeframe. With improvements that have been made in foam insulation and
gaskets on these products, the size compressor needed to maintain food quality is smaller than it had been in
previous years. These smaller compressors do not have EERs as high as the ones stated in the LBL "max
tech" analysis. The consensus of the freezer manufacturers and compressor suppliers indicated that an
improvement of approximately 7% in EER can be expected between 1994 and the 1998 timeframe.

b) ARAM Life Cycle Cost Analysis of Freezer Products

Many technical issues special to freezer product classes have been overlooked in LBL's assessment of "max
tech" on these products. For instance, the CFC replacement issue has been especially difficult to resolve on
freezer products. HFC-134a, the preferred refrigerant replacement, has an additional 3-4% energy penalty
inherent in its performance at temperatures necessary for household freezer products as compared to
refrigerator freezers.

Along the same lines, the most common replacement for CFC-11 in the blowing agent for foam insulation is
HCFC-141b. Since this chemical is basically in a liquid phase while exposed to temperatures produced in
household freezers, the liquid thermal conductivity is especially important in its performance as an energy
efficient CFC-11 replacement . As applied to household freezers, however , this particular CFC-11
replacement carries an approximate 5 - 6% energy penalty when applied to household freezers. These two
aspects were not taken into account in the LBL " max tech" assessment.

Taking into account the options presented by LBL in its "max tech' assessment, the AHAM LCC analysis
agreed, in concept, to all the options stated with the exception of increased foam in walls and doors for the
reasons stated in previous sections. The AHAM analysis also agreed with the energy reductions inherent in
options improving the efficiency of evaporator coils as well as improved gasket numbers provided in the LBL
life cycle cost assessment.

There were differences in the AHAM and LBL analyses in the absolute energy reductions projected for
improved EER compressors, the amount of energy that can be saved through improved condenser heat
transfer surfaces and the application of adaptive defrost to the vertical freezers with auto defrost.

c) Proposed Standard for Freezer Products

Freezers are an optional commodity in a typical U.S. household. They are basically sold in the replacement
market, and due to the price sensitivity of this market, there is less opportunity to pass through costs of
energy improvements to the consumers. Thus, if regulatory induced costs cannot be passed on, the product
line becomes relatively unprofitable.

Because of the simplicity of freezer design, there are fewer applicable design options than there are for
automatic defrost refrigerator/freezers. Additionally, since a larger percent of the energy used by freezer
products has been reduced through regulation over the last ten years, there is less of an opportunity left to
reduce energy consumption further on these products.

In cooperation with industry, DOE, Arthur D. Little, and LBL implemented revisions to the ERA computer
simulation to accommodate modeling of household freezers. However, significant errors still exist in the
ERA's ability to do this modeling. For example, freezers typically require compressor run times of around
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simulation to accommodate modeling of household freezers. However, significant errors still exist in the 
ERA's ability to do this modeling. For example, freezers typically require compressor run times of around 
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65% while ERA modeling shows run times of around 39%. Freezers require smaller and inherently less
efficient compressors to produce a realistic design simulation capable of preserving food in the long term.

With respect to increases in wall thickness, freezer manufacturers showed that the application of this design
option to their products does not produce the energy savings estimated from the ERA output and has the
marketability problems discussed above.

After carefully reviewing the feasibility and energy efficiencies inherent in options proposed by LBL, while
incorporating inputs from refrigerator manufacturers and compressor manufacturers, industry and non-
industry participants in this exercise came to the agreement on standards levels for freezer products. Industry
agreed to base the standard on most of the design options identified by LBL while non-industry participants
agreed to base the standards on the more conservative industry energy savings estimates.

D. Manual/Partial Defrost Products

There are only a few models with a small market niche in this declining product category. The percentage of
U.S. sales in these product classes is 1.7% and falling. Data and analysis on elementary engineering and
economic issues are difficult to obtain. However, non-industry participants felt that it is important to
recommend a relatively stringent US standard on this product class because of the potential impact on similar
,products produced in or for less-developed countries. They believe that it is likely that other countries then
will adopt similar standards. Because of the limited availability of data and small market, a standard proposal
related to the top freezer, automatic defrost proposal was developed. Industry and non-industry
representatives agreed to an energy standard 10% lower than the top freezer, automatic defrost for
manual/partial defrost refrigerator-freezers.

The energy consumption differential between automatic defrost and non-automatic defrost units has been
declining over time , and is expected to decline further as adaptive defrost options become incorporated into
the automatic defrosting systems. The standards proposal is based on the judgment of all the participants that
a 10% energy consumption difference for a given adjusted volume accounts for the relatively irreducible
minimum change in energy consumption relating to a manufacturer's decision not to use automatic defrost.

E. Non-HCFC Products

The treatment of HCFC's becomes a significant issue in the design of these standards because of the schedule
for implementing energy standards and HCFC standards. Under the Environmental Protection Agency's
regulations, HCFC-141b will become unavailable after December 31, 2002. These refrigerator standards will
go into effect in 1998, and would remain in effect at least through the December 31, 2002 HCFC-141b
termination date (if DOE chooses to set a 2003 standard) or beyond that if DOE does not act. DOE could set
standards at a level appropriate considering non-HCFC chemicals in its (optional) next rulemaking, but is
prohibited under NAECA from making the standards less stringent.

Therefore, the structure of the energy standards could present a serious problem for the refrigerator industry
unless dealt with, now with the best available data in this standards selling process.
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Current data from Europe, Japan, and the United States support approximately a 10% energy penalty in the
shift from HCFC-141b to likely Hydroflourocarbon and Hydrocarbon substitutes. These energy penalties
may be the ones that industry faces in its attempt to design , with an appropriate lead time, products that can
be sold in 2003.

The parties recognize that in coming years more data will be developed on the energy penalty issue. New
technologies may be available to reduce or eliminate the energy penalty, but it is impossible to forecast with
certainty their manufacturability by 2003. The parties have proposed to address these issues by developing
new product classes for refrigerator/freezers that do not use HCFC-141b in foam insulation. These product
classes parallel the conventional product. classes set forth in the agreement and Attachment 15. Any non-
HCFC, non-ozone depleting foam blowing agent which is approved by EPA under the Clean Air Act's Safe
Alternatives Program would qualify a product for these classes. Blends or mixtures which use less than 10%
HCFC's qualify.

These non-HCFC classes would permit 10% greater energy use than the comparable HCFC-using classes to
provide industry with a known, feasible way of meeting the standards before 2003. The less stringent
standard expires 6 years after the effective date of the primary standard (absent another DOE rulemaking).
Thereafter, it is anticipated that alternative design options will be available.

The separate tier of standards is triggered or would go into effect under the following circumstances and
would apply to units produced:

1) 18 months prior to the total phaseout by EPA of HCFC-141b in January 1, 2003, to wit, July 1,
2001;

2) 18 months prior to any earlier phaseout date or restriction on use of HCFCs in refrigerator/freezer
foam set by EPA; or

After the granting of a petition by DOE which petition demonstrates that HCFC-141b is in such short
supply or economically infeasible to use due to, for example , chemical supplier announcements or
other actions affecting supply or use.

After the 1998 effective date of the basic standards and before the effective date of the non-HCFC standard as
stated in (1) - (3) above, each manufacturer may annually produce non-HCFC units subject to the alternative
standard for up to 5% of its total production or for 10,000 units, whichever is less . This allowance for the
non-HCFC standard-to apply to a small number of units allows manufacturers the ability for field testing with
real consumers under actual commercial conditions, which will be necessary in the case of the advanced
technology which will be required to meet the 1998 standards.

The non-HCFC standard would terminate and non-HCFC products would be subject to the basic standard 6
years after the basic standard's effective date unless DOE acts to renew or revise the non-HCFC standard
levels in a subsequent rulemaking.

DOE would monitor and require reports on compliance with the field testing exception.

EE-RM-93-801 COMMENT 49

Joint Comments Relating to Energy Conservation 
Standards for RefrigeratoriFreezers 

Page 21 

Current data from Europe, Japan, and the United States support approximately a 10% energy penalty in the 
shift from HCFC-141b to likely Hydroflourocarbon and Hydrocarbon substitutes. These energy penalties 
may be the ones that industry faces in its attempt to design, with an appropriate lead time, products that can 
be sold in 2003. 

The parties recognize that in coming years more data will be developed on the energy penalty issue. New 
technologies may be available to reduce or eliminate the energy penalty, but it is impossible to forecast with 
certainty their manufacturability by 2003. The parties have proposed to .address these issues by developing 
new product classes for refrigerator/freezers that do not use HCFC-141b in foam insulation. These product 
classes parallel the conventional product classes set forth in the agreement and Attachment 15. Any non­
HCFC, non-ozone depleting foam blowing agent which is approved by EPA under the Clean Air Act's Safe 
Alternatives Program would qualify a product for these classes. Blends or mixtures which use less than 10% 
HCFC's qualify. 

These non-HCFC classes would permit 10% greater energy use than the comparable HCFC-using classes to 
provide industry with a known, feasible way of meeting the standards before 2003. The less stringent 
standard expires 6 years after the effective date of the primary standard (absent another DOE rulemaking). 
Thereafter, it is anticipated that alternative design options will be available. 

The separate tier of standards is triggered or would go into effect under the following circumstances and 
would apply to units produced: 

1) 18 months prior to the total phaseout by EPA of HCFC-141b in January 1, 2003, to wit, July 1, 
2001; 

2) 18 months prior to any earlier phaseout date or restriction on use of HCFCs in refrigerator/freezer 
foam set by EPA; or 

3) After the granting of a petition by DOE which petition demonstrates that HCFC-141b is in such short 
supply or economically infeasible to use due to, for example, chemical supplier announcements or 
other actions affecting supply or use. . 

After the 1998 effective date of the basic standards and before the effective date of the non-HCFC standard as 
stated in (1) - (3) above, each manufacturer may annually produce non-HCFC units subject to the alternative 
standard for up to 5% of its total production or for 10,000 units, whichever is less. This allowance for the 
non-HCFC standard~o apply to a small number ofl.mits-allows manufacturers the ability for field testmg with 
real consumers under actual commercial conditions, which will be necessary in the case of the advanced 
technology which will be required to meet the 1998 standards. 

The non-HCFC standard would terminate and non-HCFC products would be subject to the basic standard 6 
years after the basic standard's effective date unless DOE acts.to renew or revise the non-HCFC standard 
levels in a subsequent rulemaking. 

DOE would monitor and require reports on compliance with the field testing exception. 

jposton
Rectangle

jposton
Rectangle



Joint Comments Relating to Energy Conservation
Standards for Refrigerator/Freezers

Page 22

VI. COMPLIANCE WITH NAECA REQUIREMENTS

The agreed-to standards comport fully with the standards criteria in NAECA and have been set to achieve the
maximum improvement in energy efficiency which is technologically feasible and economically justified as
required by Section 325(0)(2) of NAECA.

By working down from purported max-tech levels and evaluating more stringent levels, such as the 35% level
discussed above, the parties settled on the first and most stringent standard level which is clearly technically
feasible for all product classes and is economically justified, taking into account the diverse considerations
and societal, consumer, and manufacturer interests set forth in Section 325(O)(2)(B).

A. Economic Impact of the Standard on Manufacturers and on Consumers

The agreed upon standards have a favorable impact on consumers, assuming that the markups over direct
product costs (labor, materials and factory overhead) remain at or below the industry averages determined by
LBL. If costs cannot be fully passed on, then the consumer economics are more favorable than those
presented in the LBL analysis but the industry economics are less favorable.

The overall effects of the proposed standards on manufacturers depend heavily on `assumptions concerning the
manufacturers' ability to pass through both direct production costs and mark-ups sufficient to cover required
investments and related costs. Many industry participants believe that it will not be possible to pass on even
the full direct product costs as indicated by the fact that the producer price index for refrigerators has
significantly lagged behind general increases in consumer process over the past seven years (see Attachment
16). The relationship between these two indices implies that the manufacturers have not been able to pass
through their full cost increases in the past, a period with much smaller cost increases than anticipated by the
proposed standards.

The refrigerator industry has analyzed the potential effects of the proposed standards on manufacturers using
a Government Regulation Impact Model (GRIM), previously submitted to DOE and now in the public
domain, developed as an alternative to previous analytical approaches. The GRIM assesses the change in
value from the affected portion of the refrigerator industry through a straightforward estimation of the future
costs, revenues and investments required to meet any proposed set of standards. All discussions of economic
impacts exclude any impacts related to the costs associated with CFC or HCFC phase-outs.

Using the GRIM approach, under an optimistic set of assumptions, the financial impact of the proposed
standards could be favorable for the manufacturers of automatic defrost refrigerators. If the manufacturers
can pass through their incremental direct costs at their current average mark-up, then their industry value
would remain essentially constant or increase slightly at any of the proposed standard levels (see Attachment
17). If manufacturers can pass through only their direct costs with no mark-up, a situation considered still
optimistic by many manufacturers, then the manufacturers are at risk to lose approximately 25% of their total
industry value under the proposed standard level (see Attachment 18). At the original "max tech" standard
level, the refrigerator manufacturers lose over 100% of the total industry value (or over $800 million) if they
can only pass through direct product costs.

EE-RM-93-801 COMMENT 49

Joint Comments Relating to Energy Conservation 
Standards for Refrigerator/Freezers 

Page 22 

VI. COMPLIANCE WITH NAECA REQUIREMENTS 

The agreed-to standards comport fully with the standards criteria in NAECA and have been set to achieve the 
maximum improvement in energy efficiency which is technologically feasible and economically justified as 
required by Section 325(0)(2) of NAECA. 

By working down from purported max-tech levels and evaluating more s~ringent levels; such as the 35% level 
discussed above, the parties settled on the first and most stringent standard level which is clearly technically 
feasible for all product classes and is economically justified, taking into account the diverse considerations 
and societal, consumer, and manufacturer interests set forth in Section 325(0)(2)(B). 

A. Economic Impact of the Standard on Manufacturers and on Consumers 

The agreed upon standards have a favorable impact on consumers, assuming that the markups over direct 
product costs (labor, materials and factory overhead) remain at or below the industry averages determined by 
LBL. If costs cannot be fully passed on, then the consumer economics are more favorable than those 
presented in the LBL analysis but the industry economics are less favorable. 

The overall effects of the proposed standards on manufacturers depend heavily on 'assumptions concerning the 
manufacturers' ability to pass through both direct production costs and mark-ups sufficient to cover required 
investments and related costs. Many industry participants believe that it will not be possible to pass on even 
the full direct product costs as indicated by the fact that the producer price index for refrigerators has 
significantly lagged behind general increases in consumer process over the past seven years (see Attachment 
16). The relationship between these two indices implies that the manufacturers have not been able to pass 
through their full cost increases in the past, a period with much smaller cost increases than anticipated by the 
proposed standards. 

The refrigerator industry has analyzed the potential effects of the proposed standards on manufacturers using 
a Government Regulation Impact Model (GRIM), previously submitted to DOE and now in the public 
domain, developed as an alternative to previous analytical approaches. The GRIM assesses the change in 
value from the affected portion of the refrigerator industry through a straightforward estimation of the future 
costs, revenues and investments required to meet any proposed set of standards. All discussions of economic 
impacts exclude any impacts related to the costs associated with CFC or HCFC phase-outs. 

Using the GRIM approach, under an optimistic set of assumptions, the financial impact of the proposed 
standards could be-favorable for the manufacturers of automatic defrost refrigerators. If the manufa1:tllrers 
can pass through their incremental direct costs at their current average mark-up, then their industry value 
would remain essentially constant or increase slightly at any of the proposed standard levels (see Attachment 
17). If manufacturers can pass through only their direct costs with no mark-up, a situation considered still 
optimistic by many manufacturers, then the manufacturers are at risk to lose approximately 25% of their total 
industry value under the proposed standard level (see Attachment 18). At the original "max tech" standard 
level, the refrigerator manufacturers lose over 100% of the total industry value (or over $800 million) if they 
can only pass through direct product costs. 

jposton
Rectangle

jposton
Rectangle



Joint Comments Relating to Energy Conservation
Standards for Refrigerator/Freezers

Page 23

The volumes associated with freezer production cause freezer manufacturers to be adversely affected under all
reasonable assumptions. Even at the current average mark-up of 30% over direct costs to manufacturers
price implicit in the LBL analysis, freezer manufacturers lose industry value even at the proposed standard
level (see Attachment 19).

The limited investment requirement by compact refrigerator manufactures reduces greatly the likelihood of
adverse impacts from the proposed standard level.

B. The Savings and Operating Costs Compared to Price Increases

At any of the parametric choices of discount rates that have been analyzed by DOE, the savings in operating
costs are significantly larger than the increases in price.

C. The Total Projected Amount of Energy Savings

The energy savings provided by this agreed upon standard are very significant: participant estimates are a
savings of 20 billion Kwh or .23 quads of primary energy annually by 2010.

D. Any Lessening of the Utility or Performance of the Covered Products

These standards were chosen at a level that provides for no significant lessening of utility or performance.

E. The Impact of any Lessening of Competition

None of the parties to these agreement believe that the standards will lead to a likelihood of reduced
competition.

F. The Need for National ,Energy Conservation

As noted, these standards produce very significant energy savings , both on the absolute level and compare to
the results of other DOE rulemakings.

G. Other Factors the Secretary Considers Relevant

These standards allow for the Environmental Protection Agency to make appropriate decisions onthe-use of
HCFCs without interacting negatively with the energy efficiency standards. They allow for a significant
reduction in the emission of global greenhouse gases due to the large energy savings.

The standards also have been carefully set to avoid the proscription in Section 325(0)(4) against presenting a
standard which would result in the unavailability in the United States in any covered product type or class of
performance characteristics (including reliability), features, sizes, capacities, and volume that are substantially
the same as those now available. This has been accomplished in several ways. The stringency
of the standards, including the slope of the line in the energy equation, have been set to avoid eliminating
features, size, and levels of reliability on which consumers have depended for decades. The separate product
classes and standards for compacts and freezers will ensure the viability of these products but also provides
significant energy savings. Finally, the non-HCFC standards avoids the possibility that some or all

EE-RM-93-801 COMMENT 49

Joint Comments Relating to Energy Conservation 
Standards for Refrigerator/Freezers 

Page 23 

The volumes associated with freezer production cause freezer manufacturers to be adversely affected under all 
reasonable assumptions. Even at the current average mark-up of 30% over direct costs to manufacturers 
price implicit in the LBL analysis, freezer manufacturers lose industry value even at the proposed standard 
level (see Attachment 19). 

The limited investment requirement by compact refrigerator manufactures reduces greatly the likelihood of 
adverse impacts from the proposed standard level. 

B. The Savings and Operating Costs Compared to Price Increases 

At any of the parametric choices of discount rates that have been analyzed by DOE, the savings in operating 
costs are significantly larger than the increases in price. 

C. The Total Projected Amount of Energy Savings 

The energy savings provided by this agreed upon standard are very significant: participant estimates are a 
savings of 20 billion Kwh or .23 quads of primary energy annually by 2010. 

D. Any Lessening of the Utility or Performance of the Covered Products 

These standards were chosen at a level that provides for no significant lessening of utility or performance. 

E. The Impact of any Lessening of Competition 

None of the parties to these agreement believe that the standards will lead to a likelihood of reduced 
competition. . 

F. The Need for National.Energy Conservation 

As noted, these standards produce very significant energy savings, both on the absolute level and compare to 
the results of other DOE rulemakings. 

G. Other Factors the Secretary Considers Relevant 

These standards allow for the Environmental Protection Agency to make appropriate decisions on the~use of 
HCFCs without interacting negatively with the energy efficiency standards. They allow for a significant 
reduction in the emission of global greenhouse gases due to the large energy savings. 

The standards also have been carefully set to avoid the proscription in Section 325(0)(4) against presenting a 
standard which would result in the unavailability in the United States in any covered product type or class of 
performance characteristics (including reliability), features, sizes, capacities, and volume that are substantially 
the same as those now available. This has been accomplished in several ways. The stringency 
of the standards, including the slope of the line in the energy equation, have been set to avoid eliminating 
features, size, and levels of reliability on which consumers have depended for decades. The separate product 
classes and standards for compacts and freezers will ensure the viability of these products but also provides 
significant energy savings. Finally, the non-HCFC standards avoids the possibility that some or all 

jposton
Rectangle

jposton
Rectangle



Joint Comments Relating to Energy Conservation
Standards for Refrigerator/Freezers

Page 24

manufacturers would have to drastically reduce product offerings because of their inability initially to meet
the 1998 standards without HCFC-141b.

The standards agreement also uses and is compatible with the authority in Section 325(q) which authorizes
separate standards and classes for products which have a capacity or other performance-related feature which
justifies a higher or-lower standard, taking into account utility to consumers. The new product classes for
compacts, freezers, and partial/manual defrost take this principle into account as do the non-HCFC product
classes.

The agreement also represents a recognition of the difficulty manufacturers have in fully passing through
costs of regulation. The agreed to standards attempt to cushion manufacturers in the event that they are
required to absorb most of the regulatory costs. It is recognized that the five full-line manufacturers also
must absorb the significant costs of multiple NAECA standards in addition to manufacturer estimates of
$ investment and $ /unit to meet these standards.

Finally, the fact that stakeholders have made this recommendation should weigh heavily with DOE, indicating
an consensus on economic justification.

VII. CONCLUSION

These standards will result in significant electricity savings and will eventually reduce the amount of primary
energy use and pollutant emissions by refrigerator/freezers when the current fleet of products has been totally
retired. Attachment 20 describes in more detail the energy savings and related environmental benefits.

D32612.1
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PROPOSED REVISED 10 CFR §430.32(a)

Existing Section 430.32(a) of the DOE energy conservation standards would be revised as
follows.

§430.32 Energy conservation standards and effective dates.

(a) Refrigerators/freezers.

(1) Exclusions . These standards do not apply to refrigerators and refrigerator -freezers with total
refrigerated volume exceeding 39 cubic feet or freezers with total refrigerated volume
exceeding 30 cubic feet.

(2) 1990 and 1993 energy conservation standards . The energy conservation standards for
products manufactured on or after January 1 , 1990 but before January 1 , 1993 , and for
products manufactured on or after January 1, 1993 but before [effective date of standards] are
as follows:

Energy standards equations (Kwh/yr)
Effective dates

Product Class
January 1, 1990 January 1, 1993

1. Refrigerators and Refrigerator-Freezers with manual defrost ( 16.3AV + 316) (13.5AV+299)

2. Refrigerator-Freezer - partial automatic defrost (21.8AV +429) (10.4AV+398)

3. Refrigerator-Freezers - automatic defrost with : Top-
mounted freezer without through-the-door ice service'

(23 .5AV+471) (16.OAV+355)

4. Refrigerator-Freezers - automatic defrost with : Side-
mounted freezer without through-the-door ice service

(27.7AV+ 488) (11.8AV+501)

5. Refrigerator-Freezers -- automatic defrost with : Bottom-
mounted freezer without through-the-door ice service

(27.7AV+ 488) (16 .5AV+367)

6. Refrigerator-Freezers - automatic defrost with : Top-
mounted . freezer with through-the-door -ice service,

(26 .4AV+535) (17.6AV+391)

7'. Refrigerator-Freezers -- automatic defrost with: Side-
mounted freezer with through-the-door ice service

(30.9AV +547) (16.3AV+527)

8. Upright -Freezerswith :-- Manual defrost (10.9AV+422) (10 .3AV+264)

9. Upright Freezers with : Automatic defrost ( 16.OAV+623) (14 .9AV+391)

10. Chest Freezers and all other Freezers ( 14.8AV +223) (11 .OAV + 160)

'Including all refrigerators with automatic defrost
AV = Total adjusted volume, expressed in Ft3 , as determined in Appendices Al and B1 of Subpart B of

this Part.

(3) 1998 Energy Conservation Standards.

1
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(A) The energy conservation standards for products manufactured on or after
, 1998 are as follows subject to the provisions in (B) below:

Product Class
HCFC-Containing

Product
HCFC-Free

Product'

i. Automatic Defrost Refrigerator-Freezers (excludes compact
refrigerator-freezers)

1. Top-mounted freezer without through-the-door ice service 9.80AV+276.0 10.78AV+303.6

2. Top-mounted freezer with through-the-door ice service 10.20AV+356.0 11.22AV+391.6

3. Side-mounted freezer without through-the-door ice service 4.91AV+507.5 5 .40AV+558.3

4. Side-mounted freezer with through-the-door ice service 10.10AV+406.0 11.11AV+446.6

5. Bottom-mounted freezer without through-the-door ice service 4.60AV+459.0 5.06AV+504.9 '

ii. Compact Refrigerator /Freezers (ARAM/FTC volume less than
7.75 cubic feet and less than 36 inches in height)

1. Manual defrost refrigerator-freezer 10.70AV+299.0 11.77AV+328.9

2. Partial automatic defrost refrigerator-freezer 7.OOAV +398.0 7.70AV+437.8

3. Top-mounted freezer automatic defrost refrigerator-freezer 12.70AV+355.0 13.97AV+390.5

4. Side-mounted freezer automatic defrost refrigerator -freezer 7.60AV+501.0 8 .36AV+551.1

5. Bottom-mounted freezer automatic defrost refrigerator-freezer 13 . 10AV+367.0 14.41AV+403.7

6. Upright freezer automatic defrost 11.40AV+391.0 12.54AV+430.1

7. Upright freezer manual defrost 9 .78AV+250.8 10.76AV+275.9

8. Chest freezer manual defrost 10.45AV+ 152.0 11.50AV+167.2

iii. Freezers (excludes compact freezers)

1. Upright automatic defrost 12.43AV+326.1 13.67AV+358.7

2. Upright manual defrost 7.55AV+258.3 8.31AV+284.1

3. Chest freezer manual defrost 9 .88AV+ 143.7 10.87AV+158.1

iv. Manual and defrost refrigerator -freezers (excludes
compact refrigerator/freezers)

1. Manual defrost 8 .82AV+248.4 9 .70AV+273:2

2. Partial automatic defrost 8.82AV +248.4 9.70AV+273.2

'See subsection B(i).
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(A) The energy conservation standards for products manufactured on or after 
______ , 1998 are as follows subject to the provisions in (B) below: 

HCFC-Containing HCFC-Free 
Product Class Product Productl 

i. Automatic Defrost Refrigerator-Freezers (excludes compact 
refrigerator-freezers) 

1. Top-mounted freezer without through-the-door ice service 9 .80A V + 276.0 10.78AV+303.6 

2. Top-mounted freezer with through-the-door ice service 10.20AV +356.0 11.22AV+391.6 

3. Side-mounted freezer without through-tb.e-door ice service 4.91AV+507.5 5.40AV +558.3 

4. Side-mounted freezer with through-the-door ice service 10. lOA V +406.0 11.11A V +446.6 

5. BOttom-mounted freezer without through-the-door ice service 4.60A V +459.0 5.06AV+504.9 ' 

ii. Compact Refrigerator/Freezers (AHAMIFfC volume less than 
7.75 cubic feet and less than 36 inches in height) 

1. Manual defrost refrigerator-freezer 10.70AV+299.0 11.77AV+328.9 

2. Partial automatic defrost refrigerator-freezer 7.00A V + 398.0 7.70AV+437.8 

3. Top-mounted freezer'automatic defrost refrigerator-freezer 12.70A V + 355.0 13.97AV+390.5 

4. Side-mounted freezer automatic defrost refrigerator-freezer 7.60AV +501.0 8.36AV+551.1 

5. Bottom-mounted freezer automatic defrost refrigerator-freezer 13. lOA V +367.0 14.41AV+403.7 

6. Upright freezer automatic defrost 1l.40AV+391.0 12.54AV+430.1 

7. Upright freezer manual defrost 9.78AV+250.8 1O.76AV+275.9 

8. Chest freezer manual defrost 10.45A V + 152.0 1l.50AV+167.2 

iii. Fi'eezers (excludes compact freezers) 

'l~;67;».Mt~ " 

12:43AV+326.1 1. Upright automatic defrost 
7.-"0.;. ,1 : 

2. Upright manual defrost 7.55AV+258.3 8.31AV+284.1 

3. Chest freeZer manual defrost 9.88AV + 143.7 10.87AV+158.1 
,- ,---= =---=-----=- .----::-...........=:.--:-~ .. , iv.-Mmliial and 'partial defrost refrigerator-freezers (exCludes --

compact refrigerator/freezers) 

1. Manual defrost 8.82A V + 248.4 9.70AV.j:.273~2 

2. Partial automatic defrost 1.82AV +248.4 9.70AV+273.2 

1See subsection B(i). 
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(B) Application of HCFC- ree energy conservation standard.

(i) The HCFC-free energy conservation standard applies to products which contain
10% or less by mass hydrochlorofluorocarbon in the blowing agent portion of the
foam insulation.

(ii) The HCFC-free energy conservation standard applies to products described in
subsection (i) above which are:

a. manufactured on or after July 1, 2001; or

b. manufactured on or after the date 18 months prior to any rule promulgated by
the United States Environmental Protection Agency which revises the
December 31, 2002 phaseout date for the use of HCFC-141b in
refrigerator/freezers; or

c. manufactured on or after the date on which , after notice and an opportunity
for public comment , the Department shall grant a petition by any party for a
change in the effective date if the petition demonstrates that continued use of

14 HCFC-141b has or will by a certain date become infeasible due to
government, supplier or other actions relative to supply, availability or cost
(including federal or state taxes).

(iii) Effective [effective date of standards ] and prior to the effective dates set in
subsection (ii) above, each manufacturer may annually manufacture product
eligible under subsection (i) subject to the non-HCFC energy conservation
standards in quantities of up to 5% of its total annual production for that year or
10,000 units , whichever is less.

(iv) Manufacturers manufacturing products under the subsection (iii) shall report this
production by serial number to the Department annually as an addendum to the
annual report or within 30 days thereafter . Such manufacturers shall maintain
sufficient records so as to be able to verify their compliance with the production
limits under this subsection.

(v) The HCFC-free energy conservation standard shall terminate [six years from basic
thisd or rev e estandards effective date ] unless the Department determines to exten

standard following the procedures and criteria under Section 327 of the Act 'after
public notice and-the-opportunity for comment.

D327Si. I
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(B) Application of HCFC-jree energy conservation standard. 

Attachment 1 
3/3 

(i) The HCFC-free energy conservation standard applies to products which contain 
10% or less by mass hydrochlorotluorocarbon in the blowing agent portion of the 
foam insulation. 

(ii) The HCFC-free energy conservation standard applies to products described in 
subsection (i) above which are: 

a. manufactured on or after July 1, 2001; or 

b. manufactured on or after the date 18 months prior to any rule promulgated by 
the United States Environmental Protection Agency which revises the 
December 31, 2002 phaseout date for the use of HCFC-141b in 
refrigerator/freezers; or 

c. manufactured on or after the date on which, after notice and an opportunity 
for public comment, the Department shall grant a petition by any party for a 
change in the effective date if the petition demonstrates that continued use of 
HCFC-141b has or will by a certain date become infeasible due to 
government, supplier or other actions relative to supply, availability or cost 
(including federal or state taxes). 

(iii) Effective [effective date of standards] and prior to the effective dates set in 
subsection (ii) above, each manufacturer may annually manufacture product 
eligible under subsection (i) subject to the non-HCFC energy conservation 
standards in quantities of up to 5 % of its total annual production for that year or 
10,000 units, whichever is less. 

(iv) Manufacturers manufacturing products under the subsection (iii) shall report this 
production by serial number to the Department annually as an addendum to the 
annual report or within 30 days thereafter. Such manufacturers shall maintain' 
sufficient records so as to be able to verify their compliance with the production 
limits under this subsection. ,,", . .-,,;;i<,""'F-

- " " ':~'"" ,,:\c~Bi~~~ 
(v) The HCFC-free energy conservation standard shall terminate [six years from tiasic" ' ."" w 

standards effective date] unless the Department determines to extend or revise the 
standard following the procedures and criteria under Section 327 of the Act -after 

, ". public notice and.the.opportunity for @IIlIllent. 
------------- -- - ~ ------- - ------.--~ -,'---=--
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Lire Cycle Costs and Payback Periods of Top-Mount Auto Def-ost Itefriger to tor-Freezer (no 171) features)
ERA Simulation : Draft Version

U)

1 evel Option
Manufr

Cost
Incr. Mfr

Cost
Retail
Price

Annual Annual
Energy Use Energy Cost

Cumulative
Payback

,ileeycle Costa,
(1992$)

Cumulative CCE
(ccntsAWh)

(1992$) (1992$) (1992$) (kWh) (1992$) ( ears) 4% 6% 10% 4% 6% 1070

0 Baseline 3267.98 $616.35 664.30 $58 NA $ 1,384.14 $1,268.64 $1,105.35 NA NA NA
1 0+5.41 EER compressor $270.48 $2.50 $622.10 620.50 $55 1.49 $1,339.21 $1,231.38 $1,078.86 1.00 1.18 1.51
2 I + 5.80EER compressor $274.48 $4.00 $631.30 581.65 $52 2.22 $1,310.50 $1,208 .32 31,063 .88 1.49 1.75 2.33
3 2 + deer cond motor power 078.98 $4 .50 $641.65 562.10 $49 2.81 $1,291.32 $1,193.58 31,055.42 1.88 2.22 2.96
4 3 + deer evap motor power $285.48 $6 .50 $656.60 529.25 $47 3.39 $1,268.30 $1,176.28 $1,016.19 2.21 2.67 3.56

5 4 + 1/2" insulation to doors $289.20 $3.72 $665.15 511.00 $45 3.62 $1,255.76 $1,166.91 $1,041.31 2.42 2.85 3.81
6 5 + 1R" insulation to walls $301.09 $11 .89 $692.51 470.85 $41 4.47 $1,236.71 $ 1,154.85 31,039.11 3.00 3.53 4.71
7 6 + reduce gasket leak 7% $304.10 $3.01 $699.43 459.90 $40 4.62 $1,230.98 $1,151.02 $ 1,037.97 3 .09 3.64 4.86
8 7 + 1" insulation to doors $307.23 $3.13 $106.64 448 .95 $40 4.76 - $1,225.53 $1,141.47 $1,031.11 3.19 3.76 5.01
9 8 + I" insulation to walls $316 .27 $9.03 $727.41 423.40 . 337 5.24 $1,216.77 $1,143.15 $1039.08 3.51 4 .13 5.51
10 9 + increase evaporator area $319 .62 $3.35 $735.12 416.10 $31 5.44 $1,216 .04 $1,143 .70 $1,041.42 3.64 4.29 5.72
11 10+incrcondenser area $322.98 $3.36 $142.86 408.80 $36 5.63 $1,215.34 $1,144.27 31,043.78 3.77 4.44 5.92
12 I1+adaptivedefrost $330.15 $7.11 $759.34 397. 85 $35 6 .10 $1,219.11 $1,150.00 31,052.21 4.09 4.81 6.42
13 12 + fluid control valve $340.09 $9.94 $782.21 383.25 $34 6.71 $1,225.16 $1,158.52 $1,064.32 4.49 5.29 7.05
14 13 + 6.0 EER linear compressor $349.59 $9.50 $804.06 372.68 $33 7.31 $1,234.79 $1,170.00 $1,078.39 4.90 5.77 7.69
15 14 + voltage controller $374.91 $25.32 $862.29 356.65 $31 9.08 $1,274.50 $1,212.49 $1,124.83 6.09 7.16 9.56
16 15 + improved expansion valve $446.29 $71.38 $1026.47 341.65 $30 14.44 $1,421 .35 $1,361.91 31,277.97 9.68 11.39 15.20

17 4 + reduce gasket leak 7% 3 288.49 $3 .01 $663. 52 518 .30 $46 3.61 $1,262.51 $1,172.45 $1,045.05 2.46 2.90 3.86
I8 14 + fluid control valve $298.43 $9.94 $686.39 496.40 $44 4.74 $1,260.11 $1,173.81 $0351.79 3.18 3.14 4.99
19 IS + increase evaporator area $301.78 $3.35 $694.09 489.10 $43 5.04 $1,259.39 $1,114.35 $1,054.13 3.38 3.98 5.30
20 16 + increase condenser area $305.14 $3.36 $701 .83 481 .80 $42 5.32 $1,258.69 $1,114.92 $1,056.49 3.51 4.20 5.60
21 11 + adaptive defrost $312.31 $7.11 $118.32 461.20 $41 5.88 $1,258 .30 $1,171.07 $1,662.23 3.94 4.64 6.18
22 18 + vacuum panels on W&I) $359.06 $46.75 $ 825.84 383 .25 $34 8.47 $1,268 .80 $1,202 .16 $1,101.96 5.68 6.68 8.91
23 19 + 6.0 EER linear compressor $368.56 $9.50 $847.69 312 .68 $33 9.01 $1,218.43 31,213 .63 $1,122.03 6.04 7.11 9.48
24 20 + voltage controller $393.88 $25.32 $905.93 356.65 $31 10.70 $1,318.14 $1,256.13 $1,168.46 7.17 8.44 11.25
25 21 + improved ex pansion valve $465.21 $11.38 $1070.11 341.65 $30 15.98 $1,464.98 $1,405.58 $1,321.60 10.71 12.60 16.81

Assumptions:
( I) Energy consumptions for the baseline and for cads design option were obtained from an ERA simulation of an actual 18.0 cubic foot refrigerator.
(2) Manufacturer cost of the baseline unit was interpolated from the AIIAM manufacturer cost vs kWh curve for this product class.

Using a linear interpolation between the two closest points on the AIIAM curve to the ERA baseline consumption of 664 .3 kWh. the ERA baseline cost is $616.35.
(3) Electricity cost =0 .088 $/kWh (average cost in 1998 obtained from an Interpolation of the 1995 and 2000 prices of electricity forecast , in DOE'-'a Annual Energy

Outlook 1993, inflated to 1992 dollars). Tine Interpolated value (for 1998) is 0.082 3/kWh (1991$). After adjusting for inflation from 1991 to 1992, it becomes 0.085 $/kWh.
The electricity price was then adjusted by an endure factor for refrigerators of 1.04.

(4) Installation and maintenance costs are not included in the above calculations.
(5) Lifetime =19 years
(6) Markup factor= 2.3. This represents the average of markup factors for this product class in the 1989 TSU.
(7) Baseline: Compressor EER 4.98; Evaporator fan motor power = 9.1 W; Condenser fan motor power = 12W.

Insulation thicknesses : freezes door and sides are 1.50" and 2 . 15", fresh food door and sides are 1.50" and 1.70". roam resistivity is 0.58 m2 -degC/W-cm.
Evaporator and condenser areas : 2.22 sq .m and 0.64 sq . m, respectively.

(8) Level 22 assumes that 50910 of total wall and door surface areas covered by 1" thick vacuum panels . The delta cost (compared to foam insulation ) assumes a variable cost of
$1.20 per board foot , which includes materials , installation labor and shipping . A depreciated investment cost of $10/unit was also Assumed. Both costs are derived from
Waldron, 3.M., "Vacuum Panel and 21hick Wall Foam Insulation for Refrigerators: Cost Estimates for Manufacturing and Installation',
prepared for US EPA Global Change Division, EPA Project No. X818749-01-0, October 1992.

This represents the armulative engineering payback period
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Life Cycle Costs and Payback Periods orTop·Mounl Aulo Ddrost nerrlgerIlIClr ... ·reezer (~o 19 m reatures) 
ERA Simulation: Drall Version 

Manur, Incr. Mrr Retail Annual AMuII Cumulative l.irecycle Colli: Cumulalive cel! 
Oplion Cost COlt Price EilerS)' Use Energy Cost Payback (I 992S) 

, 
(cenu/kWh) , 

(I992$) (1992$) (1992$) (kWh) (1992.$) (years) 4'70 6'70 10'10 

O .. eJinc $267.98 . $616.35 664.30 $SB NA Sl,384.14 SI,268.64 SI,IOS.35 
o t 5.41 EER comprcllor $270.48 S2.50 S621 10 620.50 S5S 1.49 SI,339.27 SI,231.38 $1,078.86 
I • 5.80 EER compreuor $274.48 $4.00 S631.30 581.65 $52 2.22 $1,310.50 SI,208.32 SI,06188 
2 t decr cond motor power $278.98 SOO S641.65 562.10 $49 2.81 SI,291.32 SI,193.58 SI,OSS.42 
} t deer eVlp motor power S285.48 $6.50 S656.60 529.25 $47 3.39 SI,268.30 SI,176.28 $I,m6.19 

4 t In" iruulalion 10 doou S289.20 S3.12 S665.1S 51 J.(~ $45 3.62 SI,25S.16 SI.166.91 $1.1W1.31 
5 t 1/2" lruul.tion 10 wall. $301.09 SI1.89 $69251 470.85 SH 4.47 SI.236.11 SI.IS4.8S $1.039.11 
6 t reduce lukct leak 7'To $304.10 S3.01 $699.43 459.90 $40 4.62 $1,230.98 $1.151.02 $1,017.91 
7 t I" inlulation to doors $307.23 n.1l S706.64 448.95 sm 4.16. SI,22B) SI.I41.41 SI.017.11 
8 t I" insulation 10 walll S3I6.27 S9.0] S727.41 423.40 $17 H4 SI.216.71 $1.141.15 SI.019.08 
9 t increase evaporalor area $319.62 S3.35 $7]s'12 416.10 $37 5.44 $1.216.04 $1.141.70 SI.041.42 
JO t Incr conderuer afCII $322.98 $1.36 $742.86 40880 $36 s'61 $1.215.]4 SI.144,21 $1.OH78 
II t adaptive defrosl $330.15 $7.17 $759.34 397.85 $35 6.10 $1.219.17 SI.1S0.00 SI.052.21 
12 t fluid conuol v.lve S340.09 S9.94 $182.21 381.25 S34 6.11 $1.225.16 SI.158.52 SI.064.32 
13 t 6.0 EER IIncar comprcllor S349.59 S9.50 S804.06 372.68 $13 7.31 51.214.19 $1.170.00 SI,018.39 
14 t vohagc oontrollcr $374.91 S25.32 S862.29 356.65 S31 9.08 SI,214.50 $1.212.49 SI.124.83 
IS .. Improved expansion valve S446.29 $71.38 51026.47 341.65 S30 14.44 51,421.35 SI.361.9~ SI,277.97 

4 t reduce ,uket luk 71fo S288.49 $3.01 5663.52 518.30 S46 3.67 SI,262.51 SI.I12.45 SI,IwS.OS 
14 t nuid oonuol valve $298.43 $9.94 $686.39 496.40 $44 4.14 $1,260.12 SI.I73.BI $1,051.19 
15 t IncfCIIlc evaporator afCII S301.78 $3.35 S694.09 489.10 SH 5.04 SI,259.39 SI.174.35 SI.054.13 
16 t IncfCII se oondenser &lea S305.14 $3.36 $101.83 m.80 S42 5.32 51.258.69 $1.174.92 $1.056.49 
11 t .dapuve ddrosl $312.31 S7.17 $7IB.32 467.20 S4I HI SI,258.30 SI.I77.07 S"<l62.23 
18 t vacuum panels on W&D $359.06 S46.75 S82lB4 38J.2S $34 8.41 $ 1.268.80 $1.202.16 SI.107.96 
19 t 6.0 EER linear compressor $368.56 S9.50 $841.69 372.6B $]) 9.01 $1.278.43 $1.213.63 SI,122.0] 
20 t voltagc controller $393.88 S25.32 S90S,93 356.65 $31 10.70 SI.318.14 $1.256.11 $1.168.46 
21 t improved C1llanslon valvc $46l27 S7I.38 S1010.11 341.65 $30 15.98 $1.464.98 $1.405.58 SI.321.60 
AlJumplronl: 
(I) [:.nerl)' oonsumplion. for Ihc baselinc and for udl duien option werc obtained rrom an I!RA .imulalion of an Ictual 18.0 cubic rool rer rigerator. 
(2) Manufacturer cost of thc basclinc unil WI. inlcrpollted from the AllAM manubclurcr cos I v.ItWh curve for this product cll ... 

4'70 

NA 
1.00 
1.49 
1.88 
2.27 

2.42 
3.00 
3.09 
).19 
3.51 
3.64 
3.71 
4.09 
4.49 
4.90 
6.09 
9.68 

2.46 
3.18 
3.38 
3.57 
3.94 
5.68 
6.04 
7.17 
10.71 

Using a linear interpolation betwccn the two closul poinu on the AllAM curvc 10 Ihe ERA baselinc consumption of 664.3 ItWJI. Ihe EUA basel inc cos, is $616.3S. 
(3) Electricity cost = 0.088 SJ1c Wb (average cosl in 1998 ob .. incd hom an Intcrpol.tion or the 1995 and 2000 prices or electricily (orecasl in DOli'. Annual Enern 

6'70 

NA 
1.18 
\.15 
2.22 
2.67 

2.BS 
3.53 
).64 
3.76 
4.13 
4.29 
4.44 
UI 
5.29 
5.17 
7.16 
11.39 

2.90 
3.74 
3.98 
4.20 
4.64 
6.68 
1.11 
8.44 
12.60 

Outlook 1993. inflated 10 1992 doll.,I). nle hllerpolllcd value (for 1998) is 0.082 SlkWJI (l99IS). Arler adjusling ror innation from 199110 1992, it hecomu 0.085 SlkWh. 
The elettricilY price wu thll1ldjuslcd by III endusc factor Cor refrlgcratoll or 1.04. 

(4) Innallatlon and mainlenancc OOSIS Ire not Included in thc abovc calculations. 
(S) Urclimc =19 ycan. 
(6) Mllkup bctor:: 2.3. nli. reprcscnu thc nelilc of markup belon for Ihfj plt)(luct cia .. in the 1989 ISO. 
(7) Bueline: ComprellOr EER = 4.98; Evaporalor fan motor powcr = 9.1 W; Condenler fan molor power = 12W. 

lruul.llon tllicmelStl: frccZCl door IIId tldea &Ie I.SO· and 2.1S". rresh rood door IIId aide. are 1.50" Ind 1.10". Foam resistivity il 0.58 m2-degC/W.cm. 
Evaporator and OOndll1ltr 1rc.I1: 2.22 sq.m IIId 0.64 Iq.m. respectively. 

(8) Level 22 assume. thll 50% of Iolal wallllld door lurface area :1 covered by I" thid vacuum panels. n.c deha COli (comparcd 10 roam insulalion) assumes a variable OIlS! of 
S 1.10 per board foot. which includel mllcrial •• insuUluon Ilbor and Ihippina. A deprecllteJ invcstmenl coS! or S IO/U"it was also IUluncd. Dolh cosu Ire dcriveJ rrom 
Waldron. J.M-. "Vacuum Plncland :j1Jick W.II Foam Insulation ror Refrigerators: Cost ESlimate. ror Manuracluring Ind Inslall.tion". 
prepared ror US EPA Global Otancc DiviaiOll, EPA Project No. X818749-01·0. October 1992. 

• lhi. repre.enU Ihe c"mul.llve enllinrerin, pay".ck period 

10'1 .. 

NA 
1.57 
2.33 , 
2.96 
3.56 . 

3.81 
4.71 
4.86 
5.01 
S.H 
s'72 
5.92 
6.42 
7.05 
7.69 
9.56 
15.20 

3.86 
4.99 
SJO 
5.60 
6.18 
8.91 
9.48 
11.25 
16.81 
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l.lfe Cycle Costs and Payback Periods of Slde-by-Side Refrigerator -Freezer (with I'M features)
ERA Simulation : Draft Version i

Level Option
Manufr

Cost
cr. Mfr
Cost

Retail
Price

Annu Annual
Energy Use Energy Cost

Cumu auvc
Payback*

fecycic Costs
1992$

Cumulative CCE
centsikWh

19925 19925) (1992$) (kWh) 19925 (years) 4% 6% 10% 4% 6% 10%

0 Baseline $597.31 - $1373.81 801.04 $70 NA $2,298.80 $2,159.65 $1,962.93 NA NA NA
1 0 + 5.56 EER comprepor $599 . 81 $2.50 $1379 .56 751 . 63 $67 1.51 $2,254 . 43 $2,122 .82 $1,936 .76 1.01 1.19 1.582 1 + incr evaporator area $601.94 $2. 13 $1384 .47 741.85 $65 2.05 $2,241 . 11 32,112.24 $1,930.06 1 .37 1.61 2.15
3 2 + dea cond motor power $606.44 $4 .50 $1394 .82 714 . 23 $63 2 . 75 $2,219 .56 $2.095.49 $ 1,920.09 1.84 2.17 2.89
4 3 + 5.80 EER compressor $610.44 $4 .00 $ 1404.02 690. 55 $61 3 . 11 $2,201 .42 $2,081.47 $1,911.88 2 .08 2.45 3.27
5 4 + incr condenser area $613.18 $2. 74 $1410.32 674 .77 $59 3 .29 $2,189 . 50 $2,072 .28 $1,906 . 57 2.20 2.59 3.46

6 5 + I" insulation to doors $620.32 $7.14 $1426 .74 639 . 25 $56 3 .72 $2,164 .90 32,053.85 $1,896 . 87 2.49 2.93 3.91
7 6 + dea heat load for TTD $623 . 19 $2.87 $1433 .34 623 . 47 $55 3 .81 $2,153 .28 $2,044.97 $1,891 .86 2.55 3.00 4.01
8 7 + 1" insulation to walls $650.02 $26.83 $1493.05 540. 60 $48 5 .29 $2,119 .30 $2,025 .39 $1,892 .63 3.54 4.17 5.56
9 8 + deer evap motor power $656 .52 $6.50 $ 1510.00 520.87 $ 46 5.53 3 2,111.46 $2,020.98 $1,893.07 3.70 4.36 5.81
10 9 + deer gasket loss 14% $663 .62 $1.10 $1526.33 505.09 $ 44 5.86 $ 2.109.57 $ 2,021.83 $ 1,897.80 3 .92 4.62 6.16
11 10 + adaptive defrost $668.08 $4.46 $1536.59 491.20 $44 6.09 $2,110.72 $2,024.35 $1,902.25 4.08 4.80 6.40
12 11 + 6.0 EER linear compressor $677.58 $9.50 $1558 . 44 481 . 41 $42 6 . 51 $2,114 . 35 $2,030.72 $1,912.50 4.40 5.18 6.91
13 12 + voltage controller $690.63 $ 13.05 $1588 . 46 460 . 71 $41 7.17 $2,120.45 $ 2,040.42 $ 1,927.28 4.80 5.65 7.54
14 13 + fluid control valve $700.90 $ 10.21 $1612 .08 449 . 84 $40 7 .72 $2,131 .53 $2,053 .38 $1,942.91 5.17 6.08 8.11
15 14 + improved expansion valve $772 .07 $11.17 $ 1775.71 433.63 $38 12.44 $2,276 .50 $2,201.17 $2,094.68 8.33 9.80 13.08

16 5 + dea heat load for TTD $616.05 $2.87 $1416 .92 662 .93 $58 3 . 55 $2 , 182.43 $2,067 .27 $ 1,904.47 2.38 2.80 3.73
17 16 + deer evap motor power $622.55 $6.50 $1431.87 639.25 $56 4.08 $2,170.04 $2,058.99 $ 1,902.01 2.73 3.22 4.29
18 17 + adaptive defrost $627.02 $4.46 $1442.14 627.41 $55 4.48 $2,166.63 $2,057.64 $1,903.56 3.00 3.53 4.70

-19 18 + deer gasket loss 14% $634 . 12 $7.10 $1458 . 47 611.63 $ 54 5.08 $2,164.74 $2,058.49 $1,908.29 3.40 4.01 5.34
20 19 + vacuum panels in W & D $685.44 $51.32 $1576.51 501.14 $44 7.69 $2,155.19 $2,068.14 $1,945.07 5.15 6.06 8.08
21 20 + voltage controller $698 . 49 $13 . 05 $1606 . 52 479.60 $42 8.23 $2 , 160.33 $ 2,077.01 $1,959.24 5.51 6.49 8.65
22 21 + fluid control valve $708 .76 $10.27 $ 1630.14 465.63 $ 41 8.69 $2,167.82 $2,086.93 $1,972 . 58 5.82 6.85 9.14
23 22 + 6.0 EER linear compressor $718.26 $9.50 $1651.99 452.78 $40 9.09 $2,174.84 32,096 .18 $1,984 .99 6.08 7.16 9.55
24 23 + improved expansion valve $789.43 $71.17 $1815.69 436.57 $ 38 13.79 $2,319.81 $2,243.97 $2,136.76 9.23 10.87 14.49

Assumptions:

(I) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an actual 22 .0 cubic foot refrigerator . A correction factor of 1.081 was
applied to the ERA values in order to account for the difference between the simulated and the actual baseline usage.

(2) Manufacturer cost of the baseline unit was interpolated from the AIIAM manufacturer cost vs kWh curve for this product class.
Using a linear interpolation between the two closest points on the Al IAM curve to the ERA baseline consumption of 801.04 kWh, the ERA baseline cost is $597.31.

(3) Electricity cost = 0.088 SIkWh (average cost in 1998 obtained from an Interpolation of the 1995 and 2000 prices of electricity forecast in DOC'i Annual Energy
Outlook 1993 , inflated to 1992 dollars ). The interpolated value (for 1998) is 0.082 S/kWh ( 1991$). After adjusting for inflation from 1991 to 1992; it becomes 0.085 $/kWh.
The electricity price was then adjusted by in endure factor for refrigerators of 1.04.

(4) Installation and maintenance costs are not included In the above calculations.
(5) Lifetime = 19 years.
(6) Markup factor= 2.3. This represents the average of markup factors for . this product class in the 1989 TSD.
(T) Baseline : Compressor EER = 5 . 18; Evaporator fan motor power = 8.0W; Condenser fan motor power 11.6W.

Insulation thicknesses: freezer door and sides are 1.50" and 2.30", fresh food door and sides are 1.50" and 2 .02". roam resistivity Is 0 . 53 m2 -degC/W-an.
Evaporator and condenser areas : 1.55 sq.m and 0.84 sq .m, respectively.

(8) Vacuum panel option assumes that 50% of total wall and door surface area is covered by I" thick vacuum panels . The delta cost (compared to foam insulation ) assumes a variable co
$1.20 per board foot, which includes materials . Installation labor and shipping . A depreciated investment cost of $10/trait was also assumed. Both costs are derived from
Waldron. J . M., "Vacuum Panel and Thick Wall Foam Insulation for Refrigerators : Cori Estimates for Manufacturing and Installation",
prepared for US EPA Global Change Division, EPA Project No. X818749-01-0, October 1992.

• This represents the cumulative engineering payback period.
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Level 

0 
1 
2 
3 
4 
S 

6 
1 
8 
9 
10 
II 
12 
IJ 
14 
IS 

16 
17 
18 
19 
20 
21 
22 
2J 
24 

, \ I 
Ure Cycle Costs and Payback Periods or Slde-by-Slde Refrigerator-Freezer (with 1TD reatutts) 
ERA SlmulaUon: Dran Version i 

Manufr Ina. Mer Retail Annual Annual CwnulaUYc Ufec:ycle CoSII Cumulative CCE 
Option Con CoSI Price Encr,y Usc Encr,y Coli Payback· (1992$) (ccntsIltWh) 

(1991$) (1991$) _{199211 (kWh) (1991$) (ytar~ 4~ ,,,. 10% 4~ 6~ 10% 

Bl~line SS97.31 - $1373.81 SOI.1M S70 NA $2.298.80 n,1S9.6S SI,962.93 NA NA NA 
o t S.S6 EER compre_,or S599.81 S2.50 SI]79.S6 7S1.6] S61 1.51 $2,254.43 Sl,122.82 SI,936.76 1.01 1.19 !.S8 
I t Incr ev.porator area $601.94 Sil] SI384.41 741.85 S6S 2.05 $2,241.11 $2,112.24 SI,930.06 1.31 1.61 2.1S 
2 t deer cond motor power $606.44 S4.S0 SI39U2 714.23 S6] 2.15 S2,219.S6 $2,09S.49 SI,920.09 1.84 2.17 2.89 
3 t 5.80 EER compreuor $610.44 $4.00 SI404.02 690.SS S61 3.11 S2,201.42 $2,081.41 $1,911.88 2.08 2.45 3.21 
4 t incr condenser area $613.18 $174 SI4I0.32 674.71 S59 3.29 S2,189.S0 S2,072.28 SI,906.57 2.20 2.59 3.46 

S t '" insulation 10 doon $620.32 S1.14 S 1426.14 639.25 SS6 112 $2,164.90 Sl,OSlU SI,896.87 2.49 2.9] 3.91 
6 t deer htJll load for TfD $623.19 $2.81 SIUll4 623.41 SSS 3.81 S2,153.28 $2,044.91 SI,891.86 2.55 3.00 4.01 
1 t t· insulation to waUs $650.02 S26.83 SH9S.0S 540.60 S48 5.29 $2,119.30 $2,025.]9 SI,892.6] ].54 4.17 5.56 
8 t decr evep motor power $656.52 S6.50 SI5IO.OO 520.81 S46 5.5] S2,11I.46 Sl,020.98 SI,893.01 ].70 4.36 5.81 
9 t decr sasitetlOIJ 14% $663.62 S7.IO SI526.33 505.09 S44 5.86 S2.I09.S7 $1,021.83 SI,897.80 3.92 ".62 6.16 
10 t ldapive defrost $668.08 $4.46 S1S36.59 491.20 S44 6.09 $1,110.12 $1,024.35 SI,902.25 4.08 UO 6.40 
II t 6.0 EER linear compressor $6n.58 S9.50 SlSSa.44 481.41 S42 6.51 S2,II4.3S $1,030.72 SI,912.50 4.40 !UB 6.91 
12 t voilige controller $690.63 SI3.05 S1S88,46 460.71 S41 1.11 S2,120.4S $2,610.42 SI,921.28 4.80 5.65 1.54 
I J t nuid control Yalve S100.90 S10.27 SI6I2.08 449.84 S40 1.72 S2,1lI.n $2,05],)8 SI,942.91 5.17 6.08 B.II 
14 t improved expansion valve S112.01 S1\.17 SI775.11 433.63 S38 12.44 $2,276.50 Sl,201.11 S2,094.68 8.l3 9.80 n.08 

I 

5 + deer heltlo.d for lTD S616.05 $2.87 SI4I6.92 662.93 S58 ].55 S2,182.43 $2,067.27 SI,904.47 ' 2.38 2.80 3.n 
16 t decr evap motor power $622.55 S6.50 Slm.B1 639.25 SS6 4.08 $2,110.04 S2,058.99 $1,902.01 2.73 3.22 4.29 
\1 t adaptive derrost $621.02 S4.46 SI442.14 621.41 S55 4.48 $2,166.63 S2,051.64 SI,903.56 3.00 3.S3 4.10 
18 + decr guhlloSl 14% $634.12 S7.IO S1458.47 61\.63 sse 5.0B $2,164.14 $2,058.49 SI,908.29 3.40 4.01 5.34 
19 t vacuum panels in W 8t 0 $685.44 SSI.32 S1576.51 50\.14 S44 1.69 52,155.19 $2,068.14 SI,945.07 5.15 6.06 8.08 
20 t voillge controller S698.49 SIlOS SI606.51 479.60 S42 8.23 $2,160.33 $2,ffl1.01 SI,959.24 5.SI 6.49 8.65 
21 t nuid control valve S708.76 S10.27 S1630.14 465.63 S41 8.69 S2,167.82 S2,086.93 SI,912.S8 5.82 6.85 9.14 
22 t 6.0 EER linear compressor S118.26 S9.50 SI651.99 452.78 S40 9.09 $2,114.84 $2,1196.J a SI,984.99 6.011 1.16 9.55 
2J t improved expansion valve S189.43 S11.17 S181S.69 436.51 S38 1l.19 $2,319.81 S2,243.91 S2,1l6.16 9.23 10.81 14.49 

Anumptions: 
(I) EnerIY consumptions ror the baseline and for each design option were obcained from In ERA simulation of an Iclual 22.0 cubic foot refrigerator. A corredion factor of 1.08 I was 

applied 10 lhe ERA values in order to acrount for tile dirrerence between the simulated and the actual baseline uSlge. 
(2) Manuraclurer cost of the baseline unit wu interpolated from the AllAM manuradurer cosl VI kWh curve for Ihis product clau, 

Usins a linear interpolation between the two closest poinls on the AllAM curve to the ERA ba~line consumption of 801.04 kWh, tile ERA baseline coslis $591.31. 
(3) Electricity cost = 0.088 S/ltWh (lverage cosl in 1998 obtained from an inlerpolation of the 1995 and 2000 prices of eleclricity rorecast in OOln Annual Energy 

Outlook 1993, In/lated to 1992 dollal1). The Interpolated value (for 1998) is 0.082 S/ltWh (199IS). After adjusting for innation (rom 1991 to f992~ it becomes 0.08S S/ltWh. 
The electricity price wu then adjusted by An endusc hctor (or refrigeratoll or 1.04. 

(4) InstaU.tion and maintenance COlli are nol Included In the above ulculations. 
(S) lifetime =19 YUII. 

(6) Markup factor- 2.3. Thl. represcnU the avense of markup radOIl forlhi. prOdUd clln In the 1989 TSO. 
(7) Baseline: Compressor EER = 5.18; Bv.porator ran molor power:: 8.0W; Condenser fan molOr power = I I .6W. 

100ul.tion thleme.sc.: freezcr door and .i~ •• re J.5D" and 2.30·, fresh food door .nd .Ides are !.SO· and 2.02". Foam resistivity II 0.53 m2-degCIW-cm. 
Evaporator and condenler areal: I.S5 .q.m and 0.84 sq.m, respectively. 

(8) Vacuum panel ortion assumes thll SO~ of lotal wall and door .urfaee area is covered by I" thick vacuum panel •. TIle delta cosl (compared to foam insulation) assumes. variable co 
S 1.20 per board foot. which includes materials, installation labor and. shipping. A depreciated Investment cost of $1 O/IUlit wu .Iso assumw. Uolh costs are derived from 
Waldron, J.M., "Vacuum Pant! and lbick Wan Poam Insulation ror Refrigerators: Coli Esrimate. for Manufacturing and Installation", 
p<cp<lred for US EPA Glob.1 Gange Oivhion, EPA Projed No. X818149-01-0, Oclober 1991 

• l1lil represcntJ the cumulative engineerinl payback period. 

7/28193 

jposton
Rectangle

jposton
Rectangle



Life Cycle Costs and Payback Periods ota.?they-Side Refrigerator -Freezer (without TTD features)
ERA Simulation: Draft Version

U)
co

Level Option
Manufr

Cost
Incr. Mfr

Cost
Retail
Price

Annual Annual
Energy Use Energy Cost

Cumulative
Payback

lifecycle Costs
(1992$)

Cumulative CCE
(cents/kWh)

(1992$) (1992$) (1992$) (kWh) (1992$) (years) 4% 6% 10% 4% 6% 10%

0 Baseline $396.00 $910.80 753 .41 $66 NA $1,780.79 $1 ,649.91 $ 1,464.89 NA NA NA
I 0 + 5.56 EER compressor $398.50 $2.50 $916 . 55 705.68 $62 1 .37 $1,731 .43 $1,608.84 $1,435 . 54 0.92 1.08 1.44
2 1 + 5.80 EER compressor $402.50 $4.00 $925 .75 678 .41 $60 2.27 $1,709.14 $1,591.29 $ 1,424.68 1 .52 1.79 2.38
3 2 + deer evap motor power $409.00 $6.50 $940.70 640.91 $56 3 .02 $1,680.78 $1,569.45 $1,412 .05 2.02 2 .38 3.18
4 3+deer condenser mtrpower $413.50 $4.50 $951 . 05 620.46 $55 3 .44 $1,667 .51 $1,559 .73 $1,407.36 2.30 2 . 71 3.62
5 4 + adaptive defrost $419.22 $5.72 $964 .21 600.00 $53 3 .96 $1,657.05 $1,552 .82 $1,405 .47 2.65 3.12 4.16
6 5 + enhanced evap ht surface $421.65 $2.43 $969 . 80 593 . 18 $52 4 . 19 $1,654 .77 $1,551 .72 $1,406 .05 2.80 3.30 4.40

7 6 + add I" insulation to walls $464.95 $43.30 $ 1069.39 490 .91 $43 . 6.87 $1,636 .26 $1,550.98 $1,430 .42 4.60 5 .41 7.22
8 7 + add I" insulation to doors $475 .91 $10.96 $ 1094.59 467 .05 $41 7.30 $1,633.91 $1,552 .78 $1,438 .08 4.89 5.75 7.67
9 8 + reduce defrost heat $480.02 $4.11 $1104.05 460.23 $40 7.50 $ 1,635.49 $1,555.54 $1,442.52 5.02 5 .91 7.88
10 9 + fluid control valve $491.22 $ 11.20 $1129 . 81 443.18 $39 8 .03 $1,641 .57 $1,564 .58 $1,455 .74 5.38 6.33 8.44
11 10 + 6.0 EER linear compressor $500.72 $9.50 $1151 .66 429 .55 $38 8 .46 $1,647 .67 $1,573 .05 $1,467 .56 5.66 6 .67 8.89
12 11 + reduce gasket leak 6 .6% $509 .26 $8.54 $ 1171.30 419 .32 $37 8.87 $1,655 .50 $1,582 .66 $1,479.68 5.94 6.99 9.32
13 12 + enhanced cond ht surface $513.00 $3.74 $1179 .90 415 .91 $37 9 .07 $1,660 . 17 $1,587.92 $1,485.78 6.07 7 . 15 9.53
14 13 + voltage controller $539.13 $26.13 $1240 .00 398 .02 $35 10.54 $1,699 .61 $1,630.47 $1,532.72 7.05 8 .30 11.07
15 14 + improved expansion valve $614.87 $75.74 $ 1414.20 384.01 $34 15.50 $ 1,857.64 $1,790.93 $ 1,696.62 10.38 12.21 16.29

16 6 + fluid control volve $432.85 $11.20 $995 . 56 572 .73 $50 5 .34 $1,656 .91 $1,557.41 $1,416.76 3 .57 4.20 5.61
17 16 + reduce defrost heat $436.96 $4.11 $1005 .01 562 .50 $49 5 .61 $1,654 .55 $1,556 .83 $1,418 .70 3.76 4.42 5.90
18 17 + enhanced cond ht surface $440.70 $3.74 $1013 . 61 555 .68 $49 5.91 $1,655 .28 $1,558.75 $1,422 .28 3.96 4 .66 6.22
19 18 + 6.0 EER linear compressor $450.20 $9.50 $1035 .46 538 .64 $47 6 .60 $1,657 .44 $1,563 .88 $1,431 .60 4.42 5.20 6.94
20 19 + vacuum panels in W & D $501.75 $51.55 $1154 .03 453 .41 $40 9 .22 $1,677.59 $1,598 .83 $1,487 .48 6.17 7.27 9.69
21 20 + reduce gasket leak 6.6% $510.29 $8.54 $1173 .67 443 . 18 $39 9 .64 $1,685 .43 $1,608 .44 $1,499 .60 6.45 7 . 59 10.13
22 21 + voltage controller $536.42 $26.13 $1233 .77 424 . 13 $37 11.16 $1 ,723.52 $1,649.85 $1,545.69 7 .47 8.79 11.73
23 22 + im oved expansion valve $612.16 $75 .74 $1407.97 410. 12 $36 16.47 $1,881.55 $1,810.30 $1,709 .59 11.03 12 .98 17.31

Assumptions:
(I) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an actual 22.0 cubic foot refrigerator . A correction factor of 0.934 was

applied to the ERA values in order to account for the difference between the simulated and the actual baseline usage.
(2) Manufacturer cost of the baseline unit was interpolated from the ARAM manufacturer cost vs kWh curve for this product class.

Using a linear interpolation between the two closest points on the ARAM curve to the (adjusted) ERA baseline consumption of 753 .65 kWh , the ERA baseline cost is $396
(3) Ilectricity cost = 0.088 $/kWh (average cost In 1998 obtained from an Interpolation of the 1995 and 2000 prices of electricity forecast in DOE's Annual Energy ,

Outlook 1993, inflated to 1992 dollars). The interpolated value (for 1998) is 0.082 $/kWh (1991$). After adjusting for inflation from 1991 to 1992, it becomes 0.085 $/kWh.
The electricity price was then adjusted by an enduse factor for refrigerators of 1.04.

(4) Installation and maintenance costs are not included in the above calculations.
(5) lifetime.= 19 years.
(6) Markup factor= 2.3. This represents the average of markup factors for this product class in the 1989 TSD.
(7) Baseline : Compressor EER = 5. 18: Evaporator fan motor power - 10W; Condenser fan motor power - 10W.

Insulation thicknesses : freezer and fresh food doors 2.00"; freezer sides (avg of side , back, top and bottom) 2.12"; fresh food sides (avg of side , back, top and bottom) 2.05". Foam
resistivity is 0.573 m2-degC/W-cm. Evaporator and condenser UA: 34.3 W/degC and 30.3 W/degC, respectively.

(8) Vacuum panel option assumes that 50% of total wall and door surface area is covered by 1" thick vacuum panel. The delta cost (compared to foam insulation) assumes a variable cost
of $1.20 per board foot, which includes materials , installation labor and shipping . A depreciated investment cost of $10 /unit was also assumed . Both costs are derived from
Waldrom, I.M., "Vacuum Panel and Thick Wall Foam Insulation for Refrigerators: Cost Estimates for Manufacturing and Installation",
prepared for US EPA Global Change Division, EPA Project No. X818749-01-0 , October 1992.

• This represents the cumulative payback period.
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Option 

Baseline 
0+ 5.56 EER compressor 
J + 5.80 EER compressor 
2 + deer evap motor power 
3 + deer condenser mtr power 
4 + adaptive defrost 
5 + enhanced evap ht surface 

6 +_!Irld I" insulation to walls 
7 + add I" Insulation to doon 
8 + reduce defrost heat 
9 + fluid control valve 
10 + 6.0 EER linear compressor 
II + reduce gasket leak 6.6% 
12 + enhanced cond ht surface 
13 + vollAge controller 
14 + improved expansion valve 

6 + fluid control volve 
16 + reduce defrost heat 
17 + enhanced cond ht surface 
18 + 6.0 EER linear compressor 
19 + V8C11um panels in W & D 
20 + reduce gaslcetleak 6.6% 
21 + vollAge controller 
22 + improved expansion valve 

Assumptions: 

LIfe Cycle Costs and Payback Periods otSSlJJ!t,3y-Slde Refrigerator-Freezer (without TID fratures) 
ERA Simulatlon: Draft Version 

Manurr Incr. MIr Retail Annual Annual Cumulative Ufecycle Costs Cumulative CCE 
Cost Cost Price Energy Use Energy Cost Payback (1992S) (cenIS/kWh) 

(1992S) (1992S) (1992S) (kWh) (1992S) (years) 4'70 6% 10% 4'70 6% 

S396.00 . $910.80 753.41 $66 NA SI,780.79 SI,649.91 SI,464.89 . NA NA 
$398.50 S2.50 $916.55 705.68 $62 1.37 SI,731.43 SI,608.84 SI,435.54 0.92 1.08 
S402.50 S4.00 $925.75 678.41 $60 2.27 $1,709.14 $1,591.29 $1,424.68 1.S2 1.79 
S409.00 $6.50 $940.70 640.91 S56 3.02 SI,680.78 $1,569.45 $1,412.05 2.02 2.38 
$413.50 S4.50 $951.05 620.46 S55 3.44 $1,667.51 $1,559.73 SI,407.36 2.30 2.71 
$419.22 S5.72 $964.21 600.00 $53 3.96 SI,657.05 $1,552.82 SI,405.47 2.65 3.12 
S421.65 S2.43 S969.80 593.18 S52 4.19 SI,654.77 SI,551.72 SI,406.05 2.80 3.30 

$464.95 $43.30 S10(i9.39 490.91 $43 6.87 SI,636.26 $1,550.98 SI,430.42 4.60 5.41 
S475.91 S10.96 $1094.59 467.05 $41 7.30 SI,633.91 $1,552.78 SI,438.08 4.89 5.75 
S480.02 $4.11 S1104.05 460.23 $40 7.50 SI,635.49 SI,555.54 $1,442.52 5.02 5.91 
S491.22 Sl1.20 S1129.81 443.18 $39 8.03 $1,641.57 SI,564.58 SI,455.74 - 5.38 6.33 
$500.72 S9.50 SI151.66 429.55 S38 8.46 SI,647.67 $1,573.05 SI,467.56 5.66 6.67 
S509.26 S8.54 S1171.30 419.32 $37 8.87 SI,655.50 SI,582.66 SI,479.68 5.94 6.99 
S513.00 S3.74 $1179.90 415.91 $37 9.07 $1,660.17 SI,587.92 SI,485.78 6.07 7.15 
$539.13 $26.13 $1240.00 398.02 $35 10.54 $1,699.61 $1,630.47 $1,532.72 7.05 8.30 
$614.87 $75.74 S1414.20 384.01 S34 15.50 SI,857.64 $1,790.93 SI,696.62 10.38 12.21 

S432.85 SI1.20 $995.56 572.73 $50 5.34 SI,656.91 SI,557.41 SI,416.76 3.57 4.20 
S436.96 S4.11 $1005.01 562.50 $49 5.61 SI,654.55 $1,556.83 SI,418.70 3.76 4.42 
$440.70 $3.74 $1013.61 555.68 $49 5.91 $1,655.28 $1,558.75 SI,422.~8 3.96 4.66 
S450.20 $9.50 S1035.46 538.64 $47 6.60 SI,657.44 SI,563.88 SI,431.60 4.42 5.20 
S501.75 S51.55 $1lS4.03 453.41 $40 9.22 $1,677.59 $1,598.83 SI,487.48 6.17 7.27 
$510.29 $8.54 S1173.67 443.18 S39 9.64 SI,685.43 SI,608.44 SI,499.60 6.45 7.59 
S536.42 $26.13 $1233.77 424.13 $37 11.16 $1,723.52 SI,649.85 $1,545.69 7.47 8.79 
$612.16 $75.74 $1407.97 410.12 $36 16.47 SI,881.55 SI,810.30 $1,709.59 11.03 12.98 

10'70 

NA 
1.44 
2.38 
3.18 
3.62 
4.16 
4.40 

7.22 
7.67 
7.88 
8.44 
8.89 
9.32 
9.53 
11.07 
16.29 

5.61 
5.90 
6.22 
6.94 
9.69 
10.13 
11.73 
17.31 

(I) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an actual 22.0 cubic foot refrigerator. A correction factor of 0.934 was 
applied to the ERA values In order to account for the difference between the simulated and the actual baseline usage. 

(2) Manufacturer cost of the baseline unit was interpolated from the AHAM manufacturer cost v. kWh curve for this product clw. 
Using a linear interpolation between the two closest points on the AHAM curve to the (adjusted) ERA baseline consumption of 753.65 kWh, the ERA baseline cost Is S396 

(3) Eectricity cost = 0.088 S/kWh (average cost in 1998 obtained from an interpolation of the 1995 and 2000 prices of electricity forecast in DOS's Annual &ergy 
OuUook 1993, Inflated to 1992 dollan). The interpolated value (for 1998) is 0.082 S/kWh (1991$). After adjusting for Inflation from 1991 to 1992, it becomes'0.08S SIIcWh. 
The electricity price was then adjusted by an enduse factor for refrigeraton of 1.04. 

(4) Installation and maintenance costs are not included in the above calculations. 
(5) Ufetime.=19 yean. 
(6) MlI(kup factor= 2.3. This represents the average of markup facton for this product class in the 1989 TSD. 
(7) BaseUne: Compressor EER = 5.18; Evaporator fan motor power .. lOW; Condenser fan motor power. lOW. 

Insulation thicknesses: freezer and fresh food doors 2.00"; freezer sides (avg of side, back, top and bottom) 2.12"; fresh food sides (avg of side, back, top and bollom) 2.005". Foam 
resistivity is 0.513 m2-degC/W-cm. Evaporator and condenser VA: 34.3 W/degC and 30.3 W/degC, respectively. 

(8) Vacuum panel option assumes that 50% of total wall and door surface area Is covered by 1" thick v8ClJum panel. loe delta cost (compared to foam insulation) assumes a variable cost 
of SI.20 per board foot, which includes materials, installation labor and shipping. A depreciated investment cost of SIO/unit was also assumed. Both costs are derived from 
Waldrom. 1.M .• "VaCllum Panel and Thick Wall Foam Insulation for Refrigeraton: Cost Estlmales for Manufacturing and Installation", 
prepared for US EPA Global Change Division, EPA Project No. X818749-OI-O, October 1992. 

• This represents the CIImulative payback period. 
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Life Cycle Costs and Payback Periods of Top-Mount Auto Defrost Refrigerator-Freezer (with TTD features)
ERA Simulation : Draft Version

level Option
Manufr

Cost
Ina. Mfr

Cost
Retail
Price

Anne Annual Cumulative
Energy Use Energy Cost Payback*

Lifecycle Costs
1992$

Cumulative CCE
(cents/kWh

(19920 1992$) (1992$) (kWh) (1992$) (years) 4% 6% 10% 4% 6% 10%

0 Baseline $492.83 - $ 1133.51 795 .70 $70 NA $ 2,053 . 17 $1,914.82 $1,719.23 NA NA NA
1 0+ reduce load for TTD $ 496.65 $3.82 $1142 . 29 759 . 89 $67 2 . 79 $2,020.56 $1,888.44 $1,701 .65 1.87 2.20 2.93
2 I + 5.80 EFR compressor $500.65 $4.00 $1151 .49 724.09 $64 2.85 $1,988.38 $1,862 .48 $1,684 . 50 1.91 2 .25 3.00
3 2 + deer cord motor power $505.15 $4.50 $1161 . 84 696.24 $61 3 .24 $1,966 . 54 $1,845.48 $1,674 . 35 2.17 2 . 55 3.40
4 3 + deer evap motor power $511.65 $6 .50 $1176 . 79 660 . 43 $58 3 .64 $1,940 . 10 $1,825 .27 $1,662 .94 2.44 2 . 87 3.82

5 4 + 1" insulation to doors $523.93 $ 12.29 $1205 .05 624.62 $S5 4 .75 $1,926 .98 $1,818 .38 $1,664 .84 3.18 3 .75 5.00
6 5 + fluid control valve $ 533.67 $9.73 $1227.44 600 . 75 $53 5 . 48 $1,921 .78 $1,817.33 $ 1,669.66 3 .67 4.32 5.76
7 6 + I" Insulation to walls $581 .63 $47.96 $1331 .74 509 . 25 $45 8 . 10 $1,926.32 $1,837.78 $1,712.60 5.43 6.39 8.52
8 7 + 6.00 EE3R linear compressor $ 591.13 $9 .50 $1359.59 493 .33 $43 8.50 $1,929 .78 $1,844.00 $1,722.74 5.69 6 .70 8.94
9 8 + reduce gasket leak $596.41 $5.28 $1371 .73 485 . 38 $43 8.72 $1,932 .73 $1,848.33 $1,729 .03 5.84 6 . 88 9.18
10 9 + decrease anti-sweat heater $607.80 $11.39 $1391.94 469.46 $41 9 . 21 $1,940 .53 $1,858 .91 $1,743.51 6.17 7 .26 9.69-
11 10 + adaptive defrost $615.53 $7.73 $1415 .71 461.51 $41 9.60 $1,949.12 $ 1,868.87 $ 1,755.43 6 .43 7.57 10.09
12 II + ircrease condenses area $624 . 50 $8.91 $ 1436.35 449.51 $40 9.94 $1,955 .96 $1,877.79 $1,767.291 6.66 7 .84 10.46
13 12 + voltage controller $650.02 $ 25.52 $ 1495.04 430.23 $ 38 11.24 $1 ,992.30 $ 1,917.50 $1,811.74 7 .53 8.81 11.83
14 13 + Inawe evaporator area $665 . 84 $15.82 $ 1531.42 425.70 $37 12.22 $2,023 .44 $1.949.42 $1,844.79 8.19 9 .64 12.86
15 14 + improved expansion valve $744.96 $79.12 $1713 .41 409 .35 $36 17.06 $2 , 186.53 $ 2,115.35 $2 ,014.73 11 .43 13.45 17.94

16 4 + fluid control valve $ 521.38 $9.73 $1199. 17 632 . 58 $56 4.57 $1,930.30 $1,820.32 $1,664 .83 3.07 3 .61 4.81
17 16 + vacuum panels In D & W $ 570.60 $49.22 $ 1312.38 521 . 18 $46 7 .40 $1,914.76 $1,824 . 14 $1,696 .03 4.96 5 . 84 7.79
18 17 + decrease anti-sweat heater $ 581.99 $ 11.39 $1338 . 58 501 .29 $44 7 .92 $1,917 .97 $1,830.81 $1,707.59 5.30 6.24 8.33
19 18 + reduce gasket leak $ 587.27 $5.28 $1350 .73 493 . 33 $43 8.16 $1,920.92 $1,835.14 $1,713.88 ! 5.47 6 .44 8.59
20 19 + 6 .0 EER linear compressor $596.77 $9.50 $1372 . 58 '461 .40 $42 8.64 $1,928 .97 $1,845. 27 $1,726 .94 5.79 6 . 82 9.09
21 20 + adaptive defrost $604.50 $7.73 $ 1390.36 469.46 $ 41 8.95 $1,932.96 $1,851.33 $1,735.93 5.99 7.06 9.41
22 21 + increase condenser area $613 . 48 $8.97 $ 1410.99 460.38 $41 9.40 $ 1.943.10 $ 1,863.05 $ 1,749.89 6.30 7 . 42 9.89
23 22 + voltage controller $638.99 $25.52 $ 1469.69 440 . 59 $39 10.76 $1,978 . 91 $1,902 . 31 $1,794 .01 7.21 8 .48 11.32
24 23 + Improved ex ansion valve $718.12 $79.12 $1651.67 424.24 $37 15.85 $2,142.00 $2,068.24 $1,963 .96 10.62 12 . 50 16.68

Assumptions:
(I) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an actual 22.0 cubic foot refrigerator . A correction factor of 1.09 was

applied to the ERA values in order to account for the difference between the simulated and the actual baseline usage.
(2) Manufacturer cost of the baseline unit was interpolated from the AIIAM manufacturer cost vs kWh curve for this product class.

Using a linear interpolation between the two closest points on the AIIAM curve to the ERA baseline consumption of 795.7 kWh, the ERA baseline cost is $492.83.
(3) Electricity cost = 0.088 $/kWh (average cost In 1998 obtained from an interpolation of the 1995 and 2000 prices of electricity forecast in DOES Annual Energy

Outlook 1993, Inflated to 1992 dollars). The Interpolated value (for 1998) is 0.082 S/kWh (1991$). After adjusting for inflation from 1991 to 1992, it becomes 0.085 $/kWh.
The electricity price was then adjusted by an endure factor for refrigerators of 1.04.

(4) Installation and maintenance costs are not included in the above calculations.
(5) Lifetime -19 yews.
(6) Markup factor- 23. This represents the average of markup factors for this product class in the 1989 T'SD.
(7) Baseline: Compressor EER - 5.46; Evaporator fan motor power a 9.1 W; Condenser fan motor power a 12W.

Insulation thicknesses : freezer door and sides ate 1.50" and 2.00", fresh tood door and sides are 1.50" and 1.57" . Foam resistivity is 0.58 m2-degC/W-cm.
Evaporator and condenser areas : 251 sq.m and 0.70 sq.m. respectively.

(8) Vacuum panel option assumes that 50% of total wall and door surface area is covered by 1" thick vacuum panels . The delta cost (compared to foam insulation) assumes a variable cost r
$1.20 per board foot, which includes materials, installation labor and shipping . A depreciated investment cost of $ 10/unit was also assumed . Both costs are du ived from
Waldron, J.M., `Vacuum Panel and Thick Wall Foam Insulation for Refrigerators: Cost Estimates for Manufacturing and Installation",
prepared for US EPA Global Change Division , EPA Project No. X818749-01-0, October 1992.

° This represents the cumulative engineering payback period.
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Life Cycle Costs and Paybatk Periods 0' Top.Mount Auto Derrost Refrigerator-Freezer (with TTD reaturfS) 
ERA Simulation: Dran Version 

Manurr Ina. Mer Retail ANlu .. ANlUlI Cumulative Lifecycle CoslI Cumulative CCB 
OptIon Colt Cost Price I!nerty U.e l!nerlY Coli Payback- (1991$) (centslkWhJ 

(1991$) _0991$) (1991$) (kWh) (1992$) (years) 4"" 6"" 10% 4"" 6% 10'1"0 

Baseline S492.83 . SIIl3,51 195.10 $10 NA Sl.OSl'!1 51.914.82 $1.119.23 NA NA NA 
o t rrouce load IOf TID S496.65 $3.82 S1I42.29 159.89 $61 2.19 $2.020.56 51.818.44 $1.101.65 1.81 2.20 2.93 
I t 5.80 EER CXlI1ljlrCssor 5500.6S 54.00 51U1.49 124.09 564 2.BS $1.988.38 51.862.48 51.684.S0 1.91 2.2S 3.00 
2 t eker cond motor power 550S.1S $4.S0 $1161.84 696.24 $61 3.24 51.966.54 51.145.48 $1.614.35 2.11 2.5S 3.40 
3 t eker eVlp molot' power SSIUS S6.S0 S1I16.19 66D.43 SS8 3.64 $1.940.10 51.825.21 $1.662.94 2.44 2.87 3.82 

4 t I" insulation \0 door. 5m.93 512.29 S1205.0S 624.62 555 4.15 SI.926.98 51.8111.38 51.664.84 :J.l1 3.15 5.00 
5 t nuid control valve $533.61 S9.13 S1221.44 600.15 $53 5.48 $1,921.11 51.1111.33 51,669.66 3.61 4.32 5.16 
6 t 1"lilSulation to wall. S58I.63 S41.96 SI331.14 S09.2S $45 8.10 SI,926.32 SI.131.18 SI.112.6O 5.43 6.39 •. 52 
1 t 6.00 EER tinear c()fQjlrCssor S591.13 S9.S0 S13S9.59 493,33 S43 8.50 SI,929.18 51,1144.00 SI,122.14 5.69 6.10 8.94 
8 t reduce ,Isketleak $596.41 U28 SI31I.13 m.lI S4] 11.12 51,932.13 51.841.33 SI.129.03 "'4 6,88 9.18 
9 t ekerease anll.,well heater S607.80 SII.39 S1391.94 469.46 S41 9.21 SI,94O.S3 SI,IISUI SI.743.51 6.11 1.26 9.69 
lOt adaptive defrost $61S.53 51.73 S1415.71 461.51 S41 9.60 SI,949.12 SI,868.17 SI.155.43 6.43 7.S7 10.09 
II t increase condenser area S624.50 SB.97 $1436.35 449.51 S40 9.94 SI,955.96 $1,817.19 51,767.29 i 6.66 7.84 10.46 
12 + volt'Bc controller $6S0.02 $25.52 $I 49S.04 430.23 S38 11.24 $1,992.30 $1.911.50 $1,811.14 7.53 1.117 11.83 
13 t Increase cup«atOf area SMUt SIS.12 SISl1.42 425.10 $31 12.22 $2.023.44 $1,949.42 $1,144.79 8.19 9.64 I2.B6 
14 t bnproved c~panslon valve S744.96 $19.12 $1113.41 409.35 536 17.06 $2.186.53 52,115.35 $2,014.13 11.43 1l.45 17.94 

4 .. nuld cootrol valve SS21.38 S9.73 SII99.17 632.S8 $56 4.51 SI,930.30 $1,820.32 $1,664.13 3.07 3.61 4.81 
16 t vacuum panels In D &: W SS70.6O S49.22 S1312.38 511.18 $46 7.40 $1,914.76 $1,124.14 SI,696.03 4.96 5.114 7.19 
11 t ttecrease antl·lweat healer $581.99 SII.39 $133B.S8 501.29 $44 7.92 SI.917.97 51,130.11 $1,107.59 5.30 6.24 8.33 
18 t reduCe 'lsketleak $517.27 u.n smo.n 493.33 S43 1.16 $1.920,92 $1,835.14 51,713.88. 5.47 6.44 8.S9 
19 t 6.0 EER tincar c()fQ~ssor $596.11 $9.50 SI372.S8 '481.40 S42 8.64 SI,928.91 SI,145.27 $1,126.94 5.79 6.82 9.09 
20 t adaptive del'rost $604.S0 S7.13 S139O.36 469.46 S41 8.95 SI,932.96 $1.BSI.33 SI,73S.93 5.99 7.06 9.41 
21 t increase condenser area $613.48 $8.97 $1410.99 460.38 S41 9.40 $1,943.10 SI,863.0S $1,149.89 6.30 7.42 9.89 
22 t voltage conlroller $638.99 n5.S2 $1469.69 440.59 $39 10.16 SI.918.91 $1,902.31 SI,794.01 7.21 8.48 11.32 
2l t Impt"oved expansion v"ve $118.12 S79.12 S16SI.67 424.24 $37 IS.SS 52.142.00 $2,068.24 SI,963.96 10.62 12.50 16.68 
AsrumpUolIS: 
(I) Energy conrumption. for the baseline and for eaeh design option were obtalnw from an ERA simulation 01 an Ictual 22.0 cublcfOOl refrlgeralot'. A correction lactor 0' 1.09 WlS 

applied to the ERA valuel,ln order 10 Iccountlor tile difference between the simulated and the .ctual baseline unge. 
(2) Manuracturer cost of the baseline unit w •• lnterpolatw from the AllAM manufacturer cost VI kWh curve lor tllil product cia ... 

Ulina. linul interpolation between the two closest points on the AllAM curve 10 the ERA baseline consumption of 195.7 kWh,llte ERA baselb,le coslis S492.83. 
(3) Electricity con .. 0.088 S/kWh (averlgc cost In 1998 obtained Irom an interpolation 01 the 1995 and 2000 prices or electricity forccaslln nOH'. Annuall!nergy 

Outlook 1993. Inflated 10 1992 dollars). The Interpolated value (fOf 1998) is 0.082 S/kWh (l99IS). Aller .djuSling for inn.tion (rom 1991 10 1992, it becomes 0.085 $/kWh. 
The eleclrlcity pricc wu thc.n adjusted by an enduse raelot' fOf refrlgerltoll 011.04. 

(4) InruU.tlon and maintenance COlli are not included In the above calculatiOIlI. 
(S) liretbne .19 yearl. 
(6) Markup factOPo 2.3. nus represenll the aver_Be of markUp factor. ror this product clm in the 1989 TSD. 
(7) BaseUne: Compre.SOf EER. 5.46; Evaporator fan molot' power. 9.IW; Coodenser fan motor power • 12W. 

lnsulatlon thlcknesses: frccur door and .Ides are I.SO· and 200", fresh lood door and .Ide. are I.S0· and 1.51". Foam resistivily II 0.58 m2·degC/W·cm. 
EVIPOfIIot' and condenser l1eas: 2.51 Iq.m and 0.70 Iq.m. respectively. 

(8) Vatuum panel option usume. that SO'7. of toUI wall and door surface area Is covered by l~ thick vacuum panels. The delt. cost (cOlTlllred 10 loam insulation) assumes 8 variable cost ( 
SI.20 per board loot. which include. m.terl .... 1nilAllation lab« and shipping. A depreciated investment cost of $1 O/lmit WII also assumed. DOlh [Osts arc de Ivcd from 
Waldron.1.M .• "Vacuum Panel and Thick Wall Foam Insulation for ReCrigen!on: Cost I!stlm.te. for Manuracturing and Installation", 
prepared for US EPA Olobal OIanBe Divi.lon, EPA PToject No. X818749·0I.o. OclOber 1992. 

• ThilreJ'f"ClUlu the cumulatlve engineering payback period. 
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Life Cycle Costs and Payback Periods of Bottom -Mount Auto Defrost Refrigerator-Freezer
ERA Simulations Draft Version

Level Option
Manufr

Cost
loci. Mfr

Cost
Retail
Price

Annual Annual Cumulative
Energy Use Energy Cost Payback *

Lifeeycle Costs
(1992$)

Cumulative CCE
- (eents/kWh)

(1992$) 1992$ 19925 (kWh) 19925 (years ) 4% 6% 10% 4% •6% 10%

0 Baseline $406.74 $935.50 700 .71 $62 NA $ 1,745.37 $ 1,623.54 $1 .451.30 NA NA NA
1 0 + 5.46 EER compressor $409.24 $2 . 50 $941 .25 668 .49 139 2 .03 11,713 . 88 $1,597 . 65 $1,433 . 34 1.36 1.60 2.13
2 1 + 5.80 EER compressor $413.24 $4.00 $950 .45 636 . 27 $56 2 .64 $1,685 . 85 $1.575 .22 $1,418 . 82 1.77 2 .08 2.773 2 + doer evap motor power $419.74 $6.50 $965 .40 600.03 $53 3.37 $1,658.91 $1.554 . 58 $1,407 . 09 2.26 2 . 66 3.554 3 + doer coed motor power $424.24 $4.50 $975 .75 579. 89 $51 3 .79 $1,645.99 $1,545. 16 $1,402 . 62 2.54 2 .99 3.98

5 4 + 1(1' Insulation to doors $429.66 $5.42 $988 .22 559 .76 $49 4.25 $1,635 . 18 $1,337 .85 $1,400 .26 2.85 3 . 35 4.47
6 5+ I' insulation to with $454.38 $24.72 $1045.01 475 . 19 $42 5 . 52 $1,594 .29 $1.511.67 $ 1,394.86 3.70 4.35 5.81
7 6+ reduce gasket leak 9.8% $458.54 $4 . 16 $1054 .63 463 . 11 $41 5.10 $ 1,589.89 $ 1,309.37 $ 1.395.53 3 . 82 4.49 5.99
8 1+ I' Insulation to doors $463 .32 $4.79 $ 1065.64 451.03 $40 3.92 $1,586 .93 $1,508 . 51 $1,397 .65 3.97 4 . 67 6.23
9 8 + increase evap area $468 .23 $4.91 $ 1076.93 442 .97 $39 6.24 $1,588.91 $1,511.89 $1,403.01 4.18 4.92 6.56
10 9+ adaptive defrost $475.61 $7.38 $1093 .91 430 . 89 $38 6 . 67 $1,591 . 93 $1,517 .01 $1,411.10 4.47 3.26 7.02
11 10 + 6.0 EER linear compressor $485.11 $9.50 $1115 .76 418.81 $37 7.27 $1,599.82 $ 1,527.00 $1,424.06 4 .87 5.73 7.64
12 11 + fluid control valve $498.24 $ 13.12 $1145 . 95 406 .73 $36 8.13 $1,616 . 04 $1,545 .32 $1,445.35 5.45 6 . 42 8.56
13 12 + Incr condenser area $507 . 76 $9 . 52 $1167 . 84 398 . 68 $35 8.74 $1.62863 $ 1,559.31 $ 1,461.31 5.86 6.89 9.20
14 13 + voltage controller $534.48 $26.73 $ 1229.31 381 . 53 $34 10 . 46 $1,670 . 28 $1,603 .94 $1,510.16 7.01 8.25 11.00
15 14 4 Improved expansion valve $606.21 $71.73 $ 1394.28 364.98 $32 15.53 $ 1.816.13 $1,752 .61 $1,662.95 10.40 12.25 16.34

16 4 + reduce gasket leak 9 .8% $428 .40 $4.16 $985.31 561 . 81 $50 4 .26 $1.641 . 59 $1,542.86 $1,403 . 29 2.85 3.36 4.48
17 16+ adaptive defrost $435.78 $7.38 $1002 . 30 547 .68 $48 4.96 $1,635 . 30 $1,540.07 $1,405.45 3.32 3.91 5.22
18 17 + Vacuum panels In WAD $478.14 $42 .36 $1099 .73 442 97 $39 7.24 $ 1.611.71 $1,534 . 69 $1,425 . 81 4.85 5. 71 7.62
19 18 + increase evap area $483 .05 $4.91 $ 1111.02 434 .92 $38 7 .50 $1,613 . 69 $1,538 .07 $1,431 . 17 5.03 5 .92 7.89
20 19 + 6.0 EER linear compressor $492.55 $9.50 $1132 . 87 422.84 $37 8.07 $1,621 . 58 $1,548.06 $1,444 . 13 5.41 6 . 37 8.49
21 20 + fluid control valve $505.68 $13.12 $ 1163.06 406.73 $36 8.80 $ 1,633.15 $1,562.43 $ 1,462.46 5 . 89 6.94 9.25
22 21 + Incr condenser area $515 . 19 $9.52 $ 1184.95 . 398.68 $35 9. 39 $1.645.73 $1,576 .41 $1,478.42 6.29 7 .40 9.87
23 22 + voltage controller $541.92 $26.73 $1246.42 381.53 $34 11.07 $ 1,687.39 $ 1,621.05 $ 1,527.27 7.42 8.73 11.65
24 23 + improved ex pansion valve $613.65 $71.73 $1411 .39 364 . 98 $32 16. 11 $1,833.23 $1,769.77 $ 1,680.06 10.79 12.70 16.95

Assumptions:

(I) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an actual 20.0 cubic foot refrigerator. A correction factor of 1.1033 was
applied to the ERA values In order to account for the difference between the simulated and the actual baseline usage.

The baseline was obtained by decreasing the wall and door thicknesses of the unit provided by Manufacturer' F by I/2' each in order to bring the energy use closer to the DOE standard:
( 2) Manufacturer cost of the baseline unit was Interpolated from the AIIAM manufacturer cost vs kWh curve for this product class.

Using a linear (nterl-olation between the two closest points on the AIIAM curve to the ERA baseline consumption of 700 .71 kWh. the ERA baseline cost Is $406.74.
(3) Electricity cost -0.089 $/kWh (average cost in 1998 obtained from an Interpolation of the 1995 and 2000 prices of electricity forecast In DOE 's Annual Energy

Outlook 1993, Inflated to 1992 dollars ). The Interpolated value ( for 1998) is 0.082 $/kWh (1991$). After adjusting for inflation from 1991 to 1992 , it becomes 0 .085 $/Wh.
The electricity price was then adjusted by on endure factor for refrigerators of 1.04.

(4) Installation and maintenance costs are not Included in the above calculations.
(5) Lifetime = 19 years.
(6) Markup factor= 2.3. This repro ents the average of markup factors for this product class to the 1989 TSD.
(7) Baseline : Compressor EI3t a 5.14; Evaporator fan motor power = 10.5W; Condenser fan motor power = IOW.

Insulation thicknesses : freezer door and sides are 1.69" and 2 . 50', fresh food door and sides are 1.69' and 1 . 59'. Foam resistivity Is 0.55 m2-dcgC /W-cm in the sides and
0.53 m2 -degC1W- em In the doors.
Evaporator and condenser areas: 3 . 56 sqm and 7.94 sq .m, respectively.

(8) Vacuum panel option assumes that 50 % of total wall and door surface area Is covered by I' thick vacuum panels . The delta cost (compared to foam insulation ) assumes a variable coat of
$1.20 per board foot, which Includes materials, installation labor and shipping . A depreciated investment cost of $101unit was also assumed Both costs are derived from
Waldron, 3.M., 'Vacuum Panel and Thick Wall Foam Insulation for Refrigerators : Cost Estimates for Manufacturing and Installation',
prepared fort US EPA Global Change Division, EPA Project No. X818749 - 01-0, October 1992.

• This represents the cumulative engineering,payback period.
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7128103 

Lire Cycle Costs and Payback Perlod.5 or Botlom·Mount Auto Ddrosl RdrlCtrator.FrCfuf 
ERA SlmulaUonl Dran Version 

MUlur, Iocr. Mfr Retail AMual Annual Cumulative L1recrcle C061S 
Coet Coet I'rlu Ene ... y Use Eneray Coet Payback· (1991$) 

(1992$) (1992$) (1992$) (kWh) (1992$) (yem) 4~ 6~ 10~ 

$406.14 . S?3BO 700.11 $62 NA 51.1Ull 51.62l.S4 $1.451.30 
$409.24 $2.50 $941.25 661.4? S5? 2.03 SI.111." $1,591.65 SI.433.34 
$413.24 $4.00 S9S0.4S 636.27 SS6 2.64 SI.6SHS $1,51.5.22 SI.418.12 
$419.14 $6. SO S96HO 600.0) S53 3.31 S1.65UI SUS4.S. SI.401.09 
$424.24 $4.S0 S915.1S 519.89 S51 3.79 $I.6U99 SI,54S.16 $1.402.62 

$429.66 15.42 $988.22 559.16 $49 4.15 SI.61UI SU31.15 SI.400.26 
$454.]1 $24.12 SI04S.01 415.19 $42 5.S2 SI.594.29 SUI 1.61 SI.394.86 
$4S8.54 $4.16 $1054.61 463.11 $41 5.70 $1,589.89 $1.509.31 $1.395.53 
$463.32 $4.19 $1065.64 451.03 $40 5.92 SI.586.93 SI,508.S1 SI.391.65 
$461.23 $4.91 S1016.93 442.91 S39 6.24 $1.581.91 SI,511.89 SI.40l.01 
$415.61 51.38 $1093.91 430.89 $38 6.67 Sl.591.93 $1.m.OI $1."".10 
$4UIl $9.50 51\15.76 411.81 $31 7.21 SI,599.82 51,5n.00 SI.424.06 
$498.24 $13.12 SIIU95 406.11 $36 U3 $1,616.04 $1,545.31 SI,445.35 
$507.76 $9.52 $1161.84 398.68 $JS 8.74 $1.6286] 51JS9.31 $1,461.]1 
SS34.041 S26.11 $1229.31 ]AU] $34 10.46 $1,670.28 $1,603.94 $1.510.16 
$606.21 $11.71 $1394.21 ]64.98 $]2 IH] SI,8I6.11 51,152.67 $I,662.9S 

$421.40 $4.16 S98S.11 S61.81 SSO 4.26 $1,641.59 $1,542.S6 SI,401.29 
$435.71 $1.38 $1002.30 541.68 $48 4.96 $1,635.30 SI,540.01 SI,40SAS 
$418.14 $42.36 SI099.71 44297 $39 7.24 S 1.6 11.71 $1.5)4.69 SI,42$.81 
$41l.0S $4.91 51\11.02 434.92 S38 7.50 51,613.69 $IJ3I.01 $1,431.11 

19 + 6.0 EER JiD~1I compreslOr $492.5S 59.S0 $\132.81 42214 S31 '.01 $1.621.58 SI.548.06 $1,444.13 
20 + nuld conlrol valve $505.68 $13.12 $1163.06 406.11 $16 UO $I,6UIS 51.562.43 $1,462.46 
21 + Incr concknser ma SSIS.l9 $9.52 $1184.95 .398.68 SJS 9.)9 51.645.13 SIJ16.41 $1,411.42 
22 + volille coolroller 5S41.92 $26.13 S1246.42 381.53 $34 11.01 SI,681.]9 SI,621.0S SI.521.27 
2) + Improved expansion valve $613.65 $11.11 S1411.39 364.9' $32 16.11 SI.8lJ.23 $1,169.71 $1,680.06 

Assmnpllons: 

Cumulative CCll 
- (cenls/kWh) 
4~ ·6'l1. lO~ 

NA NA NA 
1.36 1.60 2.1l 
1.11 2.01 2.11 
2.26 2.66 -l.SS 
2.54 2.99 3.98 

2.U 3.3S 4.41 
3.10 4.]S 5.111 
3.82 4.49 5.99 
3.91 4.61 6.23 
4.18 4.92 6.S6 
4.47 S.26 7.02 
4.11 S.13 7.64 
5.45 6.42 Sj6 
5.16 6.19 9.20 
7.01 11.25 11.00 
10.40 12.2S 16.34 

2.BS ].36 4.48 
3.12 3.91 S.22 
4.15 5.11 1.62 
S.O] S.92 1.89 
S.41 6.17 •. 49 
5.89 6.94 9.25 
6.29 1.40 9.87 
7.42 lI.n IUS 
10.79 12.70 16.95 

(I) Energy consumptions ror lbe baseline and ror ucb deslgD optioD were oblalned from In ERA Ilmulation or I" atlua120.0 cubic: rool refrigerator. A eorm::llon faclor of 1.1033 WIS 

Ipplled 10 Ibe F..RA values In order 10 Iccounl ror the dlrrereou between Ihe ,Imuilled Uld the aclual buellne usalle. 
Tbe bueline wu obtained by dCCfWilna dle waU Uld door thicknesses or the unil provIded by MlJlllfaclWer"F' by 1/1." eacb In order 10 brlnathe ener8Y use closer 10 lbe DOH sllJldlld: 

(2) MlJlufaclUrer cost or the baseline unit wu Inlerpol_1ed froln the AllAM mlJluCltlUrer cost VI kWh ane ror d.1s product tIns. 
UslnSllinear Inlerr<,lalioD between !be two cloeesl rolnu on the AllAM curve 10 the ERA baseline consumpllon of 700.71 kWh, the ERA buellne COllis $406.74. 

(3) Electricil), COlt" 0.088 $/kWh (annie C06lln 1998 obllined from an Inlapolatlon or Ibe 1995 and 2000 prlul or elec:trlclly forcculln DOE'. AMUII Eaersy 
Oullook 1993.lonated 101992 doll.,..). The Inlerpolaled vllue (Cor 1998) Is 0 082 SlkWh (I 99 IS). Aner adjustlna ror Innilion rrom 199110 1992, II becomes O.oas S/kWh. 
The elcctrlclly price wu then adjusled bJ lUI enduse raclOr ror refrigerllOrs oC 1.04. 

(4) installation and malnltnanu eoclS m nOllncluded 10 the above calculallons. 
(5) lIretime .. 19 Yearl. 
(6) MlIl:up Caclorz 2.1. Thll repmimlJ the averlse or mlll:up raclon ror !hI. product ciUllo th .. 1989 lSD. 
(1) Baseline: Compressor EER .. 5.1": EVlporltor rln molor rower. 10.SW; Condenser ran mOlor power. lOW. 

lruulatloa thlckneucs: C_= door and lidea lie 1.69" IJld 2.S0", fresh rood door IJld .Idea Ire 1.69" Uld U9". Foam resistivity I. O.SS m2·dcsC/W·cm In the aides and 
0.S3 ml·deaCIW-cm In lbe doon. 
EVlporator Uld coode:lller areas: 3.56 .q.m aDd 7.94 .q.m. respectlvely, 

(8) Vacuum panel option wumea !bat SO," or lotal win and door IUfhce ana Is covered by I" thick vaallD1lplnels. The della C06I (coanpued 10 roam Insulallon) assumes a vlIl.ble COGI 01 
51.20 per board root, wbleb Incluck. materlal.c,lnstallilion labor IJld Ihlpplnl. A depreclaled Investmenl C06I or $IO/unil wu also assumed. Doth C061s are derived from 
Waldron. 1.M., "Vacuum plJleland ThIck Wall Foam Insula LIon ror Rdrigerllor1: C061 &timalcs ror MlnubclwinS and Inslallalioo", . 
pnpued ror US EPA Global {]Jan8e Division, EPA Project No. X818149·01-0, OclOber 1992 . 

• Tbb represtlllS lbe cumulative englne.erins,paybact pulod. 
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Accuracy Analysis of the ADL/ERA Model

Prepared for

Association of Home Appliance Manufacturers
NAECA Task Force

Prepared by

Clark Bullard Associates
509 West Washington Street

Urbana Illinois 61801

Background

This report was prepared at the request of the NAECA Task Force of the Association of Home

Appliance Manufacturers. It is part of a larger effort by the Task Force to quantify the uncertainty

associated with estimates of energy savings obtained using the USEPA's refrigerator analysis program

(the ERA program). The program was developed by Arthur D. Little Inc. (1992) and will be used by

DoE in the 1998 standard-setting process.'

The ERA model is an improved version of the model used by DoE in setting the 1993 standards (ADL,

1982). The improvements dealt mainly with the user interface, and the addition of multizone heat

exchangers, alternative refrigerants and new compressor models that do not require calorimeter testing

with a particular new refrigerant. AHAM task force members , engineers from the major

refrigerator/freezer manufacturing companies, used the ERA model to perform the analyses reported

here and provided all the necessary input data.

Purpose and scope

For many of the conservation measures likely to be considered by USDoE when setting the 1998

NAECA energy efficiency standards, adequate test data exist and enable manufacturers to guage the

credibility and certainty of energy savings predicted by the ERA model. However there are little or no

test data available for the measures listed in Table 11 Therefore DoE and other parties to the NAECA

rulemaking may be forced to rely almost exclusively on model-based estimates for these conservation

measures. This report presents results of an effort to estimate the uncertainties associated with such

model-based estimates.

I To assist in this evaluation of the ERA model, ADL provided the AHAM Task Force members with disks containing
the ERA program and input files used in the USEPA's Draft Multiple Pathways Report in 1992. Shortly after
completion of the analysis reported here, ARAM was informed that USEPA was about to release an updated version (1.0)
of the ERA model and user's manual. That version was said to contain a number of improvements over the version
reviewed herein, but none that would substantially alter the conclusions and recommendations contained in this report.

I
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This report was prepared at the request of the NAECA Task Force of the Association of Home 

Appliance Manufacturers. It is part of a larger effort by the Task Force to quantify the uncertamty 

associated with estimates of energy savings obtained using the USEP A's refrigerator analysis program 

(the ERA program). The program was developed by Arthur D. Little Inc. (1992) and will be used by 

DoE in the 1998 standard-setting process. 1 

The ERA model is an improved version of the model used by DoE in setting the 1993 standards (ADL, 

1982). The improvements dealt mainly with the user interface, and the addition of multizone heat 

exchangers, alternative refrigerants and new compressor models that do not require calorimeter testing 

with a particular new refrigerant. AHAM task force members, engineers from the major 

refrigerator/freezer manufacturing compan~es, used the ERA model to perfonn the analyses reported 

here and provided all the necessary input data. 

Purpose and scope 

For many of the conservation measures likely to be considered by USDoE when setting the 1998 

NAECA energy efficiency standards, adequate test data exist and enable manufacturers to guage the 

credibility and certainty of energy savings predicted by the ERA model. However there are little or no 

test data available for the measures listed in Table 1, Therefore DoE and other parties to the NAECA-­

rulemaking may be forced to rely almost exclusively on model-based estimates for these conservation 

measures. This report presents results of an effort to estimate the uncertainties associated with such 

model-based estimates. 

1 To assist in this evaluation of the- ERA model, ADL provided lI1e AHAM Task F'orce members with disks containing 
the ERA program and input files used in the USEPA's Draft Multiple Pathways Report in 1992. Shortly after 
completion of the analysis reported here, AHAM was infonlled that USEPA was about to release an updated version (1.0) 
of the ERA model and user's manual. That version was said to contain a number of improvements over the version 
reviewed herein, but none lhat would substantially alter the conclusi()ns and recommendations contained in this report. 
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• Gasket improvements
• Vacuum insulation

gAlternative refri erants & mixtures
• Lorenz cycle
• Variable speed compressors
• Reduce cycling losses
• Dual evaporator

Table 1. Conservation measures considered

A simple example will demonstrate the importance of quantifying the uncertainties associated with an

ERA estimate of energy use. For a base case refrigerator, suppose that the model predicts an energy

use of 2.00 kWh/day, and 1.80 kWh/day after the design has been modified to incorporate a

conservation measure. In the absence of an uncertainty analysis, one would conclude that savings of

0.20 kWh/day could be achieved. However if the uncertainties on both the badeline and altered results

are about 5%, say ±0.10 kWh/day, then the estimated energy savings DE could be said to lie in the

interval: 0 < AE < 0.4 kWh/day.2 The error, ± 0.2 kWh/day, is as large as the original estimate

(nominal value) for energy savings that was obtained initially by running the model twice. This is a

common problem encountered when subtracting two large numbers, especially when the large

numbers are only known to three significant figures, as the ERA model is programmed to display its

calculated energy use prediction.

This example illustrates the importance of knowing what the uncertainties are, and how they propogate

through the model to influence the results . In nonlinear models input uncertainties and errors may be

magnified or shrunk, and they may add in a worst-case fashion or cancel one another (Porter and

Bullard, 1992).

The paucity of data on the effectiveness of these conservation options has another important

implication. It means that some of the equations used to quantify the energy savings may not yet have

been subjected to rigorous validation. Therefore in the following analysis three sources of inaccuracy

are considered: 1) uncertainties in the parameters specifielf as inputs to the ERA model;-Z)--- -

assumptions embedded in ERA's equations; and 3) terms inadvertently omitted from ERA equations.

In most cases errors of types #2 and #3 cannot be quantified in this report due to lack of data, but in

some cases it was possible to use limited proprietary data from manufacturers to test for the presence

of these types of errors.

Overview of methodology

The general approach is straightforward. It is based on the concept that one can identify independent

sources of error. Each of these errors propagates through the system or in our case the set of

2 The maximum savings could be 2.1 - 1.7 = 0.4 kWh/d and the minimum could be 1.9 - 1.9 = 0 kWh/d.
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A simple example will demonstrate the importance of quantifying the uncenainties associated With an 

ERA estimate of energy use. For a base case refrigerator, suppose that the model predicts an energy 

use of 2.00 kWh/day, and 1.80 kWh/day after the design has been modified to incorporate a 

conservation measure. In the absence of an uncertainty analysis, one would conclude that savings of 

0.20 kWh/day could be achieved. However if the uncertainties on both the badeline and altered results . 

are about 5%, say ±G. I 0 kWh/day, then the estimated energy savings 6.E could be said to lie in the 

interval: 0 < 6.E < 0.4 kWh/day.2 The error, ± 0.2 kWh/day, is as large as the original estimate 

(nominal value) for energy savings that was obtained initially by running the model twice. This is a 

common problem encountered when subtracting two large numbers, especially when the large 

numbers are only known to three significant figures, as the ERA model is programmed to display its 

calculated energy use prediction. 

This example illustrates the importance of knowing what the uncenainties are, and how they propogate 

through the model to influence the results. In nonlinear models input uncertainties and errors may be 

magnified or shrunk; and they may add in a worst-case fashion or cancel one another (Poner and 

Bullard, 1992). 

The paucity of data on the effectiveness of these conservation options has another important 

implication. It means that some of the equations used to quantify the energy savings may not yet have 

been subjected to rigorous validation. Therefore in the following analysis three sources of inaccuracy 

are considered: 1) uncertainties in the parameters specifiel,l-as inputs to the ERA modei;-2)-­

assumptions embedded in ERA's equations; and 3) terms inadvertently omitted from ERA equations. 

In most cases errors of types #2 and #3 cannot be quantified in this report due to lack of data. but in 

some cases it was possible to use limited proprietary data from manufacturers to test for the presence 

of these types of errors. 

Overview of methodology 

The general approach is straightforward. It is based on the concept that one san identify independent 

sources of error. Each of these errors propagates through the system (or in our case the set of 

2 TIle maximum savings could be 2.1 - 1.7 = 0.4 kWh/d and the minimum could be 1.9 - 1.9 = 0 kWh/d. 
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nonlinear simultaneous equations describing the system) and affects the values of the output variables

(in our case we are primarily interested in the effect on only one of them, the energy use.E). Since_

these input errors are independent, their effects can be added: the resultant uncertainty is given by a

root-sum-squared equation. Given that

E = E(x1, x2, ... xn)

and given the uncertainties Ax I, Ax2, ... Axn on each of the independent variables, then the uncertainty

in E is given by

AE = ( [(aE/ax1)Ax112 + ((aE/ax2) x212 + ... + [(aE/axn)Axn]21 }0.5 (1)

In our case we will define Ax such that we are 95% certain that the true value of x lies within the range

x ± Ax. Then there is a 95% chance that the actual value of E lies within the range E ± AE. If these

uncertainties are normally distributed, the upper and lower limits of x may be considered to be

specified at the ± 26 level.

Note from eq. (1) that the result will'be dominated by the largest term inside the [ ] because each is

squared. It is therefore possible to limit the analysis to the relatively few large terms, and to ignore the

more numerous smaller ones. For example the sum of a 10% error due to one of the inputs plus

twenty-one 1% errors will result in only an 11% error on E, the annual energy use.3 Therefore

attention was focused on obtaining accurate estimates of only the largest terms contributing to the total

uncertainty.

This kind of analysis is called "single-sample uncertainty analysis" because it defines the range within

which the result will lie, even if only a few measurements and variables xi are involved.4 The result is

therefore very conservative, mainly because not enough data exist for mean values to be known.5 To

define a more realistic range on E would require two things: 1) more extensive data on the energy-

conserving designs to permit accurate estimation of the mean values of the parameters describing the

improved systems; and 2) a Monte Carlo analysis in which hundreds of hypothetical refrigerators were

"constructed" from inputs xi randomly selected from "bins" containing values in the range xi ± Axi.

The resulting Ei would lie within a much narrower range than E ± AE if the errors combined so as to

cancel one another. We will take the simpler root-sum-squared approach outlined above._Itis_

generally not advisable to start with a Monte Carlo analysis; it is better to learn first which sources of

uncertainty are the most important to model.

3 The combined error is given by (102 + 11(12)1
4 For a detailed explanation of this kind of uncertainty analysis see R. J. Moffat, "Describing uncertainties in
experimental results", Experimental Thermal and Fluid Science 1988: 1:3-17; or S. J. Koine and F. A. McClintock,
" Describing uncertainties in single -sample experiments ", Mech . Eng.. 3-8, January 1953.
5 It is not as conservative as a worst case analysis in which all inputs x were set at their extreme values in such a
manner that all the errors added . The approach used here accounts for the fact that the sources of uncertainty are
independent and are therefore unlikely to add in a worst -case manner.

I
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nonlinear simultaneous equations describing the system) and affects the values of the output variables 

(in our case we are primarily interested in the effect on only one of them, the energy use. E). Sin.ce_ 

these input errors are independent, their effects can be added: the resultant uncertainty is given by a 

root-sum-squared equation. Given that 

E = E(Xl, X2, ... xn) 

and given the uncenainties ~ 1, ~2, ... ~Xn on each of the independent variables, then the uncenainty 

in E is given by 

~ = ([(aE/aXl)~x1l2 + [(aFlaX2)~2]2 + ... + [(aE/axn)~xn]2]}O.5 (1) 

In our case we will define ~ such that we are 95% cenain that the true value of x lies within the range 

x ± ~x. Then there is a 95% chance that the actual value of E lies within the range E ± 6£. If these 

uncertainties are normally distributed, the upper and lower limits of x may be considered to be 

specified at the ± 2a leveL 

Note from eq. (1) that the result will"be dominated by the largest term inside the [ ] because each is 

squared. It is therefore possible to limit the analysis to the relatively few large terms, and to ignore the 

more numerous smaller ones. For example the sum of a 10% error due to one of the inputs plus 

twenty-one 1 % errors will result in only an 11 % error on E, the annual energy use.3 Therefore 

attention was focused on obtaining accurate estimates of only the largest terms contributing to the total 

uncertainty. 

This kind of analysis is called "single-sample uncertainty analysis" because it defines the range within 

which the result will lie, even if only a few measurements and variables Xi are involved.4 The result is 

therefore very conservative, mainly because not enough data exist for mean values to be known.5 To 

define a more realistic range on E would require two things: 1) more extensive data on the energy-

. conserving designs to permit accurate estimation of the mean values of the parameters describing the 

improved systems; and 2) a Monte Carlo analysis in which hundreds of hypothetical refrigerators were 

"constructed" from inputs Xi randomly selected from "bins" containing values in the range Xi ± dxj. 

The resulting Ei would lie within a much narrower range than E ± ~ if the errors combined so as to 

cancel one another. We will take the simplerroot-sum-squared approach outlined above._Iti~ __ 

generally not advisable to stan with a Monte Carlo analysis; it is better to learn first which sources of 

uncertainty are the most important to model. 

3 The combined error is given by (102 + 11(12)] 
4 For a detailed explanation of lhis kind of uncertainlY analysis see R. J. Moffal. "Describing uncertainlies in 
experimental results". Experimental Thermal and Fluid Science 1988: 1:3·17; or S.:J. Kiine and F. A. McClinlock. 
"Describing uncert.aimies in single.sample experimenlS". Mech. Eng .. 3·8. January 1953. 
5 It is not as conservative as a worst case analysis in which all inputs x were set allheir extreme values in such a 
manner that all the errors added. The approach used here accounts for the fuctthat the sourees of uncertainty arc 
independent and are therefore unlikely to add in a worst· case manner. 
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Application to conservation options'

To estimate the uncertainty relating to a particular conservation option, we will ignore for the moment

the effect of uncertainties on parameters describing parts of the system that are not changed. For

example in the case of adding vacuum panels, only part of the foam is replaced. What is relevant to the

accuracy of the model is how well the mean values of the replaced foam and the vacuum panel are

known. In the case of R11 foam it might be argued that the thermal conductivity k and the resulting R-

value for the wall panel known, due to years of experience and extensive testing of this material. In

fact it might be reasonable to assume that the mean value is known with perfect accuracy. In that case

the only uncertainty introduced by the replacement of foam by vacuum panels would be those

associated with the thermal conductivity and thickness of the vacuum panels . Because of the lack of

extensive testing and data, such uncertainties are analyzed using the single -sample methods described

above.

For other conservation measures, however, there exists substantial uncertainty about the mean values

of parameters describing the base case design. Examples include heat exchanger conductances and

gasket heat leaks. Despite years of testing and analysis, uncertainties remain due to measurement

limitations and the lack of standardized tests. For conservation measures involving these components,

uncertainties in the base case estimates are considered explicitly.

In the following subsections the conservation measures are analyzed individually for all three types of

error sources: 1) uncertainties in the inputs specified by the user of the ERA model; 2) assumptions

embedded in ERA's equations; and 3) terms inadvertently omitted from ERA equations. Type 1 errors

are quantified where possible, while the others are discussed in qualitative terms.

Gasket heat leak

The ERA model allows the user to input a gasket heat leak , and it includes a calculational assist feature

to calculate that figure from information about the gasket material and geometry. Typical values for the

main parameters affecting this calculation are shown below:

Internal exposed width _ - 0.95 ± 0.25 cm
Internal heat transfer coefficient 5.0 ± 1.0 W/m2°C
Cabinet skin thickness 1.30 ± 0.38 mm
Gasket thickness 0.43 ± 0.13 mm

An ERA simulation was conducted using these values. It showed that the ERA-calculated heat transfer

is dominated by the first two terms, and that the aggregate effect of all the uncertainties is about 2.6%,

or about 15 kWh/y for a baseline 18 cubic foot model. These results are highly suspect for several

reasons. First, conduction through the cabinet flange is modeled in ERA,'wh-ile conduction through

the door flange is apparently ignored. Second, the ERA model does not allow the user to specify the

most important factors affecting gasket region heat leak, namely the relative positions of the gasket and
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uncertainties in the base case estimates are considered explicitly. 

In the following subsections the conservation measures are analyzed individually for all three types of 

error sources: 1) uncertainties in the inputs specified by the user of the ERA model; 2) assumptions 

embedded in ERA's equations; and 3) terms inadvertently omitted from ERA equations. Type 1 errors 

are quantified where possible, while the others are discussed in qualitative terms. 

Gasket heat leak 

The ERA model allows the user to input a gasket heat leak, and it includes a calculational assist feature 

to calculate that figure from information about the gasket material and geometry. Typical values for the 

main parameters affecting this calculation are shown below: 

Internal exposed widtft 
Internal heat transfer coefficient 
Cabinet skin thickness 
Gasket thickness 

(1.95 ± 0.25 cm 
5.0 ± 1.0 W/m2oC 
1.30 ± 0.38 mm 
0.43 ± 0.13 mm 

An ERA simulation was conducted using these values. It showed that the ERA-calculated heat transfer 

is dominated by the first two tern1S, and that the aggregate effect of all the uncertainties is about 2.6%, 

or about 15 kWh/y for a baseline 18 cubic foot model. These results are highly suspect for several 

reasons. First, conduction through the cabinet flange is modeled in ERA,'while conduction through 

the door flange is appm-ently ignored_ Second, the ERA model does not allow the user to specify the 

most important factors affecting gasket region heat leak. namely the relative positions of the gasket and 
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flanges. It appears that ERA attempts to account for most of the heat gain through the door edge

region as direct heat transfer through the gasket, while in fact conduction through the sheet metal- -

flanges is the critical factor.

Flynn, et. al. (1992) confirmed this fact by demonstrating through finite element modeling that it is the

interaction between the flanges and the gasket, rather than the dimensions of either, that determine the

heat transfer through the door edge region. ERA only allows the user to change the dimensions of the - -

flanges and gasket, not to change their interactions in the ways demonstrated by Flynn , et. at. The

work of Boughton et. al. (1992) and that of Flynn, et. al. (1992) indicate that simply changing gasket

dimensions could yield savings greater or less than the magnitude predicted by ERA, depending on the

extent to which the flanges protrude past the edge of the gasket into the refrigerator . If as the ERA

users manual states, the gasket heat leak calculations do in fact yield accurate results for the base case,

there is no guarantee that calculations of energy savings due to redesign will be correct. For example if

the steel flange protrudes past the gasket, most of the heat will travel through the flange and warm the

internal exposed surface of the gasket . On the other hand if the flange - terminates halfway through the

gasket the internal exposed surface of the gasket will be much colder, and the heat transfer through the

gasket itself will be much larger. The energy savings due' to changing the gasket material, its internal

exposed width, or the flange thickness will differ greatly among these cases, which cannot be

distinguished by ERA.

ERA users must also be aware of other interactions besides those addressed by Flynn, et. al. (1992),

who concentrated mainly on the extent to which the gasket overlapped the ends of the metal flanges.

Heat leaks through the gasket and the sheet metal flanges may be exacerbated by the presence of

mullion heaters and anti-sweat heaters, which are modeled independently in ERA. Also, three-

dimensional heat transfer occurs wherever the sheet metal door or cabinet skin protrudes into the cold

interior to provide for the magnetic door seal. The wall heat transfer equations in ERA do not account

for this 3-D effect, which will lower the temperature of the outer skin and thereby reduce 2-D heat

transfer through the wall.

Since ERA apparently ignores conduction through the door flange, a crude approach to modeling this

effect using ERA would be to add this value to the user-specified gasket heat leak, and use that instead

of the calculational assist.

Another pathway for heat gain through the gasket region, air infiltration, is also ignored in the ERA

model. Manufacturers report that this factor is highly variable, and contributes significantly to the total

gasket-region heat gain of 20 to 25% of total cabinet heat load. (Note that this percentage was

applicable to 1990-vintage cabinets; it could be proportionately larger for 1993 or vacuum-panel

cabinets in the future.) A crude way to account for air infiltration using the ERA model would be to
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specify some "equivalent number of door-openings." Note also that heat leaks occuring on the DoE

test involve relatively dry 90°F air, while in actual refrigerators the infiltrating air will be-somewhat-

cooler but wetter thereby increasing defrost energy.

The reports by Flynn, et. al. and Boughton et. al. were based on laboratory studies aimed at isolating

gasket-region heat leaks from the remainder of the cabinet loads. The more typical situation , however,

is that a manufacturer will test an entire cabinet and compare the result to the ERA prediction. One

manufacturer did this, using the ERA calculational assist to quantify the gasket-region contribution,

and compared the totals. The results are shown in the Table below.

Model Cabinet Heat Leak
Type (w/o Fans , Defrost, Door Energy Usage of Cabinet and System

And Size Openings , Etc.) (Fully modeled)
(Watts ) (kWh/day)

(Actual - Predicted )/Actual Predicted Actual To Error
(%)

Top Mount 21.2 1.71 2.37 27.8
15 Cu. Ft.
Side-By-Side 24.4 2.37 3.11 23.8
20 Cu. Ft.
Side-By-Side 25.3 2.57 3.39 24.2
24 Cu. Ft.

Vacuum panel insulation

A quantitative analysis using ERA was conducted by one manufacturer for a particular configuration of

vacuum panels in a refrigerator having a baseline energy consumption of 686 kWh/y. Energy savings

of 106 kWh/y due to the vacuum panels were estimated by the model . Uncertainties about the

enclosure thickness (± 18%) and panel resistivity (± 10%) combined to place the result in the

following range : 97 < 106 < 115 kWh/y.

This preliminary result was based on the assumption that the , mean value of the foam resistivity (R =

0.58 m2 °C/W-cm) was known with perfect certainty . While this may arguably be true for RI 1 foam

(individual panels may vary due to manufacturing tolerances etc. but the mean is by now well known)

the same may not be true for non-CFC foams. If DoE were to simply use alaboratory test result for a

new (R141b) foam to calculate energy savings , the input value of k might be in error by as much as ±

10% because of yet-unknown differences between laboratory specimens and actual blowing around

vacuum panels; the difference between laboratory test temperatures (75°F) and actual temperatures of

foam in a refrigerator operating in a 90°F test chamber, etc . Factoring this uncertainty into both the

base-case and vacuum-panel refrigerator changes the result dramaticallyfto 75 < 106 < 137 kWh/y.

6

EE-RM-93-801 COMMENT 49
Attachment 4 
6/18 

specify some "equivalent number of door-openings." Note also that heat leaks occuring on the DoE 

test involve relatively dry 90°F air. while in actual refrigerators the infiltrating air will be-somewaat-­

cooler but wetter thereby increasing defrost energy. 

The reports by Flynn, et. al. and Boughton et. aL were based on laboratc;>ry studies aimed at isolating 

gasket-region heat leaks from the remainder of the cabinet loads. The more typical situation, however, 

is that a manufacturer will test an entire cabinet and compare the ~ult to the ERA prediction. One 

manufacturer did .this, using the ERA calculational assist to quantify the gasket-region contribution, 

and compared the totals. The results are shown in the Table below. 

Model Cabinet Heat Leak 
Type (w/o Fans, Defrost, Door Energy Usage of Cabinet and System 

And Size Openings, Etc.) (Fully modeled) 
(Watts) (kWh/day) 

(Actual- Predicted)/Actual Predicted Actual % Error 
(%) 

Top Mount 21.2 1.71 2.37 27.8 
15 Cu. Ft. 
Side-By-Side 24.4 2.37 3.11 23.8 
20 Cu. Ft. 
Side-By-Side 25.3 2.57 3.39 24.2 
24 Cu. Ft. 

Vacuum panel inSUlation 

A quantitative analysis using ERA was conducted by one manufacturer for a particular configuration of 

vacuum panels in a refrigerator having a baseline energy consumption of 686 kWh/yo Energy savings 

of 106 kWh/y due to the vacuum panels were estimated by the modeL Uncertainties about the 

enclosure thickness (± 18%) and panel resistivity (± 10%) combined to place the result in the 

following range: 97 < 106 < 115 kWh/y. , 

This prelim!nary result was based on the assumption that the mean value of the foam resistivity (R = 
0.58 m2-oC/W-cm) was known with perfect certainty. While this may arguably be true fofRI rfoam . 

(individual panels may vary due to manufacturing tolerances etc. but the mean is by now well known) 

the same may not be true for non-CFC foams. If DoE were to simply use a laboratory test result for a 

new (R141b) foam to calculate energy savings, the input value of k might be in error by as much as ± 
10% because of yet-unknown differences between laboratory specimens and actual blowing around 

vacuum panels; the difference between laboratory test temperatures (75°F) and actual temperatures of 

foam in a refrigerator operating in a 90°F test chamber, etc. Factoring this uncertainty into both the 

base-case and vacuum-panel refrigerator changes the result dramatic~tlly,to 7.5 < 106 < 137 kWh/yo 

6 

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle



Attachment 4
7/18

Comparison of these results illustrates another potential source of error: careless extrapolation of

limited test data by the analyst running the ERA model. The ± 10% uncertainty on foam -co nductiv}ty

may be reduced considerably over time as more is learned about the process of foaming around

vacuum panels, the temperature dependence of k-values, and other characteristics of foams made with

non-CFC blowing agents. Until these uncertainties are resolved, the uncertainty analysis must address

all three parameters (panel resistivity; enclosure thickness; foam resistivity); the latter cannot be

neglected as in the case of R11-blown foam.

Other uncertainties unique to vacuum panels cannot be analyzed quantitatively using the ERA model:

For example the "bimetallic effect" of a vacuum panel in a door may cause some warping of the door

and lead to increased air infiltration . Data from one manufacturer indicates the existence of such an

effect, but much more data would be required to quantify it. The ERA model would then need to be

modified to account for the resulting infiltration through the gasket region.

Heat leaks through the gasket region are also underestimated by the ERA model, as described in the

previous section . It was suggested that an estimate of heat conduction through the sheet metal door

flange could be included in the user-specified gasket heat leak. However if this were done, and the

model were then used to estimate energy savings due to vacuum panels, the energy savings would be

overestimated because heat flux through the flange would increase . The vacuum panels (or any other

kind of increased wall insulation) would increase the temperature of the sheet metal to a level

approaching approaching that of the test chamber, while the temperature inside the refrigerator

remained constant . The higher temperature differential would cause more heat to be transferred

through the flange than in the base case without vacuum panels. Preliminary tests conducted by this

manufacturer for four configurations showed that ERA-predicted energy savings exceeded measured

energy savings by 18%, 20%, 47% and 60%, respectively. Part of these differences may be

attributable to 3-D effects such as flange heat leaks not modelled by ERA, while the rest is probably

attributable to the factors quantified above.

This kind of three-dimensional effect, ignored in ERA, can be analyzed using a much -more-complex

finite-difference model. One manufacturer did so for two configurations and found that ERA under-

predicted energy savings by 73 % and 74%, respectively. A laboratory test was then conducted for one

of the refrigerators , and the actual savings were actually 60% greater than predicted by ERA. The

lesson here is that more accurate 3-D models can guide the placement of vacuum panels to maximize 3-

D energy savings and minimize 3-D energy losses. The fact remains, however, that the crude

assumptions in the ERA model may combine with uncertain input parameters to greatly overestimate or

underestimate the energy savings achievable with vacuum panels.
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Alternative refrigerants and mixtures

The thermodynamic property data used by ERA are the CSD equations of state obtained-from NIST

REFPROP 3 program (Morrison and McLinden, 1986). They could be a significant source of

uncertainty because they are relatively crude equations requiring only minimal experimental data.

They were used in ERA because unlike other more accurate equations of state they can be easily

combined to approximate the properties of mixtures. However ERA uses them for pure fluids as well.

Preliminary comparisons have shown that the latent enthalpy of R-134a predicted by the CSD

equations of state to contain to vary by about 1 to 4% from the Martin-Hou and Benedict-Webb-Rubin

(BWR) equations.6 Similar discrepancies are found in the near-superheat regime. The magnitude of

these errors were confirmed by NIST (Gallagher, 1993) who estimated that: the CSD equations

estimate the vapor pressure curve quite accurately (±0.2%); for latent enthalpy errors in the 3-5%

range are entirely possible; and that the NIST BWR equations are the most accurate for R-134a.

Therefore the only way to remove this source of uncertainty from the model is to replace the CSD

equations of state by the NIST BWR equations when simulating systems using R-134a.

Similar errors may exist for other pure refrigerants. Note that this error tends not to be randomly

distributed about a mean, but introduces a clear bias in the positive direction. The direction may be

different for other refrigerants.

The inaccuracy of the latent enthalpy data for R-134a will propagate through the ERA model to affect

its estimates of annual energy use almost proportionately. That is, a 1% error in latent enthalpy at the

evaporator temperature will cause ERA to alter the run time and hence the energy use by an equal

amount. There will be some second-order effects in the compressor model and due to the way in

which ERA handles cycling losses, but these are probably insignificant compared to the 1% error in

annual energy use that could result from inaccuracies in the property data at the evaporating

temperature. Similarly, a 4% error in latent enthalpy at the condensing temperature will alter the LET at

the condenser, (and therefore the EER) as the model holds the user-specified values of UA and

subcooling constant.

Additional errors will be introduced when ERA is used to simulate mixtures of refrigerants. The

interaction coefficients in the NIST property routines are intended to account for such factors as

zeotropic behavior. No quantitative analysis of the associated uncertainty could be conducted,

however, because of a lack of data on the uncertainty of the interaction coefficients themselves, and on

latent enthalpy and other key properties of the refrigerants most likely to be used in mixtures for

refrigerator- freezers.

6 For example at a condensing temperature of 130°F the CS D equations ' value for latent cnthalpy is about 4 % larger
than the value given by the Martin-Hou equations ol'state. At an evaporating temperature of -20° F the error is about 1%.
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The ERA model's ability to deal with alternative refrigerants and mixtures is further limited by - -

inadequacies in the compressor models (see below). Reliable results can probably only be based on

maps of compressor calorimeter data obtained with the refrigerant or blend in question.

Lorenz cycle

Efforts to conduct an uncertainty analysis of the Lorenz cycle feature of the ERA model began with a -

simple attempt to compare model results to the results of a test conducted by one manufacturer using a

mixture of 65% R22 and 35% R 141 b. The energy savings estimated by ERA were discarded as not.

credible because the program predicted temperature glides of only 0.2°C and 1.2°C for the condenser

and evaporator, respectively. These differed greatly from the glides of 30°C and 37°C predicted by the

REFPROP program from NIST. The Task Force member conducting the analysis reported that the

results did not change when the interaction coefficient from REFPROP was entered into the ERA

program.

A second apparent error in the ERA program was discovered when examining the effect of heat

exchanger geometry. To fully exploit the thermodynamic benefits of the Lorenz cycle a counterflow

heat exchanger is required. However due to the difficulty of achieving this goal in practice given the

packaging constraints in refrigerator/freezers , an attempt was-made to compare ERA 's estimates of the

performance of crossflow and counterflow designs. The starting point was input file B6_05LRZ.ERA

which was used by USEPA (1992) in its "multiple pathways" report on super efficient refrigerators.

Strangely, that input file specified crossflow rather than counterflow heat exchangers. When the

inputs were changed to counterflow and the program re-run, the resulting estimate of energy use was

identical.

Both of these findings indicate the presence of at least one serious error in the ERA program, or at a

minimum a serious problem with the user interface that would allow experienced designer to make data

input errors that would lead to such erroneous results. The error(s) in the program might conceivably

have a common cause , because in the absence of a temperature glide one would expect to-see-no

significant difference between the performance of crossflow and counterflow geometries at the

specified design condition (minimal superheat or subcooling).

Because of these problems with ERA's ability to properly model the behavior of mixtures and the

effect of counterflow heat exchanger geometries, the uncertainty analysis was terminated at this point.

There is also cause for concern about approximations made by ADL in calculating the effectiveness of

heat exchangers in the Lorenz cycle. The equation for effectiveness depends critically on the ratio of

heat capacities (product of mass flow and specific heat) of the refrigerant and air streams. ERA
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calculates this ratio using an average specific heat which it determines from refrigerant inlet and outlet

enthalpies and temperatures. However the actual value of this specific heat can vary by as much-as-a

factor of seven or more through the heat exchanger (Conklin and Vineyard, 1992), depending on the

refrigerant mixture selected. This in turn affects the ratio of heat capacities by the same factor. If the

effectiveness of the heat exchanger is small, this error in the ratio of heat capacities will have only a

small effect on the comparison between crossflow and counterflow designs. On the other hand if the

effectiveness is large, substantial errors may be introduced into comparisons of crossflow and

counterflow geometries.

Other simplifying assumptions made in the ERA model will also introduce uncertainties into estimates

of energy savings achievable through the Lorenz cycle. They were identified in the Users Manual

(ADL, 1992); they are not addressed in detail here because the accuracy analysis was terminated at an

earlier stage for the reasons stated above. For example, the heat transfer correlations used to calculate

conductance were originally determined for pure fluids, and should not be used for refrigerant

mixtures because they are known to behave very differently.

Finally the ERA program skirts the major design problem associated with Lorenz cycle refrigerators --

cabinet temperature control. If evaporator areas are optimized for a particular design operating

condition, compartment temperatures could float to (cold) levels that would waste energy or (warm)

levels that would spoil food, depending on climate and door-opening conditions experienced under

actual operating conditions. Both of ERA's "control" options, involving the discharge of freezer air to

the fresh food compartment or bypassing part of the evaporator area, would waste energy relative to

the nominal condition at which the evaporators were designed to operate.

Variable-speed compressors

Recent developments in electric motor technology have created the opportunity for using variable-

speed drives on compressors as well as the fans that move air over heat exchangers. A variable-speed

compressor could eliminate cycling losses, track loads induced by usage patterns and climate, and

increase operating efficiency by reducing-condensing temperatures and increasing evaporating-

temperatures. That is one reason for developing the capability for modeling such equipment.

A second reason for developing better ways of modeling compressors is to be able to predict a given

compressor's performance with alternative refrigerants. Since compressor map equations are both

compressor- and refrigerant-specific, the ERA model includes two other compressor models. Both

require the user to input such physical parameters as displacement volume and speed (rpm), which are

needed to predict how a particular compressor will perform with a variable-speed drive, or with an

alternative refrigerant having a different specific volume and other thermodynamic properties.
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Compressor rating point model The rating point model requires the user to input the EER only at a

single rating point, and then proceeds to calculate its performance throughout the 'map" range of-

evaporating and condensing pressures. However these calculations are based on empirical correlations

obtained for compressors using R- 12. Since the slopes of the compressor performance maps vary

significantly for different refrigerants, one would not expect the ERA rating point model to yield

accurate results for anything but R-12. One Task Force member simulated two refrigerators using an

actual compressor map obtained with R-134a, and repeated the simulations using the ERA rating point-

model. The energy requirements predicted by the rating point model were 5% and 8% lower than

those predicted using the map-based model. It is difficult to draw a generalized conclusion from this

limited information . However it is clear that this data, shown in the table below , provides no evidence

that the rating-point model is as accurate as the more widely accepted map-based models.

Normalized Run Time Operating Capacity Operating EER
Ener % Btu/h Btu/h/W

Top Mount
19 Cu. Ft.
Compressor 1.0 48.0 667 4.75
map method
Rating point 0.948 51.8 613 5.12
model
Side-by-Side
22 Cu. Ft. -
Compressor 1.0 49.4 826 5.05
map method
Rating point 0.920 51.0 776 5.43
model

Compressor physical model ADL's documentation of the compressor physical model was reviewed

by Task Force members who design compressors, in anticipation of conducting a detailed accuracy

analysis. The ERA model requires the user to specify, among other parameters , an "isentropic

compression efficiency " which appears to refer to a parameter known in the industry as "piston work

isentropic compression efficiency". This parameter equals the standard "isentropic compressor

efficiency" defined in thermodynamics texts. modified for motor losses and friction and windage

losses . In addition , the ERA model demands that the user specify input parameters that differ from the

standard parameters familiar to designers (e.g. motor-pump efficiency ; can loss as percent of power,

discharge line loss). Because of the industry 's unfamiliarity with these parameters and resultant lack

of reliable data, Task Force members concluded that the uncertainty on these input parameters would

introduce an intolerable amount of error into the ERA simulation. They suggested that a more accurate

approach would be to simply specify the standard "isentropic compressor efficiency" as the input

parameter that would be used to calculate the power required.
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map method 
Rating point 0.920 51.0 776 ! 5.43 
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Compressor physical model ADL's documentation of the compressor physical model was reviewed 

by Task Force members who design compressors, in anticipation of conducting a detailed accuracy 

analysis. The ERA model requires the user to specify, among other parameters, an "isentropic 

compression efficiency" which appears to refer to a parameter known in the industry as "piston work 

isentropic compression efficiency". This parameter equals the standard "isentropic compressor 

efficiency" defined in thermodynamics texts. modified for motor losses and friction and windage 
1- '. _~ , 

losses .. In addition, the ERA model demands that the user specify input parameters that differ from the . 

standard parameters familiar to designers (e.g. motor-pump efficiency; can loss as percent of power; 

discharge line loss). Because of the industry's unfamiliarity with these parameters and resultant lack 

of reliable data, Task Force members concluded that the uncertainty on these input parameters would 

introduce an intolerable amount of error into the ERA simulation. They suggested that a more accurate 

approach would be to simply specify the standard "isentropic compressor efficiency" as the input 

parameter that would be used to calculate the power required. 
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In contrast to power input, the compressor mass flow rate is computed in ERA's "compressor physical

model" in a much more straightforward manner. It follows directly from the user-specified values-of

displacement, clearance volume, rpm and a relation between volumetric efficiency and pressure ratio

that is hard-wired into the program. This type of model places most of the burden on the user to

supply the correct; nputs , but there are still uncertainties about the accuracy of the volumetric efficiency

formula and its applicability to alternative refrigerants . The greatest uncertainty , however, is tied into

the extremely complex heat transfer phenomena that occur inside the compressor shell between the exit

of the suction line and the suction port of the cylinder itself (in a reciprocating compressor ). The ERA

model does not claim to be able to simulate rotary vane compressors.

Neither ADL nor EPA have published data validating either the physical model or the rating point

model, for example by attempting to reproduce compressor maps for the standard matrix of test

conditions. This is the minimal amount of validation required before such models could be substituted

for maps for constant-speed operation with alternative refrigerants. If such data were available, it

might be reasonable to expect the physical and rating point models to more accurately simulate

compressor operation at conditions significantly different from the 90°F ambient air and refrigerant

inlet temperatures on which the performance maps are based. However, before using such models to

predict the effects of variable-speed operation, there should be some validation done under those

conditions because the compressor can heat transfer (and the closely-related heat loss from the motor

windings and friction losses), may differ greatly from the full-load case.

Because of these deficiencies in the rating point and physical models, the Task Force members have no

confidence in them. In the absence of validating data it is recommended that neither model be used to

predict the power, mass flow or can heat loss as a function of refrigerant properties or compressor

speed. In the meantime simulations involving alternative refrigerants or variable-speed compressors

ought to be based on the map-based model using data obtained for the specific refrigerant (or blend) at

the particular rotational speed being simulated.

Reducing cycling losses

Cycling losses are estimated by the ERA model as a part of each simulation . However the model is set

up to analyze only one conservation measure aimed at reducing such losses : a check valve that would

prevent the refrigerant from migrating to the evaporator during the off-cycle.? Other approaches to

dealing with cycling losses (e.g. reducing the refrigerant charge) cannot be simulated by ERA.

The ERA model simulates steady-state operation at standard design conditions. It then deals with

cycling losses by applying a correction factor taken by ADL (1992) from a report by Janssen et. al.

(1990). If the correction factor formulae were credible, it would make sense to examine the sensitivity

7 One or two valves would be required, defending on whether the compressor is a rotary or reciprocating type.
12

EE-RM-93-801 COMMENT 49

Attachment 4 
12/18 

In contrast to power inpur, the compressor mass flow rate is computed in ERA's "compressor physical 

model" in a much more straightforward manner. It follows directly from the user-specified valuesllf 

displacement, clearance volume, rpm and a relation betwe~n volumetric efficiency and pressure ratio 

that is hard-wired into the program. This type of model places most of the burden on the user to 

supply the correct inputs, but there are still uncertainties about the accuracy of the volumetric efficiency 

formula and its applicability to alternative refrigemnts. The greatest uncerta.inty~ however, is tied into 

the extremely complex heat transfer phenomena that occur inside the compressor shell between the exit 

of the suction line and the suction port of the cylinder itself (in a reciprocating compressor). The ERA 

model does not claim to be able to simulate rotary vane compressors. 

Neither ADL nor EPA have published data validating either the physical model or the rating point 

model, for example by attempting to reproduce compressor maps for the standard matrix of test 

conditions. This is the minimal amount of validation required before such models could be suostituted: . 

for maps for constant-speed operation with alternative refrigerants. If such data were available, it 

might be reasonable to expect the physical and rating point models to more accurately simulate 

compressor operation at conditions significantly different from the 90°F ambient air and refrigerant 

inlet temperatures on which the performance maps are based. However, before using such models to 

predict the effects of variable-speed opemtion, there should be some validation done under those 

conditions because the compressor can heat transfer (and the closely-related heat loss from the motor 

windings and friction losses) may differ greatly from the full-load case. 

Because of these deficiencies in the rating point and physical models, the Task Force members have no 

confidence ih them. In the absence of validating data it is recommended that neither model be used to 

predict the power, mass now or can heat loss as a function of refrigerant properties or compressor 

speed. In the meantime simulations involving alternative refrigerants or variable-speed compressors 

ought to be based on the map-based model ,using data obtained for the specific refrigerant (or blend) at 

the particular rotational speed being simulated. 

Reducing cycling losses i - --
Cycling losses are estimated by the ERA model as a part of each simulation. However the model is set 

up to analyze only one conservation measure aimed at reducing such losses: a check valve that would 

prevent the refrigerant from migrating to the evapomtor during the off-cycle.7 Other approaches to 
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of model results to uncertainty in the input variables relating to the correction factors. This type of

analysis cannot be done in this case because the correction factor is not credible . Its estimates of -

cycling losses are grossly inconsistent with data provided by refrigerator manufacturers.

ERA's cycling loss correction factor is composed of two parts. The first is intended to capture the

effect of refrigerant migration by decreasing COP by 1.1% times the number of cycles per hour.8 It is

applied to all refrigerators that do not contain a shutoff valve. The magnitude of this error is obviously- -

dependent on the quantity of refrigerant charge that migrates, it will therefore vary significantly among

refrigerators. ADL provides no justification for applying this value to all refrigerators, regardless of

charge. Moreover, there is no justification for applying the same factor to refrigerators equipped with

rotary vs. reciprocating compressors. Rotaries have a high-side sump and it takes longer for the

refrigerant (which dissolves in the oil during the off-cycle) to vaporize and begin circulating during the

on-cycle (it must wait for the can to heat up). Since ERA ignores such factors as compressor thermal

mass it cannot model this difference, and the correction factor cannot be altered by the user to account

for the presence of a rotary compressor.

AHAM Task Force members indicated that no correction factor that is independent of run time (duty

cycle) can be credible. On theoretical grounds alone, the percentage error due to refrigerant migration

must increase as run time decreases. To illustrate this effect one manufacturer provided experimental

data showing measured COP for two refrigerators at 40% < runtime < 60% and 45 min < cycle length

< 75 min. These results showed that runtime affected the "cycling loss correction factor" under these

conditions by 10% for reciprocating compressors and by as much as 100% for rotaries. Clearly the

effect of runtime cannot be ignored as in the ERA model. Moreover the variation between rotary and

reciprocating compressors demonstrates that factors other than refrigerant migration may have greater

effects on cycling losses.

The second part of the cycling correction applies only to systems having a shutoff valve. It actually

increases the COP as a function of duty cycle to approach asymptotically the hypothetical case in which

the increase in cycling frequency combines with the thermal mass of the heat exchangers to hold

evaporating and condensing temperatures at levels corresponding to the c ase of a variable-speed

compressor operating continuously with no cycling loss. ADL uses a ratio of Carnot COP's to adjust

the actual COP for the change in evaporating and condensing temperatures . Again, ADL offers no

justification for applying to all refrigerators the quantitative correction observed by Janssen et. at.

(1990) in a single experimental apparatus containing heat exchangers of unknown thermal mass.

To test the efficacy of the ERA correction factor for systems equipped with a shutoff valve, the tests

described above were expanded by adding a shutoff valve to the refrigerators with rotary compressors.

This value is taken directly l'ruin the reference to the single experiment reported by Janssen et . at. (1990).
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Substantial energy savings were achieved, but cycling performance was still worse than steady-state.

In contrast the ERA correction factors, computed for these same refrigerators, predicted a 1-3% -

increase in COP over the steady-state value.

Because of these obvious defects in the structure of the equations dealing with cycling losses, the

accuracy analysis was terminated at this point.

Dual evaporator

ERA represents the dual evaporator system as a special case of the Lorenz cycle, keeping both

evaporators in series and simply eliminating one of the intercoolers. The particular configuration

considered in this analysis has no air exchange between the two compartments , and assumes The

primary mode of energy conservation in this case would be the elimination of the evaporator fan power

and the compressor energy to remove that heat from the cabinet. The only other potential for -

conserving energy would seem to be savings in defrost energy, since no humid air from the fresh

food compartment would contact the freezer evaporator. However such savings would not be

observed.on the DoE test, or in simulations of closed-door operation. It appears that ERA is unable to

model other dual-evaporator configurations that might exploit other types of energy conservation

opportunities.

The base case refrigerator for this experiment was assumed to have a single evaporator, and subject to

the following uncertainties. The conductance, or U-value for two-phase operation was assumed to be

known within ± 10%.9 The volumetric air flow rate over the evaporator is also known within 10%,

and the evaporator fan power within 5%. The combined effect of these evaporator-specific

uncertainties propagated through the model to produce a ± 0.73% uncertainty in ERA's estimate of

energy use.

The dual evaporator system contains none of the aforementioned components, which were replaced by

two static evaporators defined in terms of their conductances and their areas. To ensure that the cabinet

temperatures were comparable between the single- and dual-evaporator simulations, -the areas ofthe---

two evaporators were defined to achieve the proper temperatures in each compartment under closed-

door conditions in a 90°F environment.10 ERA's calculational assist menus were used to calculate the

conductances of these natural-draft evaporators, which are assumed to be known only within ±15%

9 Actually a typical evaporator calorimeter is able to compare evaporators within ± 5%, but the absolute value is more
difficult to determine . Since a different type of calorimeter would have to be used for static evaporators , it is appropriate
to compare the absolute values.
10 This assumption helps the energy portion of the analysis , but introduces great uncertainty into the cost analysis.
The required area might he substantially larger or smaller than the value predicted by ERA . It is made here to enable the
analysis to proceed and yield some insight into the sensitivity of model results to this parameter . However it recognizes
that the cost difference between a single-evaporator and dual-evaporator systems will require a detailed cost analysis
anyway.
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because of the relative difficulty of the calorimetry problem. This produced a ± 1.5% uncertainty in

energy use. -

The energy savings associated with eliminating the fan were approximately 13%. Considering the

uncertainties, the savings are estimated in this quantitative analysis to lie within the 11- 15% range.

However, this quantitative analysis may not address the most important sources of uncertainty.

For example the areas of the plate -style static evaporators are much greater than the area of the single

forced-draft evaporator . If the resulting charge requirements are also proportionately larger, cycling

losses due to refrigerant migration will also increase.

The greatest uncertainty , however, is associated with the temperature control problem, which the ERA

model ignores . Overcoming this problem will certainly make the system more costly, for example by

adding the cost of refrigerant switching valves, sensors and controllers to the extra cost of evaporator

surface areas . It may also increase energy requirements , depending on the control option chosen. For

example exchanging air between the compartments may erode defrosting savings, fans might be

needed to prevent stratification , and pulidown requirements might demand a larger compressor thereby

shortening the duty cycle.

Conclusions and recommendations

This report described both the qualitative and quantitative aspects of the accuracy analysis conducted

for the conservation options listed in Table 1. The options were selected because there is inadequate

test data available to validate the parts of the ERA model used to calculate energy savings. For a few

of these conservation options, limited amounts of test data were provided by manufacturers on a

confidential basis. In some cases it was possible to conclude, based on this admittedly sparse and

confidential data, that certain parts of the ERA program must be improved before they can be used to

accurately predict energy savings associated with certain conservation options . Except for the gasket

heat leak and vacuum panel insulation analysis , the quantitative part of the analysis could not be

completed because of erroneous assumptions and omissions in the ERA model itself. The findings

reported above lead to the following conclusions and recommendations: --

• Estimates of energy savings obtainable from gasket improvements should be determined directly

by experiment. ERA's calculational assist yields results that fail to agree with published data and

experiments conducted by manufacturers, and may lead to errors of 30% or more.

ERA's estimates of energy savings due to vacuum panel insulation may be in error by ±10% due to

uncertainties about enclosure thickness and and panel resistivity alone. Careless use of laboratory-

reported k-values for non-CFC foam can increase these errors to ± 50%. ERA's failure to deal

with 3-D effects apparently led to even larger errors in tests conducted by one manufacturer.
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• The NIST thermodynamic property routines used by ERA may lead to errors in energy use

exceeding 1% for R- 134a. More accurate routines are available from NIST in identical format and

should be used for all R-134a simulations.

• Serious errors apparently exist in the pan of ERA that simulates Lorenz cycles. Repeated attempts

by an experienced refrigerator designer failed to produce a result showing a temperature glide of

the magnitude predicted by the NIST property data. Also ERA's use of a constant specific heat to

approximate the behavior of zeotropes causes the specific heat ratio to be in error by as much as a

factor of 7 as mixture composition changes through the evaporator. This can lead to serious errors

in high-effectiveness heat exchangers.

• For dual-evaporator systems as well as Lorenz-cycle systems, ERA's inability to model cabinet

temperature control strategies and off-design performance introduces great uncertainty into any

estimates of energy savings. A system optimized for operation in a 90°F environment is almost

certain to experience control problems at lower ambients and in response to realistic door -opening

schedules, and the energy cost of eliminating these problems is not included in the model.

• ERA's ability to predict the effects of alternative refrigerants or zeotropic blends is further

compromised by ERA's compressor rating point model because it contains empirical relations that

are specific to R-12 and leading to errors of 5-8% in predicting energy use for R-134a. Likewise

the compressor physical model is deficient because it demands that the user specify parameters that

are unfamiliar to compressor designers, thereby leading to input errors. A simple model requiring

the user to specify a constant isentropic efficiency might be more accurate. It is recommended that

neither the physical model nor the rating point model be used; compressor calorimeter data should

be obtained for analysis of any conservation options involving alternative refrigerants, mixtures or

variable-speed compressors.

• The cycling loss correction in the ERA model should be removed, and refrigerators compared on

the basis of steady-state performance. The cycling loss correction in the model extrapolates results

obtained from a single test refrigerator, fails to account properly for significant variables (e.g.

refrigerant/oil solubility; runtime), and yields results that differ greatly from test data obtained by

manufacturers.

• ThF output format should be changed to display daily energy use to more significant digits. This

would facilitate analyses of parametric uncertainty, and would help designers evaluate more

accurately the derivative of energy use with respect to input variables.

• The user input menu should be changed to accept at least three significant digits for the value of

foam conductivity. The two digits currently accepted are inadequate to support even the three-digit

results calculated for daily energy use, which is extremely sensitive to foam conductivity.

The preceding suggestions are necessarily conservative and negative because they are based on very

limited data. Only few data points are needed to reject a hypothesis, while many are required to

confirm it. The ERA model represents a significant improvement over its predecessor, and might only
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require modest improvements in order to become a useful tool for analyzing impacts of these energy

conserving designs. However it will take considerable time and effort to amass the data:needed to-

improve and validate many of the features evaluated here. Data on this set of conservation options are

very scarce at this time, and are therefore held as proprietary information by the companies that

developed it. Until more experience is acquired with these technologies and data become widely

available in the public domain, the predictions of the ERA model must be interpreted with great care.

A final cautionary note is necessary as a reminder that the ERA model is a design model, not a

simulation model. Even if all inputs and equations were known with perfect certainty, the model

would only be capable of representing performance at a single design point. It could not simulate off-

design performance (e.g. the effect of changing ambient temperature, the effect of additional cabinet

loads due to door openings.) The user-specified input values for evaporator superheat and condenser

subcooling are intended to compensate for ERA's lack of equations describing the mass flow-pressure

drop relation for the capillary tube, and equations that would keep track of the refrigerant charge.

Therefore when a user specifies a different kitchen temperature, for example, the ERA model assumes

that the refrigerator has been recharged and fitted with a new capillary tube designed to produce the

user-specified superheat and subcooling at that new ambient temperature. Therefore a refrigerator

design predicted by ERA to perform well at the design point (90°F ambient; 5°F freezer, 40°F fresh

food) will not necessarily keep food from spoiling as the ambient temperature changes. To predict off-

design performance characteristics such as this requires a true simulation model that models explicitly

the behavior of the capillary tube and the charge inventory.
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Engineering Analysis Task Force
TOP MOUNT AUTO-DEFROST NON- DISPENSER MODEL

Ranking per Design Option Design Marketing Energy
( 1=highest feasibility : 45=lowest ) Feasibility Utility Savings

RANK RANK RANK

1 a) Increased Cabinet Insul. - 1/2" 2 99.3% 36 31.7% 65

1 b) Increased Cabinet Insul. - 1" 6 95.0% 37 20.0% 2 95

1c) Increased Cabinet Insul_-1 1/2" 9 87.5% 38 11.7% 1 123

2a) Increased Door Insulation - 1/2" 1 99.3% 30 75.8% 18 27

2b) Increased Door Insulation - 1" 5 95.0% 34 55.8% 14 36

2c) Increased Door Insulation - 1 1/2" 10 87.5% 35 34.2% 10 47

3) Improved Foam Insul.(ie.microcell) 12 76.3% 21 100.0% 16 33

4) Evac. Insul. Panels (all types) 19 49.8% 2 100.0% 4 71

5) Gas Filled Panels (inert gas) 32 18.8% 1 100.0% 8 51

6) Improved Gaskets 18 53.3% 28 83.3% 27 12

7) Double Door Gaskets 14 56.0% 33 57.5% 13 36

8) Reduced Heat Load for Dispensers 44 0.0% 41 0.0% 40

9) Reduction in Electric Anti-sweat 21 37.5% 10 100.0% 24 17

10) Subst. of Hot Gas Anti-sweat 22 36.0% 11 100.0% 9 49

11) Reduction in Auto-defrost Energy 24 32.5% 7 100.0% 23 17

12) Subst. of Hot Gas Defrost 38 14.5% 15 100.0% 26 12

13) Adaptive Defrost Systems 3 98.8% 18 100 .0% 21 18

14) Improved Compressor Efficiency 11 87.3% 24 95.7% 6 60

15) Two Compressor System 17 55.0% 32 70.0% 44 (3)

16) Variable Speed Compressor 16 55.3% 6 100.0% 20 25

17a) Improved Evap Fan Mtr Effic. 4 95.0% 16 100.0% 11 37

17b) Improved Cond. Fan Mtr Effic. 20 47.5% 3 100.0% 19 25

18a) Improved Evap Fan Effic. 34 16.5% 4 100.0% 35 4

18b) Improved Cond. Fan Effic. 43 0.0% 39 0.0% 41 0

19) Variable Speed Fans 27 27.0% 9 100.0% 22 17

Design Feasibility/Marketing Utility = 100%(Highly Feasible/Saleable) / 0%(Not Feasible/Saleable) : Energy Savings (in kWh/yr
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20) Two Stage Two Evap System 23 34.5%

21 a) Other Cycles - Lorenz 25 32.3%

21 b) Other Cycles - Stirling 41 0.3%

21 c) Other Cycles - Gas Absorption 39 14.3%

21 d) Other Cycles - Thermoacoustic 40 0.3%

22a) Impr Evap HX - Increased Area 7 92.5%

22b) Impr Evap HX - Enhanced Surface 15 55.5%

22c) Impr Evap HX - High Thermal Mass 29 22.0%

22d) Impr Evap HX - Integrated Surf 28 24.8%

23a) Impr Cond HX - Increased Area 8 91.3%

23b) Impr Cond HX - Enhanced Surface 31 20.3%

23c) Impr Cond HX - High Thermal Mass 30 20.8%

23d) Impr Cond HX - Integrated Surf 26 27.3%

24) Alternative Refrigerant 45 0.0%

25) Impr Expansion Valve (electronic) 35 16.3%

26) Fluid Control Valves 13 66.0%

27) Location of Compressor & Fans 33 17.8%

28) Use of Natural Convection 37 16.0%

29) Electrohydrodynamic Enhanced HX 42 0.0%

30) Voltage Controller 36 16.0%

L.J. Swatkowski - AHAM Chicago 03111/94
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73.3% 3 78

80.8% 12 37
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0.0% 36 3
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0.0% 39 0

100.0% 0-

i

___, t naln(Nnt Feasible/Saleable) : Energy Savings (in kVt

EE-RM-93-801 COMMENT 49
Attachment 5 
2/2 

20) Two Stage Two Evap System 23 34.5% 31 73.3% 3 78 

21 a) Other Cycles - Lorenz 25 32.3% 29 80.8% 12 37 

21 b) Other Cycles - Stirling 41 0.3% 17 100.0% 7 54 

21 c) Other Cycles - Gas Absorption 39 14.3% 44 0.0% 36 3 

21 d) Other Cycles - Thermoacoustic 40 0.3% 14 100.0% 15 34 

22a) Impr Evap HX - Increased Area 7 92.5% 26 95.0% 29 10 

22b) Impr Evap HX - Enhanced Surface 15 55.5% 5 100.0% 28 11 

22c) Impr Evap HX - High Thermal Mass 29 22.0% 25 95.0% 31 7 

22d) Impr Evap HX - Integrated Surf 28 24.8% 22 97.8% 32 6 

23a) Impr Cond HX - Increased Area 8 91.3% 23 97.5% 30 10 

23b) Impr Cond HX - Enhanced Surface 31 20.3% 12 100.0% 34 5 

23c) Impr Cond HX - High Thermal Mass 30 20.8% 27 95.0% 38 2 

23d) Impr Cond HX - Integrated Surf 26 27.3% 8 100.0% 37 3 

24) Alternative Refrigerant 45 0.0% 40 0.0% 42 0 

25) Impr Expansion Valve (electronic) 35 16.3% 20 100.0% 25 15 

26) Fluid Control Valves 13 66.0% 13 100.0% 17 Z9 

27) Location of Compressor & Fans 33 17.8% 45 0.0% 33 5 

28) Use of Natural Convection 37 16.0% 43 0.0% 45 (15) 

29) Electrohydrodynamic Enhanced HX 42 0.0% 42 0.0% 39 0 

30) Voltage Controller 36 16.0% 19 100.0% 43~ O'c' '. 

LJ. Swatkowski - AHAM Chicago 03111194 

---- -, 
-~-...o.c:---=-=-~.;o=-_~~.~_ ~_¥ _ 

. --.. " "-~'" .... ---a ... I_/~ .. I<><>hl .. \ I nO/niNot Feasible/Saleable) : Energy Savings ( in k\J\ 

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle



L/ERA Ana lys is (12 .2 31, . 9;3 )
AHAM Data Request

1290 -r

1280

1270
(i

1260
U)
0
U
V 1250

1240 +----

1230 --^

700 680 660 640 620 600
Annual kWh/yr

I I

580 560

i

540 520

-®- Company A -- Company B --®- Company C --®-- Company

EE-RM-93-801 COMMENT 49

t--.. -c 
(lJ 

E 
£ 
U 
o -~ 

LBL/ERA Analysis (12.2~.93) 
I 

AHAM Data Request 
1290~-----------------------------------------------~ 

1280 ..................................................................................................................................................................................................... -............ -........................... -..................... -.-.... -............ -........................ -.-.-.-............... -.-.... -............ -.-.-.-.-............ -.-.... -.... . 

-~ 
~ 1270 
Ol 

.... _ .... ,- ...... _.-._._-................. _ .... _ ............... -.... _._..... . ... _ .... _ ..................................... ,,_ ..................................................... _._.............................. . ............ _ .................. _._._._ •........... -.-.-.-.-..... ~ ......... -.-.-............... -.-.-.-•........... _._.-._.- ............ -._._._ .... . 

J!} 1260 
tJ) 
o 
u 

81250 
...J 

..... _ ....... _ ..................... _ ............... _._._.-............... _._._._ ............ _._._._... " ....... _._._._ ............... _._ .... _ ............ _._._._._ ...•........ _._._._" .. . 

1240 .... -................ -.-....... . ...... -.-.-............... -.-.... -.-............ -.... -.-............... -.... -............... -.-.-.-............... -.-.... -............... -.-.-.-...... .-.... -..................... -.-............... -.-.-.-............ -.-.-.-.-............ -.-.-.-............... -.-.-.-......... -.-.-.-.-............ -.... -.-.... . 

1230+--r~--+--+--r-~-+--r-~~--+-~~--+--r~--+-~ 

700 680 660 640 620 600 580 560 540 520 
Annual kWh/yr 

[ ~ Company A ~ Company B -®- Company C ---- Company 0 
--------------------------------------------------' 

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle



E.E.R. Reassessment
E.E.R.'s Avai lable in 1 998
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INDUSTRY PROPOSED 1998 ENERGY EFFICIENCY STANDARDS
FOR REFRIGERATOR/FREEZERS

Product Categories Adjusted
'Volume

Equation Percent Below
1993 Standards

Top-mount without dispenser 21.19 11.0 AV + 315 21%

Top-mount with dispenser 24.94 11.0 AV + 385 20%

Side-by-side with dispenser 26.05 11.0 AV + 446 23%

Side-by-side without dispenser 27.39 5.0 AV + 514 21%

Bottom-mounts 24.72 5.0 AV + 496 20%
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Aasusptlaw:

(I) E*ergr saa.rs.pdom far Ibe bwliss ad for each 4ca3 , cptlm wvto obude.d float an ERA .ismdstloa of ss scrod Si tibia boot snom+al-definer roMg e.tot. A otuot oo footer ci 0.666

applied to der ERA valves in odes to ooeovett far 4hw diOcrosca boiwecn the .iawtarod and the ,owl budioc wage
(2) At.ard 'aetass coil of trio bawtime trait xn obtaiood by d'nidlag lb. rde11 price of a 6 cull srew1.4c& re5igvvtar6ccw Gin 1992 193 WRwiatu SEARS "Worm by the The mwkW .
(3) Eleotridiy coil - 0.01$ $1Wh (mrsge "din 1991 obtained On.a ftt lntapolat 'am of the 1 99$ and 2000 ptim of deebiohy forocaet 1a DOE , Attaual Eca gy

Outlook 199), inflated to 1992 dolls.). The iaapoWcd nb.a (for 1991)1.0 .012 11116% (1991$). Allot odj.giog for inflation Gem 1991 to 1992 , it bccomc.0.00$ 511 Wk
The eteWicay pica wu dm adtMcd by an ad_ fidor for nMiga,tom of 1.04.

(4) lniiall.liom cod majAwwAs eo*M an mot iootod,d M the abvtv ,eki.Mloae.

t1) Litotes. -11.3 Item
(6) blstap faeta- 2.3. Ibis rgptc,e.& du swags of *rido fe tee. IN Ibis p.nd.ct Gifts bt the 1919 TSD.

(7) 8aodiom s spcrawr anal0.440,gaX eavicata sea is 0.22,gta

(1) Becrtas .o.tlvee.or EER it 2.65

V

Afamdl. b+cr. Mfr Retail Aasuol A..scal Cevauldiv.

Coat Cog Price Energy Uac Eaagy Cog P. back

(1992$) (1992$) (19925) (LW).) (1992$) Vas)
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IA'"CI 

0 

I 
1 
3 
4 

..... a ._ .... _ .... _ •• ~ ••••• __ ~..;.... __ _ 

Lira Cj';10 CoN IIIId 1'.)'*" I'crlod. of '.S CGft M--'·Dc:6ua Il.rripd« 
ERA S"~ DnftVcnJo. 

MIIIIIItr •. Mfi IlcteU A-' Annul C_Wiw Lifoc:yoIc Coob C-'atinOCB 

Ofdoa eo.. eo" Price ~Uoc &ctIl)'Cott P..,,,.d: (lmS) 

omS) oms) (Ims) (\\\'Il) Oms) (}-an) 4% 6% 10% 4% 

BASB-INE S9US . mo.oo 3'7.1. 13U6 lNAl SSOUS S480.U ~l3.39 NA 
., .. l.U EER ec.,.- gUS SUO snU9 nUl U4.l1S 1.21 s.46.H SHUS SlIUl SI.10 
I • ~Ewp:ntGrmswr- SIOOoS' suo S131.2. 16S.66 SlUI 1.26 smoSl S4lt.11 $315.0 SJ.23 

1.EnbIood~m ...... • 5111.16 suo $131.61 261.21 In" 1.3, SHUT ~IUI SUU8 51.33 
) + llodoIoe o.bC IW LaIc 5101.16 SI.OO sn-Ul lJU4 Sll.S2 1.52 SU6." J.C16.0l Slll.43 SUO 

............ : 
(I) u..,. 00IINIIIpII_ for ...... n. .. rot MCfI4alp opCioft " .... oIltadntd '-aa ERA .laIuJadoIa of aallGtDel S.S COII>ia lOot 1118D1I4\-4dicd NlifpatOf. A oomlllion 10QI.0f' of 0.666 _ 

Ipplic~ to ... BA val ..... __ 10 __ fer ... ia'_ bc4weaI the lind ........ the -.. .... iI!O-... 
(l) .. ~ 000t orb '-'Ilae .... _ oLbiaDcl bJ .nidIaJ dot ... 11 pOC"C of. 45 ouft ~-4eIroat edip1dol-6=- rr- I ~l fall\wia1cr SEARS c.Wopc by doc dot ....tcvp tIdor. 
(3) EIedricItJ __ - O-","'NIl (1IVCI'tfC __ In 1m obIalnecl t- ",lnlapolat. orlho 199' IIIId 2OIIO.,no.. of dedrloity 1 __ 1n OOE'. AazmaI E--p 

Oodlook 199', iaftateol.o 1m ~~ Tho laIapolalc&l \'II'" (lor 1m) 10 0.011 $.-1 .. '11 (I 991 S). After ." .. Iia,lor inIlalion rro... 1991 10 1991. it l>oc:omc. o.on SlkWlL 
The .\~, pioo wu _..tjIIIIod '" aa __ Jioc:tor lor n&iacnIon of 1.04. 

( .. ) lnIIIaIIdiOllIllCl ...... w ___ we aotlDol...w laIN abo\ .. oeJculatlom. 

(S) Llrcdaat ... u,..... 
(6) Mdupfldoro U. no......-. ... even .. of~"~ b this ~ ~Iau.u.. am lSP. 
(1) Bud_ ~_ .... 4I ~oondcMct _a It 0.21 tqa 

(I) B_rUM --..-Uk .1..65 

\ 

(--....lw\) 
6% 

m 
sue 
SUT 
Sl.U 
51.61 

10% 

NA 
SUl 
sua 
SUI 
U.Ol 

Duly 
eye .. 
(%) 

51.2% 
56.9% 
49.91~ 
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Life C3ole Coots

ERA Siedtior:

and Psybeck

Drift Yas)oa

Paiodt or 29 cult Partial Arco-Dccod TopJNamt keSi sta•Prc®zv

Lnd

Mtnotr
Cwt

Isaf. M
Car

Road

Pries

Awwal

Euaigythe

Amrs.l

EttagyCoot

C cuulMivo

Puts*

LIR cyols Cuser

-(1992$
con"Ve CCE

(c a L&Wh)
D1q
cram

(1992$) (19923) (1992$) (kWh) (19423) par.) 417 6% 16%- 417 6% 10% COAY

0 BASELQ4E $93.6$ 3220.00 410.01 $36.09 NA : $34190 $310.10 MISS NA NA NA 11.2%
t 3.33 ERR OwWoloar 191.13 32.10 3224 .13 363 .67 532 .00 1.11 $311.27 $412.10 3433.13 $1.16 31.29 $1.31 731%

2 I + EttMrto.4 Coadwwr lIT swam 391.46 $0.71 3226 .17 333 .34 $31.29 1.3$ $306.32 1171.00 5932.79 $1.33 $1.41 $1.10 76.1%
3 2 + Rad.o. Qaru91tes1 L..k 3100.19 $1.73 3730.41 311.01 $30.63 1.91 $304.33 $474 .63 5632.31 $1.11 $2.09 $2.33 732%
4 3F  lncs ss.d Evep.rda An* $103.33 33.34 $242 .72 339.63 329.09 3.66 $310.22 $412.91 $439.79 33.60 11.01 $4.19 71.3%
5 4 t R.dus Ar"vrtd firs! $116.09 310.16 3267.01 339.01 $29.04 7.32 3534.01 $506.01 • $163.76 $7.40 $724 $1004 71.3%

Aauoipdon

(1) Escigy.ou.ajd.a for tbs bst.Sm and for ssck daiga optics vtas obt.b cd iom on ERA iaalatloa of ma sctsal 29 oubb foot patiid &d*-dctcad topoooc6 tW . A omoctim filar of 0.766 vrm

sppllad 9s Ib. ERA v.l.a is ordcf to sooeud f.0. diQW=o. 6etwvss Se rimsltcl and tb. .cbwl basliss wgs.

(2) Ntanubot usr cod c( As bs.ei'a wit vae ebt.incd by divi/iol the nWi pr1e of & 2. cult wamal-delod topoos.t fcki/astarIc t iota 1992/93 falhwiaecr SEARS o.slogss by Or. dx imp (solar.

(3) Electricity cost - 0.0*1 $4tWI (.Hap cost Sr 1993 obtiuwd 8om se istorpolatios of ihs 1995 sod 2000 pdom of slkdtiaby fotoead M DOES Amud Eacr1Y

Outlook 1993, intl.tod to 1992 doUms3 TM itapoldd value (for 1991)1.0.012 S:k%7t (1991$). After edf utiol for idistiou from 1991 to 1992. It biasses 0.00$ $'b Wk
T1c cieetticiy pains was tSea.4..tod by an endure root.( rutrumsatdon.11.04.

(4) Indsp.don sod welatosso . cods we sot breldd is ti. .bors oskaidlotts.

($) Li(cdme -11.3 yeas
(6) blsalca' Bodo.- 23. N. npaacol do wvmge of m.tksp hula.o for this ptodud don in do 1919 TSD.

(7) beams. sve{ocdor us. Is 0.0% am sordssaer us. Is 0.21.gs

(1) Rssf rs oorqu...or EER Is 3.11

I

t

J
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l.",'d . 

• , 
2 
1 
4 

S 

til. ~c Com ad Pa~ Pcriodt or U RIA PII1iaI ~c6ott Top..Mo-t kc6ipdor·FrulCl' 
EM Simahtioa: Dnft Vo.,. . 

t.c-tr ~ ... Ilt RMll .AJnIIII ~ o-alMiY9 urcc,..I. ec. ~"..OCI! 
o,cb COIl C04IL Pric4I tDnJYUM Eau.,Cott P~ (1m$) (-"~) 

(Itm) (lmS) (lms) (lWll) (l99l$) ()-ean) 4" i" 10~ 4% fK 10% 

8ASEUNE S9U' . mo.OO 410.01 SJU9 NA, SHlP8 SSIO.lO £U1.SlS NA NA NA 
• t US EU eo.p.ar 191.1S suo SUUl "U7 1)200 U8 SSII.27 ~8U' SUUS Sl.lf 11.29 sua 
I t ~c-s.-HtIwf8oe S91..4C $lUI mU1 m.u SJI.29 us $Souz S478.O. S4lU9 SU3 11.41 SUO 
l .. lt"-o.bIHN4 ..... SIOU' sl.n SlJO.44 341.01 SJUl 1.91 S504.SS S41U1 S4JUa sua nag sus 
) .. ~Ewpmb"'" SIOS." SU4 1142.12 :JlUl SlU' 3." 5510.n S4n.9' S-UP.19 SJ.M SUI S4.l9 
t t R .... .AIItI-S~ IW SIIUP SIU' Sl61.01 3)U1 SZU4 1.Sl S53U. S50UI . s.uUi suo SU4 S80.04 

Auuaiptione: 
(I, £anJY --..cI- b ......... -S lorRdt 4cM. opIioa __ obl6lno4 ,-.. ERA • ....,10."'_110 .... U outdo looe putial aaIcHIc:&cot Iop1Doud rdi~. A ~ ~ 010.166_ 

....... w .... EIlA __ ........ __ "" ... ~a.cc- ... .u.D ... _ .......... _I .... ... 

(1, t.~ ...... clIfI. '-el"''' _.LcroiMd '" diVU .. ' ... ntaIt pdcc Gf. 2. cuft ........... htl,~ rdlp1dor-'- hMl99lJPl ratl\winIca- SCARS ... 141.,..'" !be 6c _bp feo&ar. 
(1) Elcctricity04Ml-o.on st:1'4 < __ pGOod,l", obtainedlaa_~l.tiot1ofth.I!l9J .... 2000pd_or • ........., foroclld IdXlE't AmualEDcrp 

OatJook 1m. Inn ...... 1m 4oUan). The IIdcrpottlt4 ftl .. (Cor ."., .. o.on lik\\'b (I"IS). After ~Ulin. Cor Wbtioa &-a.a ,,,. 10 'mil a.-- o.OIJ SillWIL 
~ cl.ctricll, rdoe ". ... 6ca ....... .., In m.t.. raoe- Currafii .... .aon .f I.O~. I 

(~, ....... 1IIdoan _....LrIc.-. ....... IIOt.,... .. III. at-. oeIct4"'_ 
(S, LUCd.ne -n., J'If'L • 

(6) a.1uhp,..... 23. nit ........... .,.... .. oCralllbp (ecCore forth," ~ cI ... in .... I"' lSD. 
(7) 8-r_8WfOIIII« - .. o.oH~';""""_ .. 0..21 .... 
(.)8ueIiIw ..... _EEa.,.1I . 

, 
i 

\ 

. ! 

DuI)' 
CygJe 

~r 

18.1% 
Ttl% 
lU% 

1J~ 

11.3% 

71.3" 
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Life Cyok Cods sod Paybsek Pedodr of 3.3 VA Auto-Detest All-Re0i .

ERA $tnaietiw: Dean Vanden

Dptian

Rfaattdt Inst.54k Aenul Aeeaal Cetmrhuivs
Price Eoergy tbo Energy Cod Psgb.cl:

1992$) (19921) (1992$) (kV1
Cod Cost

4%

Lifooyole Cats

(1992$)

0

CCP

(oeaatelkWh)

10 6% 10%
Cycle

)

BASELINE 176.32 3176.00 313 .29 $31.51. NA $637.00 5390.05 $313.62 NA NA NA 69.69:
0 4 333 EER Coa,psuot $7$.62 $2.10 3110-83 319.63 $43.13 $390.11 $348 .43 $412.35 $0.52 $0.92 $1.12 69.3%
I eRiduaCecicisailenalpist Main Power 5113.12 $4.30 $191.15 461.96 $41.21 1.41 $560.3 3 $ 522.94 $463.30 $1.46 $1.62 $1.95 69.3%
2 t (amasses Caaderat Am $11.53 $3.41 $203.63 447.59 139.41 2.29 $536.40 $320.40 $463.32 $2.23 $2.50 $3.03 66.9%
i3 t lsasaae Evysotalor Am $99.36 110.13 $225.33 421.93 $37.13 3.45 $160.15 $327 .03 $47331 $3.39 $4.00 $4.50 $33%
14 + Re" Oaskd Leak $104.63 $3.27 $240 .65 416.60 536.67 4.36 $360.54 $333 .42 $432.43 $4.77 $1.52 $4.6%

(1) Eaagy sssssmPtioet foe thebaaIaa ss1 fare" desipe opdoo waa ",84 froae an ERA aiendsilo. Of OR natal 3.3 eublo tool oyelioldeltea t.0i . A 1.11

appiisel to 16 ERA velnes 1e oedet at soootset for lbe eliB6reaaee botwoss des aemlated and lba setual baselke sage.

(2) htesu('aaser ooR of lba ba.Gse wet was obtalssd by d'oidiag lbe es vActum in cilad retail peiee by the the su kh factor.

(3) Elaotaioity east - 0 .01$ f11F7a (average sod k 1995 obtairod Iran as Wcalwlalioa ofthe 199$ cad 2000 pe(oea of eloetrieity foreoad k ROIL Aaawal Emrp

Owdooh 1993. bdlaeod to 1992 dollan). The ktcrpolabd value (lot 1991) is 0.032 &k VA (19913) Met s4eting foe WIstion bon 1991 to 1992, 11 ►oooma 0.01311k Wb.

The deeteielty pti0c was then fleeted by as c s se factor for radigastors of 1.04.

(1) Imtdlsdon and ealeateaaaae oars an ad htebdad k lba above aiwddioss..

(3) LVVA=o -113 yeah.
(4) Mabee (se4eat 2.3.71e1a tepees ds do amass of eaticaep (select Not tbls paodvet slam ie lba 1959 M.
(7) Baeriaac Compesasor ERR 3 .11. E iponlac and condenser attar, 0209 atd 0.76 no respoolively. Coadeaaer An motor power, 12.0W

r,

N

1
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1 
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,,~ ... _ •• _ ____ • ___ ., •• .' ......... J .. .............. ' ......... _ .. I..'~~" .:. .. ~.:~ .. .... 

OpIiQII 

BASalNE 
0" US EER c.r.p-
I .~C .. B_F.~r-. 
ltr--eo. ..... A,M 

)"~E~""'" 
4"~0ukd""" 

. .... - .......... -....... . 
We CyIIIt CcKII-t Pa~ Pedocb ofl.' c:v:ft A~Dc6'oIl AlI·IWri~. 
ERA. Si8IIIIdiCIII: Dn1l Vcn!CIl 

........ Incr ... ffr R&Wl ~ Aauuaat c-.Idiw 
CoIl eo.t Price E.-.yUlc EactuCoct 1'1I)becti; 

{199m JI99ID oms) (kWhJ (l99l$) ~l 

17U2 . 1176.00 ''',19 "1.5' . NA 
nU2 Sl.lO Slio.1l S1Ul .. ,:u ~u. 
SU.12 ".SO SIPI .• I 461.96 S41.2l i' U8 
SIU) SUI 1201.6) 44U9 &39.4\ . UP 
199.]6 SIU) $221.5] nus $17." ,us 
SlOU] un S24US 416.151 536.67 4.36 

lifOOJ'011I CoQ 

(Ims) 
4% 6% 10% 

S6noo ~".os $515.61 
$S90.11 ., ... .0 mus 
1S60.JS SS2l.P4 $4$).30 

S556.44 $S2U8 $46).n 

suo." ISn.t] $4n.37 
$S6U. "n.n s.m.41 

~: . 

~CC£ 

(~WIa) 

4% eK. 

NA NA 
$O.n son 
au, un 
$1.1$ $l.SO 

$l." S4.01 
S4..2J ".7'1 

(I) E-.,y --rtI- fcc dtt ......... Car '"" ....... cpUoaWWll obtI .... rr- &II ERA al.aMaIion of IIIIIIICCMaI U ~io 1001 o~llol...tdCIIIII rc6ipnaklt. A ~ 6dor clUI "-
aJlllW ..... ERA YIha .. ..&t .. __ h'" cIJI'ar-. ~ II. aimat.tadllll<llba IICktI a-.u.._ ... 

(1) t.loou{ ..... OOIC~'" .... liM ..ut "'" obI.a-t.,. IM"ill' ... -.6oturw .... caled Rblt price., lite III. -..... fac~. 
(I) EJocIrioitJ COIl- 0.0" '1'.,.11 (_Ie 00tt ID Im .. 1nocI ha_ kClJlOlalio. or .... 199' "1CIOO pc'- of clodricilJ fOf'CO&I\ IA lXl£'e ~I EoqJ 

Otrdoo&: 1m. io6Ied 10 1m 1foIIan). l10c 1Mapo ..... "eI .. (few I "') ;. '.012 Stu. ... (l~lS). Alcr ~ fodDO •• ion Irora 1991 to 1m. it '-mea '.01S SlkWL 
The dOOldcily pioc _ dIcft~"" ..,. .. 'eado!Ie fKCor few rc&iplllotl or 1.04. 

(4) ...... 1sdoa ..... ",v _ ___ DOC ~ .. dIe.a-,. ca!oufatl-. , 

(5) Ul'IIlIIae., U ,.... . 

(,)a.t.bp ..... 1J.1Na ............ _ .. .,-tup .... '" ddt ~oIAIIlR &U ""TSD. 
(7) BaIe_ eo..,.-EI!R 1.11. &~ ""~..-. UO, NId 0.16 .... fCII*lltwl,. Coa~ .. motor fO'WCI'. IUW 

I 

\ 

'. 

\ 

I>wty 
C)clc 

10% (%) 

NA 69.6' • 
11.12 '11.3% 
SUB H.m 
SUS 66.9% 
s.us SU% 
SUl SoU" 

W» -­....... -e 
o 
::Y 
3 
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..._.._.........._....-..._._._._._ .........•......iii.:-s^r•:w^m.•.:.i•J.4.. ... ^..:..... ...31:::L:_: '•1.'1 I ^.r

Lmsl

BASEUN£

0 + 3.35 EER Ceeoprwsa

I + Rcdyos Coadera Fen mots Power

USe Cris Cods sad Paybsek Periodi of 3.5 &A AsAA)drodRsf holier.

ERA Siteolattos: Omit i aide

M.nssrr 11". W Rd.il Armw1 Amid courA tis$

Cost Cod Prioo Ese4ry Us* Eaap Cod Payb.ck

(1992$) (1992$) (1992$) (kWh) (1992$) (yeah)

$76.52 $176.00 418.72 136.85 NA
$78.62 site $180.83 380.22 333 .46 1.43
583.12 34.50 $191.18 331 .54 $29.18 1.98

I,I4eycle Code

(3992$) -

$507.80 5472.21 $41896
$480.30 $449.31 1401.45
3472.31 $425 .72 $383.36

4% 6%

NA
$1.40
$3.93

Awmaptimu:

(1) Enerp ootwmpdom tar 6i bere6e and tar oasis dosip option wars obtrinod five ea ERA ebsadatioa of es actual 33 c4$o foot 0)01101 dcfiost tefrirenlot A satrodae fsxlat of 0.872

4pprsd to dos ERA wabsw Is erdn to acoo.d fa Ow diffarwroe bsMca the molded and 16 actual baerms wars.

(2) hl.Avikiunr o4et of the beaillw exit see ohtaised by s idia8 dos atsnufoAw.r arrss .d mail rim by the the awkty (odor.
(3) Eleotrioky ood - 0 01t SlItWI (atrnrs cost la 199E obtabsed five an inttipolalioo of the 199$ sad 2000 riow of electricity forecast in DOEa AsmusI Eoop

Outlook 1993. bdiwod to 1992 dorm). The iAapolwted value (fa 1991) ie 0.012 LkWb (!9915). Alta s4jedtor ror inflation fmm 1991 lo 1992. It booomr 0.015 Sot Wk

7hs dcotricity price was dtca 84seted by .a wdmt facia for rtiiraaton of 1.04.

(4) I nstaRa o and smemteamsee costs an ad ineledod 1a the above c.lotdstiom

(5) Liraiae -11.3 yawn.
(6) hfwkop factor-13. The sepesaac do avw are of eakap Woes for lids product clam in 0.. 1919 7SD.

(7) Bas.rmct Caap c.cr EER 3.11. Coadtoar ton asator po+ver 12.0W

I0A

N.A NA
5136 $1.90
52.17 5264

Duty
Cycle

100.0%

100.0%

100.0%A
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... ~._. _ .. _. __ ._ ..... _._._.~._ .... _.9' .. _ ....... ~:.-.:.... ............ ldI.t.~~ .. .c ........ _~ .. .;. ... _"'!-:.1J!!~,~ :.::: 

Oftice 

BASELINE 
() + 3.55 EER c-,c-
I + RcIbt c-t- f_),ioIor Powa-

AuuIfd-: 

W= Crolo COIb...s ~ Pniods of l.' DUI\ A~ JU:Iiiacnlar. 
EltA.!~ DnA,' .... 

t.c-tr In«. Mft 1t .... 1 AaPa1 /uDIIl 
COIl Colt J'rioo E.....,tM &a-pCod 

(lms) (lms) (lmS) (kWh) (I992$) 

$16.52 . SI16.00 411.11 SlUS 
nUl Sl.l. S1I0.13 31U2 UHf 
S.3.l:1 SUO S191.11 331.5. $lU. 

CIIIINlal.h .. LUocycI; Co.u ~OCE 

P.,t>acIc (Ims. (OCIIJ\dM) 

~) 4% 6% 10'" 4% 6% 

) NA S5OS.BtI 1412.21 ,",11.96 NA N.~ 

.1.4) $180.30 S«Ul '"'01.45 suo SU6 
UI ,",51.31 $flU! sm.36 sus S1.n 

(I) EftCrJ1 ~_ b .. __ ..t r. ... _I ... CIfI.ioa wae ~ ~ III ERA .bldatioa of .. aGtueI3's CNbIc loot V)'IIl1ol-dcft-od rc6iacn&or. A conOlltioa fidat of un _ 
.."W to dleDA .......... ~ .. _ ... 1«'" .~w-.1Iao .llIIIIbled ....... __ I bMcu.'*"F-

m M.,.."'lurw .... or .... t.et1M tIIit ... ,lIlt.llled II, "ridi_,,, lliIIllrMlllff ........ d ,....iI ~ ~ lII'tile 1iUIIII"Il fllClw. 
(l) £JC01rloltJ oo.t - 0 .... "11& (ann •• COlt" 1m ~ "-_ iDlC1}'OIatioQ of Ibe I99S _II 2000 rri- oC dcwJcil)' for-.., In DO£'. Annual E-v 

0ud00It 1m. a..n.w to I"Uol .. ). Tho .... Cfl'Olatc4 ftlue (lOr 1m) It '.on 1-\9 ... (1991S). Allor ecl.iadlaa ror W1a1ion hm 1991 10 1992,. (t ___ o.oU "WIt. 
Tho III~ prt ... _ ..... ..,..., 111 __ fiod« lorrctip.1On oIIJ)". 

(~) INtaLiiOllan4 _~. -c. ... 1IaC lncf...-,.. .. abow ceW ... -. 

(5) Urct ... -I U,..... 
(') M.n;.,p f'ac&oro 13. 1\1t n:prcaadI lSI. 1 __ " oe .... twp fact"' for dUe prod..c:t .,1 .. in ilia 19&9 TSD. 
m Bu.4rlMl~EER '.11. ~"'? lMlorpo"U" n.ow 
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It% (%) 
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Lifer Cyder Cow ad Payback Pedob at S ordt Manwl Dchod C Led Fcc zet

ERA Simmdadoe: Do& Varies

M.cd'r

Cad

(1992$)

leer. MEi Recd)
Cod Prise

(19fl$) (1992$)

Ameaai Awr9

Encr17 U.c Eaerl1 Cod

(kAb) (19922 4%

Lifto)cle Code

(19$)
6% 10%

Ca o1divm OCE

4% 10 IM

BASELINE $96 $220 233.43 $22.30 NA $119.61 9399.23 $367.03 NA NA NA 63.6%

0 + 4.30 EER Coarlareaor $91 . $2.79 8226 227.35 320.0) 2.95 $405.11 $317.61 3331.63 $2.10 $3.12 $3.81 65.395

1 + Add 1" baidion to Wotb $123 $26.77 $211 116.47 $16.41 11.34 $434.16 $119.91 $396.20 311.3$ $12.63 SI3.40 54.695

2 4 Add I° twldioe N Doer S133 $10.20 3311 171 .79 $15 .73 13.93 $432.21 $437.94 $411.21 $13.69 $13 .20 211.51 32.4%

3 + Rcdaw (lal:d heat Lod 5131 $2 .13_ $311 177 .11 $13.39 14.60 $457 .50 $443 .29 5420.76 114.35 113 .91 519.40 51.9%

Auwnptioas:

(1) Fnerp ooeaampdoa Sw *A bsedime sad for each d.silo opdoa were obtrieed from an ERA sana )oa of ea achal 5 aablo foot -dcftcd cbcd braze. A oorroot€oa 6hetor 40.91 was eppliod to tie ERA valaw in

order to wood Ice tM JRbaatoa bdwoaa tbt.laudzl.d aid de. aohal boedfne meta A ooaadioa f ctoc of 0.9 wen d ea oppliad as cpacW.ad in Ike teat prooc&.ea for

(2)).9w nofntwor owl of lbc ba&ie wtit was abtalw4 by di .1dIst the stall price of a 3 .3 aft abed 16eezee Over 1992 /93 (dWaor SEARS oWlolue by the dk aackvp War.

(3) Eleotrlcky ooA • 0.011$'bWb (smelt cod in 1991 oblirasd Harm sa idapohlion ottbo 1991 and 2000 pricer of eleetrioky tomcat In VOE*o Amcaal Eacj

Outlook 1993, inflated to 1992 dollar). The InscepoWod rata. (As 1991) is 0.012 t&M (19915). AMc.Qjwting for it Wien from 1991 to 1992, h boowweo 0.013 $.tWK

The elabioiey rice woe then a4wled by am codas. (isles ter ee6iloraton of 1.04.

(4) Imulwon and newwa era. Colt an col included in then above wlwldiosan.

(3) L3f46e -11 .3 yran.

(6) Mob Sietm- 23.1kb sc ceamq MM avaap o(wwlnV lecher for tbis product clan in tic 1919 TSD.

(7) Beadise: Ccgava. EER 3 .14; owaperatoe arms b 0.76 eels. Door eel was ($-WW of sidle and bottom) iedatioa lUckr oa 4.60 ova (1.31") and 6.37 e ® (2.51 'rely.
(9) Raletirsy cf ria0 sad door Iaclados : 0.35 ogmd'JW-ao.

(n
v

Y
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BASEl-mE 
0" 4.l.EEft~ 

1+ A4.t I" .... Miellto W ... 
2+ MlI· ... ~ .. Door 
) t Rc.t..o. OeIlcelW lMl 

...... ON: 

ur. C)q. Coda and p~ I'IdodI '" S CIOIft MamIal Ddiwt Qat Fm:zer 
ERA SImuIIdcm: Dntl v .... 

t.'-I'T bcr.M& btaiJ "-' AnruaS Caar.atotive 
Colt Coot Noc EneTlJUsc EacrJYCoot f'~l. 

(Ims) (lmS) (19m) (1;"''11) (.mS} ~) 

$H . 5220 2U4) In.lO tlA 
D. SU9 Sll6 221.8' $20.0S :US 
SIU m.17 SUI l8iS . .n SIIt41 11.54 
SIlS Slt.lO 3311 m.1~ SIS.ll au) 
m8 SUJ Slll In.n SIS.J9 IUO 

UfcCI)"1c ec.te o.-.s.sive oa;. 
(1m$) (octM'A) 

4% 6" 10% 4" '" 10% 

~IUI 1399.2' Sl67.0S tlA tlA tlA 
mBa uaUI SlSUl Il.n SU2 SUI 
S-4lU6 ~IUI 096.20 SitU SIUl su." 
·~S2.U $431.94 $4".21 SIU' SIS.l4 SlU8 
$4S1.5O WJ.19 $420.16 nus SIUI SIII •• 8 

(I) EMrJJ --,dON - aM hlellM ... b.acta dcsip ClfdOll 'WIn okaWd hili .. EftA aiIIIuI.1iot\ of .. ~hIIII' vuLlo (001 --a~ oltm 6eezer. A ~..., "'1I.SlI -1ft'1iocS eo ale ERA val_ill 
erda'io --.. fC,rdle aw-"'-.... J.oalaW .......... '-1/nc ...... A oomcoIIoIt 6odoc 018.' w... also If'PIW IIII!pCCIIIN _Iha kit ~ bcloocl a--.. 

(2) ).~_ oldle ........ 1Mk - .... by di.tclllftlw ntaII.,nc. 01, 5.J CIOIft oh4 hclCf Iva ImItJ 6111wU« SEARS ~ by !be IIIII-np~. 
(J) ElootrkhJ oM· '.018 IIkWII (-ac -a la 1991 obt ........ _ -1aJ>01aticn oI'IIIIIIII9S"... 200t pO_ 01 clcctrioitJ r~ la DOE .. Annal Eaqr 

o.doollm, Wl..s 10 1"'21101_). 1bo hcfpoldod "fIIO (hl991) b o.on S.\;M (I WIS). Aft« acfjll81ia1 b WbliOfl 6-era 199110 1m. k a-o- '.OIlS s.'kv.'h. 
lbo c~ sdoc _Ihce. ... '*" by In ctIhc IWor r.. "&;acnton or I.O~. 

(4' 1 .... IbIiOft -'_""'-.... _!lot fndudc4 in dIC ~ .. oaIcIuItd_ 
(J)llf ..... -IU ,.... 
(6) "hrbplotaoc-U ...... ~ ............ of-np,....Jar ..... po<b;CCII .. in .... lmTSD. 
(J) B_aM: c.,.-EElU."; ~ ... It e.n..,.,. Door _h,.lb (u-..ac or.i .... IID4~) boUIioa llliaa- 4.10 _ (1.,,-, .... 07 _ (2.51"'), R8J*IIinil' 
(I) ~ rlMIJ _dow r..-f.dotl:O." ..,.-CIW_ 
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Lire Cyclc Cods mad Payback Paiodr of 5.0 out1 Msmul•Uef od Uptjghl Freezer.

ERA Simulation : lk.R Venice

Mastit loot. Mfr Ret.I1 Amos) Asa0a1 .1. smaLtity

Cod cost prim Em" U" Energy Cod Psybock

(1992$) (1992$) (19921) (kWh) (19923) (ycsrs)

Ufooyok cash

(1992$) '

4% 6% 10%

4C£

(seat+Q wh)
4% 6'% 10%

$95.65 $220 GO 410.71 $36.14 $543.49 3$10.33 $456.32 NA NA NA 80.4%
0 r 4.70 EER Csmpwa 5104.99 19.34 $241A1 31031 $21.01 2.64 $492.19 $466.66 $126.10 $2.60 $2.09 $3.53 80.5%
1 + Esturrced Coodtestr m Sldsos 3106.06 $1.07 52.11." 311.59 121.42 2.73 $419.51 $46431 $424.75 12.70 $3.01 $3.66 71.9%
2 4 Redo.Osi:d Heat Leak 3107.13 $1.07 $246.41 306.22 $26.93 2.17 5487.60 $463.04 $424.10 $2.82 33.14 $3.83 77.5%

Assumpliaoa:

(1) Energy oaonmpdorn forth. budk. sad tot cseh dulp option w* s o1,ts ncd boas an ERA sissdslios of em aol sl 3 .0 cubic foot as.aud dtdroA spsi 1d lrcesa. A oatoceim^ (odor o[ 0. wm emptied to the ERA ^shm

order to scrotal fat th. dittaeooe bdsoea due undated sad dss actual broline wale. A eocr.elioa factor of 0. 13 was also appticd as epco+fiod to the led procods c for tfriol kvczam

(1) blanufiedaet eat otibe bsaa6ae teal srsa obbhed by dirid'ia` dss rstal price of. $ exist maaud-de6o t opdgM rcfdgastorbeaxor from 1991193 taf\wiatar SEARS eddobua by for t e madar fmdor.

(3) F.Ioetrioly cost - 0.0811A:Wb (.swap and he 199$ obtaIaad Lm. so Wetpolslian of do 1993 sod 2000 priors of clockloily fhsocett in DOE. Mows Eaap

Outlook 1993. isAAW to 1992 dodon). The laarpolstcd vah. (for 1991) is 0.01210Wh (19915$ After ' for Wlados born 199.1 to 199% lkbsoomc. 0.00314Wls.
the dretsio(ty prior wse die e4alcd by as sodas. f►atar kr ttbi/aatcts of I .M.

(4) Insatkiisa sad mabrtea.0o. oorb are act (emhrdsd is 1M sbovs cslosistiosa

(3) !kith... -11.3 pars.
(6) hlakup fagot- 23. We repsaaets des sw ip- o(solmp baore for dz pca&nt due is des 1919 TSD.

(7) Dawtw ooadtwet seals 0.29 elm

(1) Dasdia...ap .sot EER Is 3.6$

I
0'
14
v
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levi I 

0 
I 
l , 

()s1tico 

PASEUNE 
t"4.JOEat.~ 
1 • E~~mSarftot 
1" Rc4Drot GIll" Hcal Leak 

........,..ou: 

Llfil C)elc Coots MId P..,t.ck PcdodI c( '.0 CNft M-.t·Dc:&oIl Upri .... fRCUl'. 
£kA Si.Ila..JOII: Ihft VanlOtl 

M-rr lMr.M& ,. ... i1 ,\mIMI ANuaI n.m.Iati\'9 

Co.e Cost Price Enar.,U" Eu:rJYCost Pay\NIdc 
(lms) (lms) (lmS~ (kWlt) oms) (ycm) 

StU' . $2l0.QO 410.11 SlU4 iNA 
SIOU, SU4 $l41.48 318.31 $lUI " 2.64 

1106.06 51.07 S14UJ 311.59 SllA2 2.1S 
.801.1] ''''' Sl4UI 306.22 S26." 2.11 

taoayak Cotb ~CC£ Vuty 
(l992S) _llC8llllk'm) C)11r. 

~ 6'K 10'K 4% 6% I~ (%) 

SS41 .• 9 SSlO." s..SU2 NA NA N.\ 8O.~ 

$492.19 $-CU." $.I2UII SUO ttl$) 'U3 ... ,~ 
s..19.~1 S#4.38 $424.75 $119 SUI SU6 TU~ 
s..n.H $.163.'" $414.10 nn Sl.I4 $).83 n.s'll. 

(I) EacrQ -..d- f« doe lie ........ to. ea.c:. deslp cpCiCIII ...... otlUincd 6011'1'" £RA lladllliCIII of _ actual U cubio foot ......... -¥oIl..,.;sbt frcq~. A -....:ci0ll1iw;W ollUU WId ....,Iiod to the EllA ,..s- ;.. 
erda Ie _04181 far It. '18'_ "1_ ........ , ... ""!he ...tuaI bMoline ""ao. A clll1'9Cti_1idoc' Clf 0." __ .110 .,.,1ic4 .. opco;r .... 1a 1M led ~ Cor "FiP' hczcn. 

(2) t.lalwlact.u' CClIt ofd.e _liM ..JI_ ...... ., dimu., die mail '"" c(. , wit ."""-dc6o.t .,..,tat rcfil~ .... &.... unrn ,"U\wUor SEARS CIII.aIop bJ ........ -ra.., tioot«. 
(3) Eloctriot:J eoIl ·I.on"WI! (" ....... ~ Ia .991 CIbIIW a- _IntcrpClJodcn of"" 1m tDtI2000 .... of cltcldoUy "-'lISt" DoE-. AmNaI ~ 

OuaIocllt9J ........... ,m ...... ,. ncw.rpollllOilnlue(b 1"I,bl.OIZ SIlM(l99IS). Mar~rorW1adOll'-l"1 &0 1991.1I.a.--I.OIU"WIt. 
1M ~1prb-'" ~ti,,,-,- r-.1or .. 6iptlcnoll .••. 

,., IMtaUaliOll..t_"*-..-_ ... We. _"" '""'-CIIInladou. 
(J) lil'wtiJu "I U ,.... . 

(6) ~t..bpr.:.-13. Nlnp-... .... --ac ol-uP 1Mton .... GI pra<bt d .. u. .... ,., YSD. 
(1) &.cI8to ~ _ ... It .. 
(1' u-u.. M41ip_ EEIt II :US 
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Life Cycle Cods mad P.)back Pagoda of 1.7 odl Maawl Dc*wt Pzf^
ERAS )asddio.1Drdt Venlas

(.even Optk.
Manuh

Cod

hrcr. Mfr

Cod

Rswl

Prin.

Amw1

Eaacrcj Li.

Annual

E.erp Cod

Cear.rletiv.

Payback

Lifocycl. Cab

14925)

C aties OM

(oacb$Wb)

laty
Dyck

19925) 19925) 19925) (k'A1 19923) ( ) 4% 6% 19% 4% 6% 39%

0 8ASEi.INE $74.32 3176 .00 271.20 $2439 NAi 3394.33 5372.09 $336.14 NA NA NA 61.1%

1 4 Eadmaco4Cco4cno iff S z cs $76.92 $0.40 8176 .93 271.09 323 .16 1.73 5390.43 $361 .71 $334.23 $1.70 $1.90 $2.31 66.2%

2 1tEobrwc4Et pmdm153SwW . 577.33 10.60 3376.32 264.99 $33.32 2-16 $387 .03 $363.71 $332.01 1212 $237 $211 63.6%
3 2+Ra1ue. d..kd11odL.alc 571.53 $1.00 3110.63 20.13 $22 . 67 3.03 $31330 1364.43 $331 .41 9291 11.32 54 .03 62.4%

Anda^ptiow:

(1) mealy .c.aaaptiosa for thw b.a.llna wed for aa" 4nlp option acre .baLwd tram ..'ERA.'.o.l.tioa of an actual 1.7 .able foot aaaaaual -4cfnd ro6ilaator. A oonvotion f.clor of 0.11 a.

opptrd o the ERA n3e . is order b eooa.d far tb. ddllx snot bdwene lb..bnuWcd end l . watrd bnoliex ora1..

(2) Man.f.e er .o.l dtbe beecliw c.h was obtaiaa3 by davidun an ..rudaot r org ost.d rcIe2 prim by dw The nwbp 6otor.

(3) Elccklchy cat a 0 .0115/IRli (*%war cod 3.199* ebt.ined &oa an intapotatioa of d.199S sad 2000 pd= ofoloclicity foremost in 13OEs Amoual E.cr.j

Outlook 1993. Wk*.d to 1992 doll.n} 71. haunt okNcd value (for 1991) Is 0.612 tic Wb (1991$). AAar adjadi.` for irdl.tion from 1991 to 1992, it bcoomcs 0 .015 LkWb.

ne d.drieity rice was tbes .dj..t.d by eo err3eaw tatter for roElra.ton of 1.04.

(4) Iu.Wwkn sod taaislaw.o. coda are sot Hoo).ded in the .hots e.lcadatieat
(3) Milos -11.3 yc. i.
(6) Mukap factor 2.3.7Uo repcweds the over age olmnkap !scions for tbi. product dam in lb. 1919 TSD.

(7) E%vpctwtor are. 6 0.13 rays wl Cand.a.c am Is 0.22 scys.
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Optlo. 

BA$EUN& 

0 .. ~ c-sa- Iff SudIoc:oe 
I t Eaban0c4 En,or'llof Iff s.r.o. 
2 + ~ o.blllcl4t-k 

....... 0lIl: 

Lito CJd. c-. .. 4 p.,bd: Paiods of 1.1.oeII t.1-..1 [)dod ~ 

ERAS~ l>n4t VctMn 

MIIM'r Locr.M&- ltdaI1 AnmNJ AnaIIoJ c-taclw 
Cost Cost Noe EMr-plw EIICtIY Cost I'a)bedc 

(lmS) (1ms) (19m) (1"".) (IPSlU) (yean) 

n6.52 . SHUG :m.lO SlU' ~N"l 
176..91 SO • .co anu) m.O? ro." I.n 
m.SJ SUO S17U1 264.W m.ll 2.lf 
m.SJ SUO SIIO.U 1".1S snn 3.03 

....... --. '.~-.' .... - . _'_---"'. ---_ ... _-: 

L~.COfla C .... 8iili .. a::E Duly 
Jl99l$) (1lCIIbIk .... la) ~Io 

<4% 6,... 10% .cu- i% It% (%) 

Sl~.3) S37U, SUU<4 NA NA NA 61.1" 
Sl9O.43 53".11 SllUl SI.70 SUO $1)1 66.2% 
Sl81.03 $16'-1' $3)2.01 S1I2 nn SUI 63.6" 
sm.30 Il'4A' sm . .c. SUI SUl S.e.GS 62.4% 

(I) Un., ~ Iw tM ~ .... Cor ......... ~ '-C otMtnod tr-oa. ",'ERA ,iacallItioa of QICfualI.l cubic foo4 1IUIIILI4l..scftoe& nIii~. A OOtrCGtioa ~ 0(0.88 ....... 
OfPWtotMERA nIacI ......... -.lb .. ~t.t-1Iot ~-'aha -...t-dinc ....... 

(1) ~ .... "'1M t.-1 .. ..It _ obbLd bydMcIiroc tM ~.....-. re4ail prloc by Ihc tbe __ PIp 6otor. 

(l) EIccIricJtr COIIt - 0 .... "_1i (ft·I ....... .,"' .. 1m oblalao4 a-M Iat«polatioa of III. '''$ u.t lOOf pdcca of cloc:lric:ir, (<<cc;ud" DOE .. AauaI &au 
Outlook Im.1afJ.w to 1m ctol!.n). n. Wcrpoiotccl YIII .. (fur 1m) It 0.012 U Wh (I WIS). /11M adjaoCi •• for infIaliOll &081 I WI '0 J 992, it bcooaIt;s O.OIU $Ik. ~ 
The alfCllrititr,no. _1Mw ec5 .... .,. .. CIIIbo fm« (Of n6facnton of 1.04. 

(.) lutalblicln IDOl ..... __ 1lCItt. _ aot IPoJuctcd .. 6c aI>o\'W c:alclllati-. 
(S) UfdI.o -11.3 ran. . 
<') M.,b, ~U. nJ ........... --.. oI-tDtt &dcx.ror"~ GI .... III. ImtSl>. 
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ASHAM ct/ erc ter Tas k Fo rce
Attachment 13
1/2

Design Option Design Energy Marketing
Feasibility Savings Utility
RANK RANK I RANK

1a)lncreased Cabinet Insul. - 112" 6 57.5% 3 5.4% 19 25.0%

1 b)lncreased Cabinet Insul. 1" 15 39.2% 1 7.8% 25 16.7%

2a)lncreased Door insul. - 1/2" 2 65.8% 6 3.5% 16 40.3%

2b)lncreased Door insui. - i 12 41.7% 7 3.3% 17 28.8%

3)lmproved Foam Ins.Ce ,microcell) 10 46.7% 10 2.5% 3 83.3%

4)Evac . Insul. Panels (all types) 26 8.5% 5 4.5% 10 50.8%

5)Gas Filled Panels (inert gas) 27 7.7% 8 3.3% 11 49.2%

6)lmproved Gaskets 4 60.0% 12 2.4% 2 85.0%

7)Double Door Gaskets 14 40.8% 11 2.5% 6 59.2%

8)Reduced Heat Load for Dispensers 41 0.0% 39 0.0% 33 10.0%

9)Reduction in Elec. Anti-sweat 19 22.0% 30 0.0% 22 23.0%

10)Subst. of Hot Gas Anti-sweat 35 2.0% 34 0.0% 18 27.0%

11)Reduction in Auto -Defrost Energy 25 9.0% 23 0.5% 8 53.0%

12)Subst. of Hot Gas Defrost 20 19.0% 15 1.5% 7 55.0%

13)Adaptive Defrost Systems 16 27.0% 17 1.2% 5 63.0%

14)lmproved Compressor Efficiency 1 82.1% 2 7.4% 1 90.0%

15)Two Compressor System 36 1.0% 25 0.4% 27 11.0%

16)Variable Speed Compressor 30 3.5% 22 1.0% 14 43.3%

17)lmproved Fan Motor Efficiency 3 65.0% 4 5.2% 4 74.0%

18)lmproved Fan Efficiency t8- 25.0% 18 1.2% 23- 21:0%

19)Variable Speed Fans 34 2.0% 33 0.0% 28 11.0%

20)Two Stage Two Evaporative Syste 31 3.0% 32 0.0% 35 4.0%

21a)Other Cycles - Lorenz 40 0.0% 38 0.0% 37 2.0%

21 b)Other Cycles - Stirling 39 0.0% 37 0.0% 41 0.0%

21 c)Other Cycles - Gas Absorption 24 15.0% 41 -5.0% 38 2.0%

21d)Other Cycles - Thermoacoustic 38 0.0% 36 , 0.0% 40 0.0%

22a)lmpr Evap HX - increased Area 11 45.8% 14 2.2% 13 47.0%
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AHAM CompactlUndercounter Task Force 

Design Option Design Energy 

Feasibility Savings 
RANK RANK 

1 a)lncreased Cabinet Insul. - 1/2" 6 57.5% 3 5.4% 

1 b) I ncre ased Cabinet Insul. - 1" 15 39.2% 1 7.8% 

2a)lncreased Door Insul. - 1/2" 2 65.8% 6 3.5% 

2b)Increased Door Insul. - 1- 12 41.7% 7 3.3% 

3)Improved Foam Ins.~e.microcell) 10 46.7% 10 2.5% 

4)Evac. lnsul. Panels (all types) 26 8.5% S 4.S% 

5)Gas Filled Panels (inert gas) 27 7.7% 8 3.3% 

6)lmproved Gaskets 4 60.0% 12 2.4% 

7)Double Door Gaskets 14 40.8% 11 2.5% 

8)Reduced Heat Load for Dispensers 41 0.0% 39 0.0% 

9)Reduction in Elec. Anti-sweat 19 22.0% 30 0.0% 

10)Subst. of Hot Gas Anti-sweat 35 2.0% 34 0.0% 

11 )Reduction in Auto-Defrost Energy 25 9.0% 23 0.5% 

12)Subst. of Hot Gas Defrost 20 19.0% 15 1.5% 

1 3)Adaptive Defrost Systems 16 27.0% 17 1.2% 

1 4)lmproved Compressor Efficiency 1 82.1% 2 7.4% 

1 5)Two Compressor System 36 1.0% 25 0.4% 

1 6)Variable Speed Compressor 30 3.5% 22 1.0% 

1 7)lmpr:oved Fan Motor Efficiency 3 6S.0% 4 5.2% 

-.-~. -- -- -- , 

8)lmproved Fan Efficiency ---- ts- 25.0% . - 18 1.2%' -

1 

1 9)Variable Speed Fans 34 2.0% 33 0.0% 

2 O)Two Stage Two Evaporative Syste 31 3.0% 32 0.0% 

2 1 a)Other Cycles - Lorenz 40 0.0% 38 0.0% 

2 1 b)Other Cycles - Stirling 39 0.0% 37 0.0% 

2 1 c)Other Cycles - Gas Absorption 24 1S.0% 41 -5.0% 
~ 

, 

2 1d}Other Cycles - Thermoacoustic 38 0.0% 36 0.0% 
, 

22 a)lmpr Evap HX - Increased Area 11 45.8% 14 2.2% 

I 

Attachment 13 
1/2 

Marketing 
Utility 
RANK 

19 25.0% 

25 16.7% 

16 40.3% 

17 2B.B% 

3 83.3% 

10 SO.8% 

11 49.2% 

2 85.0% 

6 59.2% 

33 10.0% 

.22 23.0% 

18 27.0% 

8 53.0% 

7 55.0% 

5 63.0% 

1 90.0% 

21. 11.0% 
I~~ 

14 43.3% 

4 74.0% 

23'-' '2t~Oo/cf -

28 11.0% 

35 4.0% 

37 2.0% 

41 0.0% 

38 2.0% 

40 0.0% 

13 47.0% 
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AHAIM r r Task Force

Design Option

22b)lmpr Evap HX - Enhanced Surfac

22c)lmpr Evap HX - High Therm Mass

22d)Impr Evap HX - Integr Surfaces

23a)lmpr Cond HX - Increased Area

23b)lmpr Cond HX - Enhanced Surfac

23c)Impr Cond HX - High Therm Mass

23d)Impr Cond HX - Integr Surfaces

24)Altemative Refrigerant

25)lmpr Expansion Valve (electronic)

26)Fluid Control Valves

27)Location of Comprsr. & Fans

28)Use of Natural Convection

29)Electrohydrodynmc Enhanced HX

30)Voltage Controller

1 8-Aug-93

Design

21 18.3% 26 0.2%

32 2.0% 28 0.2%

5 582% 40 -0.6%

28 6.7% 31 0.0%

17 25.8% 20 1.0%

23 15.0% 21 1.0%

7 -60.0% 19 1.0%

37 0.0% 35 0.0%

us

Feasibility Ranking of 41 design Options for the 1998 NAECA Rulemaking

Attachment 13
2/2

12._ 49.0%

34 5.0%

20 25.0%

36 3.0%

21 24.0%

39 0:0%

EE-RM-93-801 COMMENT 49

AHAM CompactlUhdercounter Task Force 

Design Option Design Energy 
Feasibility Savings 
RANK RANK 

22b)lmpr Evap HX - Enhanced Surfac 13 40.8% 16 1.2% 

22c)lmpr Evap HX - High Therm Mass 22 18.3% 27 0.2% 

22d)lmpr Evap HX - Integr Surfaces 33 2.0% 29 0.2% 

23a)lmpr Cond HX ,- Increased Area 9 48.3% 9 2.8% 

23b)lmpr Cond HX - Enhanced Surfac 8 48.8% 13 2.4% 

23c)lmpr Cond HX - High Therm Mass 21 18.3% 26 0.2% 

23d)lmpr Cond HX - Integr Surfaces 32 2.0% 28 0.2% 

24)Altemative Refrigerant 5 58.2% 40 -0.6% 

25)lmpr Expansion Valve(electronic) 28 6.7% 31 0.0% 
, 

2 6)Fluid Control Valves 17 25.8% 20 1.0% 

2 7)Location of Comprsr. & Fans 23 15.0% 21 1.0% 

2 8)Use of Natural Convedion 7 -$0.0% 19 1.0% 

29 )Electrohydrodynmc Enhanced HX 37 0.0% 3S 0.0% 

3 O)Voltage Controller 29 4.0% 24 0.40/0 

18-Aug-93 US 

Feasibility Ranking of 41 design Options for the 1998 NAECA Rulemaking 

-----------

., 

Attachment 13 
2/2 

Marketing 
Utility 
RANK 

24 19.0% 

30 10.0% 

32 10.0% 

9 52:0% 
.. ..-

15 42.0% 

29 
~.:~~~~~~±:~ 
10;0% 

-. 

31 10.0% 

12_ 49.0% 

34 5.0% 

20 25.0% 

36 3.0% 
-

21 24.0% 

39 0:0% 

: 

-~ 

.. 

: 

.. 

'" ':-

t. 
~ .. "-... ' ~ 

--- ~. 

26 15:.0% 
11 , 
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6/14/94

Life Cycle Costs and Payback Periods of 13 cult Manual Defrost Chat Freezer

ERA Simulation: Draft Version

Level Option

Manufr

Cost

Inot. Mfr

Cost

Retail

Price

Annual

Energy Use

Annua l

Energy Cost

Cumulative

Payback

Lifecycle Costs

( 1992$)

Cumulative CCE

(cents/kWh)

(19925) (1992$) (1992$) (kWh) (1992$) ( ears) 4% 6% 10% 4% 6% 10%

0 BASELINE $170 - $392 471.71 $42 NA $937 $853 $739 NA NA 14A
1 0 + ADD 1 /2" INS TO WALLS $ 179 $9.03 $413 392 . 91 $3$ 2 . 99 $867 $799 $702 $2.01 $2.36 53.13

2 I + ADD I" INS TO WALLS $ 186 56.36' $427 345 .76 $30 3 . 19 $827 $767 5682 $2 . 14 $2.52 $3.36
3 2 + 4.56 EER COMPRESSOR $ 191 $5.32 $440 314 . 55 $28 3.48 $804 $749 $672 $2.33 $2.74 $3.66
4 3 + 4.95 EER COMPRESSOR $ 197 $3.25 3432 289.18 $23 3 .74 $786 $736 $665 $2 . 51 $2.93 $3.94
3 4 + ADD )" INS TO DOOR $ 201 $4.08 5462 278 .63 $25 4 .09 $784 $735 $667 $2.74 $3 . 23 54.31
6 5 + REDUCE GASKET LEAK $202 $ 1.76 $466 274.59 $24. 4.24 $783 $713 $668 $2 . 84 $3 . 33 $4.46
7 6 + INCREASE EVAP AREA $204 $2.07 $470 273 .02 $24 .4.48 $786 $738 $671 $3.00 $3.53 $4.71

8 7 + ENHANCED COND IfT SURFACE I $220 $15 .36 $306 266.28 423 6 .29 $813 $767 $702 $4.21 $4 . 96 $6,61

Assumptions:

(I) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an actual 15 cubic foot chest manual-defrost freezer.

(2) Manufacturer cost of the baseline unit was interpolated from the ASIAN manufacturer cost vs kWh curve for this product class.

Using a linear interpolation between the two closest points on the AtlAM curve to the ERA baseline consumption of 471.71 kWh, the ERA baseline cost is $170.42.

(3) Electricity cost . 0 .01$ S/kWh (average coif in 1998 obtained from an interpolation of the 1993 and 2000 prices of electricity forecast in DOES Annual Energy

Outlook 1993, inflated to 1992 dollars). The i tcrpolatod value (for 1998 ) is 0.082 S/kWh (1991$). Alter adjusting for inflation from 1991 to 1992, it becomes 0.085 S/kWh.

The electricity prioe was then adjusted by an ^duse factor for refrigerators of 1.04.

(4) Installation and maintenance costs are not in;uded in the above calculations.

(5) Lifetime -19 years.

(6) Markup factor- 2.3. This represents the average of markup factor for this product class in the 1989 TSD.
(7) Baseline : Compressor EER - 4.15.

Insulation thicknesses : Geezer door and sides are 6 .40 cm (2.32") and 5.46 cm (2.0"). Resistivity of door and walls is 0.35 and 0 . 3 5 m2•degC/W-cm.
Evaporator area is 1.56 aqm and Condenser arcs Is I.01sgm.

a
n

3
(D
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Le\'(1 

0 

I 
2 
) 

4 , 
6 

1 

• 

Option 

BASELINE 

0+ ADD In" INS TO WALLS 
I .. ADD I" INS TO WALLS 
2 .. 4.56 EER COMPRESSOR 
J .. 4.95 EER COMPRESSOR 

4" ADD '" INS TO DOOR 
'+REDUCEOASKETLEAK 
6 .. INCREASE EV AP AREA 
1 .. ENHANCED COHO 1fT SURF ACE 

6/14/94 

Life Cycle CoslI and 'ayback Pericxb of I S cuft Manual De&ost Chetl Freel" 
ERA Simulation: Dr,ft Venlon 

Manuf'r Inor.M& Retail Annual Annual Cumulative 
Cost eoll Prico Enero UIO Enero CoIl Payback 

(1991$) (I 992S) (I 992S) (kWh) . (l992S) (yclIt1) 

-l 

S170 . • S392 411.71 SU NA 
$179 $9.0J $413 392.91 US 2.99 

S186 SG.34· S427 30.76 $30 3.19 .. 
SI91 $5.52 $440 314.H $21 3.48 

SI97 $'.25 S452 189.11 S2S 3.74 
. SlOI SUI S462 218.63 $2S 4.09 
$102 SI.16 S466 2109 $24. U4 
$204 Sl.01 S410 213.02 $24 "'.48 

I S220 SlUG SS06 266.21 _Sll 6.29 

AiJumptiona: [ 

Lifec:yole COlli 
(I 992S) 

4% 6% 

slm SUS 
SI61 $199 

Sl21 $167 
sa04 S749 
S186 S1l6 
S1I4 513' 
S1Il sm 
S1l6 me 
sm $161 

(I) Energy conaurnptiON for \he b .. cline and for ~ach dedI" option were obtained from an ERA ,imulation of an actual I 5 oubio foot che.t manual-defrolt &eCl". 
(2) Manullctur" coli ofthc bucllne unit w .. intcq,ol,ted from the AllAM manuraoturer cod \'1 kWh curve for this product el .... 

UlinS a linear int"POlatlon belween the two clOlest points on tho AllAM curve to the ERA b .. c1ine comurnpllon'of 47\.11 kWh, th~ ERA b .. eline cost i. SI10.42. 
I' 

() Electricity coli· 0.011 SI1cWh (1\'"1,0 COl' in 1991 obtained from an interpolation ofth. 1995 and 2000 prioca of eleotricity forcclUl in OOE'. AnnUli Energy 
. I 

10% 

S139 
$702 

56U 
S671 
566S 
5661 
$66. 

$611 

$101 

Outlook 1993, inflated 10 1992 doIlUt). The i~terpollted vllue (for 1991) 1.0..082 SI1cWh (1991$). All" adjwtinl for inflation from 1991 to 1992, it bccomCl o.o.n SI1cWb. 
The electrioity price w .. then adjwted by an 4~dwc rlctor ror "&t,cutars of 1.04. . 

(4) Installation and mlintcnlllCG COIb arc not incl~dcd in tho above calculatioN. . 

(') Lifetime -19 yeUt. 
, 

(6) Markup faclor- 2.3. ThI. repmcnll the IV",S' of markup r.etan ror thit product cl ... in the 1919 TSD. 
(1) O .. eline: CompRllor EER • .u,. 

lnaulatlon thlcknell": &ccIer door and aide. Ire 6."0 em (2.52") and 5.46 em (2.1 S·). Rnitlivit'l of door and Will. It 0." and 0.." m2·deaCJWoi:m. 
\ I", 
E\'aporator arcl It 1.'6 tqaI and Conderu" arell, I.O"IIm. 

i' 

!i 
I 

i 
,I 

II 
II 
II 

II 

Cumulative ceE 

(~w\Wh) 

4% 6% 

NA NA 

S2.0' SlJ6 

S2.14 SH2 
$2.33 $2.14 
S2.51 S2.95 
$2.14 $3.23 

Sl.14 SU, 
$3.00 SlSl 

SUI SU6 

lO~\ 

NA 
$lIS 

SlJ6 
S1.66 

S1.94 

SUI 
SH6 

$4.11 

$6.61 

~» 

--- -+ ~-+ 
Q 
o 
:r 
3 
(j) 
::J 
-+ 
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6/14/94

Life Cycle Costs and Payback Periods of 14 cult Manual Defrost Upright Freezer
ERA Simulation : Draft Version

Level Option
Manufr

Cost
Inter. Mfr

Cost
Retail
Price

Annual
Energy Use '

Annual
Energy Cost

Cumulative
Payback

Lifeoyole Costs
(1992$)

Cumulative CCE

(ocnWkWh)

t S).- (19925 (1992$ (kWh) (1992$) (years) 4% 6% 10% 4% 6% 10%

0 BASELINE $ 103 $420 482.94 S42 NA $978 $894 5775 NA NA NA

1 0 + FOAM INS TO DOOR 5184 51 . 82 $424 424 .3 1 $37 0.81 $91 S $841 $736 $0.54 $0 . 64 $0.85

2 1 + 5.15 EER COMPRESSOR $190 $5 .25. $436 361 . 15 S32 1 . 52 5854 $791 $702 $1.02 $1.20 51.60

3 2 + ENIIANCED COND UT $190 50.80 $438 353.78 $31 1.59 $847 S78S $698 $1 .07 $1.26 $1.68
4 3+REDUCE GASKETLEAK $193 $2.33 5443 343 . 30 $30 1 .91 $840 $710 $696 $1.28 $1 .51 $201
S 4 + ADD I" INS TO DOOR $199 $5 .99 S437 318 .09 $28 2.57 S82S $769 $691 $1 .72 $2.02 $2.10

6 S + ADD I" INS TO WALLS $219 $20. 23 $504 275.04 $24 4.51 $122 S774 $706 $3.07 $3.61 S412

7 6 + INCREASE EVAP AREA $223 $4.05 $513 273 .90 $24 3.06 $830 $782 $715 53 .39 $3.99 $5.32

Assumptions:

( I I Energy consumptions for the baseline and fqr each design option were obtained from an ERA simulation of an actual 14 cubic foot upright manual -defrost freezer.

( 2) Manufacturer cost of the baseline unit was ikterpolated from the AIIAM manufacturer cost va kWh curve for this product class.

Using a linear Interpolation between the twa closest points on the AIIAM curve to the ERA baseline consumption of 482 .94 kWh, the ERA baseline cost is $182.57.

(3) Electricity oust - 0.018 $IkWh (avenge Oast in 1998 obtained from an Interpolation of the 1993 and 2000 prices of electricity forecast in DOEs Annual Energy

Outlook 1993, Inflated to 1992 dollars). Thi '' interpolated value (for 1998) is 0.082 S /kWh (1991$). After adjusting for Inflation from 1991 to 1992 . It becomes 0.085 S/kWh.

The electricity price was then adjusted by an endure factor fee 1efr1gerston of 1.04.
(4) Installation and maintenance costa are not included in the above calculations.
(S) Lifetime -i9 years.
(6) Markup factor- 2.3. This representsthe avenge of markup faaton for this product class In the 1989 TSD.
(7) Baseline: Compressor EER - 4.40.

Insulation thicknesses : Geezer door and sides are 6 .35 am (2.50") and 3 . 81 can (1.50 "). Resistivity of door and walls is 0 .286 and 0.321 m2-degC/W-cm.
Evaporator saes Is 2.13 sqn and Condense! area is 2.15sgm.

N
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lcvcl 

0 

I 
2 
) 

~ 

S 
6 

1 

Option 

BASELINE 
o .. FOMf INS TO DOOR 

I .. US EER COMPRESSOR 
2 .. ENIIANCED COHO lIT 
}+REDUCEOASKETLEAK 
~ .. ADD I ~ INS TO DOOR 
S" ADD I-INS TO WALts 
6 .. INCREASE EV AI' AREA 

6114/94 

Lifo Cyelo Cos" end ra)baek Period. of 14 oun Menual Defrost UprIsht freoter 
ERA S~ul.tlon: Draft Vcnion 

Menufr 1nor.M& Rellil Annual Annual 
d~t Coli Price EnerlYUn EnerlYCost 

<!~.~)- " (1991$) (1992$) (kWh) (1992$) 

SI~~ . $420 482.94 S41 
S114 SUI $424 424.)1 $)1 

SI90 SUS. S416 36\.U $ll 
SI90 • SUO S·OI 353.11 Sll 
SI93 Sl.33 S443 343.30 $}O 

SI99 $S.99 SH7 311.09 S28 
S219 S20.23 SS04 27$.04 S24 
S223 $4.0S sm 213.90 $24 

Cumulalivo Lifcoyol. Coda 
Payback (1992$) 
{)'cm) 4% 6% 

NA $918 $194 
0.1\ S91S S841 

U2 sm $191 
1.59 5841 S18S 
1.91 S840 5180 
H7 sm $169 

".n Sl22 $174 

5.06 S830 S712 

AJSumptions: 
(11 EnerlY consumptions for "" buellno end ~~ elch desill' opllon were obl.lned lTom en ERA ,Imulatiori of en aclual14 cubic fool upriahl manual-dcl'roll liecler. 
(2) Manufaoturer COIl of the bucllno lIIIil wIII~erpollled &om th. AllAM manufacturer cosl VI kWh Ourvl for Ibi. ptodlKt 0111 •• 

U.in •• linear Interpol_lion belween the IW~ closctl poin" on the AllAM ourve 10 lb. ERA bllelin. consumption of 412.94 kWh, lb. ERA bllclino 0011 is SIll. n. 
(l) Elcomoity 0011 • 0.011 SlkWh (Ivcrlll ~t In 199. obtained from an Interpolation of lb. 199' and 2000 prices of eleotricity foreolltln OOE', Annual EncrlY 

10% 

S71S 
S1)6 

$102 
5698 
5696 
5691 
$706 

S7JS 

Outlook 1993. Inflated to 1992 dollara). Th" Inlerpolaled valul (for 1991) I. 0.011 SlkWh (1991 S). After adjustln, for Inflation nom 1991 to 1992,lt becomes 0.01S $/kWh. 

The electrlolty prioo weelhcn .djualed by ~ endUio f.otor for ,,&ileraton of 1.04. 
(4) Installallon and malnt_ 001" ere nOI inoluded in tho lboY! oilculatlOftJ. 
(S) Lifetime·" r-t. " . 
(6) Muttup faotOf"'" 2.3. Thh lCpfC.cn" 1b'lv~I' of m~ f~ for Ibl. poduol 0111. In tho 1919 TSD. 
(7) Bllelin,: Compmaor EER - 4.40. I! . 

Insulation thlebmea: tnt. door and .ide. ere 6.3S OlD (2.50·) and 3.11 em (UO"). Rc.lttlvity of door and wall.1a 0.286 and o.nl m2-deaCJW-cm. 
"I 

Evapontor arc,1t 2.1 S lCp1land CondcnJ'f erellt 2.1 "'Im. ." 

.. 

Ii I, 

I' )1 r-
:/ 

II 

II 

:/! 

Cumulative CCE 
(ocnWkWh) 

m 6% 10~~ 

NA NA NA 
SO.H $0.64 SOU 
$\.02 SI.20 $\60 

S\.07 SI.26 $1.68 

SI.2I SUI 51 01 
SI.12 nOl S110 
S301 Sl61 Sta1 
SlJ9 Sl99 SU2 

1'0» -.... ....-
~-+ 

0 
0 
:r 
3 
CD 
:::l 
-+ 

~ 
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6/14/94

Life Cycle Costs and Payback Periods of I S cull Auto Defrost Upright Freezer:
ERA Simulation: Draft Version

Lcvcl Option
Manutr

Cost
Inc.. Mfr

Cost
Retail
Price

Annual
Energy Use

Annual
Energy Coat

Cumulative
Payback

Lifooyole Costs
19925)

Cumulative CCE

(ocotdk Wh)

1992$) 1992$) ( 19925 (kWh) (1992$) (years) 4% 6% 10% 4% 6% 10!;

0 BASELINE $296 $681 694.24 $61 NA $1,484 $1 ,363 $1,192 NA NA NA

I 0 + FOAM INSULATION ON DOOR L $298 $1 . 82 $685 600.78 $ 33 0.51 $1,380 $1,273 $1,128 $0.34 $0.40 $0.54

2 1 +5.60EERCO1,4PRESSOR $307 $9.05 $706 345.78 $48 191 $1.337 $1,242 $1,108 $1.28 $1 .31 $2.01
3 2+ ADD I" INS TO DOOR $316 $8.93 $727 501.93 $44 2 .69 $1,307 $1 ,220 $1 ,096 $1. 80 $2.12 $2.83

4 3+ DEC EVAP MOTOR POWER $323 $6.50 $742 481 . 33 $42 .3.23 $1 ,298 $1 ,21 S $1,096 $2.17 $2.55 $3.40
S 4 + REDUCE GASKET LEAK $324 $1 .94 $746 476.93 $42 3 . 40 $1,297 $1 ,213 $1,097 $2.28 $2.68 $3.51

6 S + ADD 1" INS TO WALLS S360 $35.84 $829 413.01 S37 6.00 $1,308 $1,236 $1,134 54.02 $4.73 56.31
7 6 + ENHANCED EVAP IIr I $363 $2.61 $835 411 . 35 S36 6.16 $1,310 $1 ,239 $1.136 $4 .13 $4.86 $6.45

8 7 + ADAPTIVE DEFROST $371 $8 .28 5834 402.70 $35 6.72 $1,319 $1,249 $1 , 150 $4.50 $5 .30 $7.01

9 8+ENIIANCEDCONDLIT $374 $2 .82 $860 400 .39 S35 6 .92 $1,323 $1 ,253 $1,135 $4.63 $5.46 S7.2t

Assumptions:

( I) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an actual 13 cubic foot auto-defrost upright freezer.
( 2) Manufacturci cost of the baseline unit was i terpolated 'Gom the' ARAM manufacturer cost vs kWh curve for this product class.

Using a linear interpolation between the twb closest points on the ASIAN curve to the ERA baseline consumption of 694 . 24 kWh, the ERA baseline cost is $296.22

(3) Electricity cost . 0.088 S/kWh (average cost in 199$ obtained from an Interpolation of the 1993 and 2000 prices of electricity forecast In DOE . Annual Energy
Outlook 1993 , inflated to 1992 dollars). Tho interpolated value (for 199$ ) is 0.082 S/kWh (1991S). After adjusting for inflation from 1991 to 1992, it becomes 0.085 $/kWh.
no electricity price was then adjusted by art endure factor for refrigerators of 1.04.

(4) Installation and maintenance costs are not Ilia eluded in the above calculations.
(Si Lifetime '°19 years.
(6) Markup factor- 2.3. This reprewnts the av. egc of markup factors for this product class In the 1989 TSD.
(7) Baseline: Compressor EER • 5.05 iI

Insulation thicknesses : Geezer door and sides are 3.81 om (1.30") and 6.35 cm (2.50"). Resistivity of door and walls is 0.286 and 0 .521 m2-dc8C(W-cm.
Evaporator UA product Is 21.9 WIC and Condenser arcs Is 2.1 Sups.

w
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6/14/94 

Lif. Cycle Colla and Payb.ok Poriodt of I' ouR Aulo Doftotl Upright FRazer: 
ERA Simulation: Draft Venlon 

I' Manutr Inor.MIT Retail Annual Annual Cumulallve LUGoyol. Coli. 
OpIion ,I Cott Colt Price EnerBYU,o EnerBYCott Payback (19925)' 

" 
, ' (1992$) (19925) (1991$) (kWh} (1992S) (run) 4% 6% 
;, 

BASELINE " $296 . 5611 694.24 $61 NA SI,484 51,363 

0" FOAM INSULATION ON DOOR , $291 SU2 S61S 600.11 $Sl 0.51 SI,3IO Sl,m 
1 .. '-60 EER COMPRESSOR :1 S301 SUS 5106 545.11 148 "1.91 SI,J31 SI,242 I , 
2+ ADO I" INS TOOOOR S316 SI.93 5121 501.93 544 2.69 51,301 SI,220 
)+ DEC EV AP MOTOR POWER 5J23 S(UO $742 41US 542 ·).23 51,298 51,2" 
~ • REDUCE OASKET LEAK sm S1.94 5146 416.93 542 3.40 51,291 SI,21' 
S .. ADO I" INS TO WALLS S360 SJU4 S819 415.01 $31 6.00 SI,301 SI,136 

'I 
6 .. ENHANCED EV AP trr I: Sl6J S2.61 SIlS 41US S36 6.16 SI,310 SI,139 
1 .. ADAPTIVE DEFROST 

I 
5m SI.28 5m 402.10 m 6.12 51,319 51,249 

II 8" ENJIANCEDCONDHT S314 S2.12 S860 400.39 m 6.92 SI,323 SI,2s) 

A.numphoN: 
II 

(I) EnerBY eONlllllpliona ror tho b .. eline and f~ e.ch dClip opllon were obtained iom an ERA .imulalion of an aotuall' oublc root.ulo-defroll uprightieeler. 
(2) M.nuf.cturer 00II or Iho b .. eline unll \V .. I~erpol.tcd'iom ~ AllAM manuf.clurer 00.1 VI kWh OUIVe for thh prodllol el .... 

U,in.a linclI inlerpol'lion belween the IW~ closest pointa on tile AlJ.I,M cUlVe 10 tho ERA b .. elin. CORllUllption or 694.24 kWh, the ERA b .. elin. OOlt it S296.22 
(l) Elcclricily cinl • 0.011 SlkWl! Clverl.c-;'II in 1991 obtalncclliom anlnlerpolalion orth, 199' and 2000 prices of eleclricit), forcc .. lln OOE', AMult EnerBY 

Outlook 1991,lnnalcd 10 1992 dollen). Th,'lnlerpolalcdv.lul (for 1991) i. 0.012 SlkWh (1991 S). After adjustinl ror innalion iom 1991 to 1992. it become. O.OU $/kWh. 
" Tho clcclricity pioo wu then Idjuated by,: endusa raclor for reilleraton of 1.04. 

(4) INtalladOll end IIIIIntcnanoo OOIta If1I not b)cluded In the lbove OlloulallOlll. 
. II 1, 

(') Ufctimo -I' JIIII1. ;1 ' 

(6) Markup ftoloral.l. ThI. rcpmcnta tho 'V~'I' of lIIadtup f~~ for thi. productolualn tile ".9 TSD. 
(7) B .. elin.: Compmaor EER· US il . 

, INul.lion thlcbcuct: hctcr door and aide, 110 3.11 om (l.S0·) and 6.3' em (2.S0"). Rc.lalivil), or door and waU.I, 0.216 and 0.521 m2-dcaCJW-cm. 
, I . 

I(vapurator UA produol 1.21.9 W/C and Cc)lIdonlor 11011. ~~"Irn. 

r 

10% 

51,192 
Sl,m 
Sl,loa 
51.096 
51.096 
$1,091 
51,\34 
SI.138 
$I,ISO 
51,155 

Cumulatlvo CCE 

4Y. 

NA 
$0.34 

sua 
SUO 
Sl.\l 
Sl.28 

St02 
S4.1l 
$4.50 

SUl 

(oenWl:Wh) 

6% 

NA 

'OAO 

SUI 
nil 
SB5 

U6& 
S.oJ 
Sta6 
suo 
$'.46 

W» 
-.... -+ 
.$>0. -+ o 

o 
:T 

3 
CD 
:J 
-+ 

IO~. 

NA 

SOJ4 

$101 

$183 
Sl.40 

$).51 

S631 

$6.49 

Sl.01 

Sl.2! 
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Life Cycle Costs and Payback Periods of 0 cult Auto Defrost Uptight Freezer :
ERA Simulation : Draft Version

I.c%cl Option

Manufr

Cost

Ines. Mfr

Cost

Retail

Price

Annual

EnergyUso

Annual

EnergyCost

Cumulative

Payback

Lifeeycle Costs

(1992$)

Cumulative CCE

(ocnts/kWh)

(1992$) 1992$) (1992$) (kWh) (1992$) (cars) 4% 6% 10% 4% 6% 10%

0 BASELINE $268.43 $617.39 739.24 $67 NA $1,494.91 $1,362.90 $1,176 .28 NA NA NA

I 0+ DEC EVAP MOTOR POWER S?74.93 $6.50 $632.34 711.14 $63 3.53 $1,454 .26 $1,330.62 $1,155 . 82 2.37 2.79 3.72

2 I + 5.60 EER COMPRESSOR $211.68 $6 .73 $647 . 87 674 .62 $39 4 . 09 $1,427 .59 $1,310.29 $1,144 .46 2.74 3.23 4.31

3 2, EVAPENlIANCEDIITSURFACE 014.29 $2.61 $653 . 17 667 .96 $59 4 . 54 $1,425 . 19 $1,309. 75 $1,145 . 36 3.04 3.51 4.71

4 3 + ADD V INS TO WALL S $320.13 $35.84 $736.29 380. 13 $51 7.54 $1,406 . 83 $1,305 .96 $1,163.35 5.06 5.95 1.94

5 4 + REDUCE GASKET LEAK $322.06 S1.94 $740.75 573.23 $51 7.62 $1,405 . 59 $1,305.17 51,164 . 18 5.10 6.01 1.01
6 5+ ADD I" INS TODOOR $330.99 $8.93 $761 . 21 354 .36 $49 7 . 98 $1,402.00 $1,303 . 61 $1,169.35 3.35 6.29 1.40
1 6 +COND IIOT OAS FOR ANTI SWEAT 5331.51 $20. 52 $808.46 $26.25 346 9. 32 $1,416 .70 $1,325 .20 $1,193 . 33 6.24 7.35 9.80

8 7 +ADAPTIVE DEFROST $359.78 $8.21 $827. 30 513.53 S45 9.80 $1 ,423.34 $1 ,333.71 $1,206.99 6.46 7.73 10.31

9 8 + INCREASED COND AREA $367 .00 $7.22 $844 . 10 306 . 53 S45 10 . 20 $1,429 . 56 $1,341 . 49 $1,216.98 6.83 8.04 10.73

Assumptions:

(1) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an actual I S cubic foot uptight auto-defrost freezer.

(2) Manufacturer cost of the baseline unit was interpolated from the AIIAM manufacturer cost vs kWh curve for this product class.

Using a linear interpolation between the two closest points on the AIIAM curve to the ERA baseline consumption of 759.24 kWh. the ERA baseline cost is $268.43

(3) Electricity cost - 0 .01$ $IkWh (average cost in 1998 obtained from an interpolation of the 1993 and 2000 prices of electricity forecast in DOE's Annual Energy

Outlook 1993, Inflated to 1992 dollars ). The interpolated value (for 1998 ) is 0.082 SIkWh (1991$). After adjusting for inflation from 1991 to 1992, it becomes 0 .083 SJkWh.

The electricity price was then adjusted by an en I dine factor for refrigerators of 1.04.
(4) Installation and maintenance costs are not included in the above calculations.
(S) Lifetime - 19 years.
(6) Markup factor- 2.3. This represents the average of markup factors for this product class In the 1989 TSD.
(7) [iascline : Compressor EER - 5 .27; Evaporator fan motor power - 9 W; Condenser fan motor power - 0 W.

Insulation thicknesses : freezer door and sides ire 7.01 em (2.76) and 4.90 cm (1.93"). Foam resistivity is 0.53 m2-de1C/W-cm.

Evaporator and condenser areas: 1.051 sq.m and 1 .22 sq.m, respectively. _

a r
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Life Cycle Coslllllci Payback Periods or IS cuft Allto Polio .. Upright Freeni' : 
ERA' Simulation: Draft Vcnion 

Manurr Incr. Wr Retail AMUDI Annual Cumulative Lirco)'Cle Cosll 
Option COlt Cost Price EMf I)' U.e Encfl)' Coli Payback (1992$) 

(l'992S) (1992$) (1992$) (kWh) (1992$) (yean) 4% 6% 
, 

BASELINE S261.43 
II 

. S617.]9 159.24 S61 NA $1,494.91 SI,]62.9O 
0+ DEC EV AP MOTOR POWER ~~'4.93 S6.'0 . 5631.34 111.14 S63 3Jl SI,454.26 SI,310.62 
t t UO EER COMPRESSOR $ lUI SUS 5641.11 614.62 5'9 4.09 SI,421J9 SI,l10.19 
21 f.V AP ENtIANCED lIT SURf ACE $114.29 SUI 56S)''' 661.96 SS9 4.54 51,425.19 5I,309.1S 
1 + ADO I-INS TO WAllS $320.13 $3U4 S736.29 "US SSt 1.54 $1,406.83 SI,105.96 
4 + REDUCE OASKET LEAK S322.06 SI.94 $740.15 S7S.ll SSI 1.62 SI,40'-'9 SI,]O,",l 
,. ADO I· INSTO DOOR S330.99 SUl $161.2' 

I 
"4.16 $~9 1.91 SI,"02.00 SI,lOUI 

6 tCONO 1I0T OAS FOR ANTI SWEAT ~lSl.Sl 520.'2 $108.46 526.25 546 9.31 SI,416.10 SI,31UO 
1 +ADAPTlVE DEFROST SlS9.18 SUI Sel1.S0 saUl 54' 9.10 $1,423.]4 SI,33].71 
a t INCREASED CONI> AREA S361.00 S1.l2 $1.44.10 '06.SS 50 10.20 SI,429.'6 SI,341.49 

i 
ASlumptiona: I ; 
(I) Enerl)' oOnJlllDpliona for tho bucline 1IIc1 ror ~fch dcsian option were obtained Crom an ERA limulatlon of an actual I 5 cubio rool updghtluto-derro.lli"eezcr. 
(2) Manufacturer cost 01 tho b .. elinG unit w .. lntetpolatcd from the AllAM manuracturer cost VI kWh OUIVO for this prCKIllct cl .... 

U.inl a linear Interpolation betwem the two cl~c" poinll on tho AllAM curVe to tho ERA b .. eline conaumption of lS9.24 kWh. the ERA b .. dinc co.l i. $161.43 
(l) Electricity coat - 0.011 SlkWh (avcrale co.~'in 1991 obtalnecl"om an Inlerpolation ortho 199' and 2000 price. or electricity forecast in OOE', AMUDI Enerl)' 

10% 

SI,176.28 
sl,us.n 
51,144046 
SI,I45.56 
SI,I63.35 
SI,l6UB 
SI,169.3$ 
SI,19U' 
51,206.99 
SI,216.9' 

Outlook 1991,lnO.teci 101992 clallan). Tho interpolatecl value (for 1991) i. o.on SlkWh (l99IS). After adjustinl for inn.tion from 1991 to 1992, il becomc, 0.01$ SlkWit. 
The electricity prloc w .. thm adjusted by III ciiduso ractor for refri,eratort of 1.04. . 

(4) InJun.tion and mllntmlllOO COllI arc not IncIJeieciln tho above ,aleulatlona. 
(S)Urcllm.-19ycan. ' 

(6) Markup raelor- U. W. tcpfelmll tho avcra~. of markup factort for thl. product elas.1n tho 1989 TSO. 
(1) palClino: COIIIffCIIOI' EER • S.21. EvaporatC!" fan motor power·' W, Condmler fan motor power - 0 w. 

InJul.tion thlcblCltct: hczer door 1IIc1.iclct '~o 1.01 0IIl (2.161 IIIc1UO 0IIl (1.9)"). Foam miallvll, I. 0.5) m2-deJCIW-om. 
Eveporator and condcntcr ore .. : 1.0st .q.m ~d 1.21lq.m. Rlpectlvely. 

I 

., 
! 

, 
" 

Cwnulalivo CCE 
(oenWkWh) 

4% 6% 10~. 

NA NA NA 

2.31 2.19 3.72 

2.74 3.13 UI 
3.04 3.58 ue 
S.06 5.9, 194 
S.IO 6.01 10\ 

US 6.29 UO 
6.24 l.H 9.80 

6.'6 1.n 10.31 
Ul 8.04 10.73 
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Life C de Coals and Payback Ptfiods of Uprkk Freezer • A tic Dcf om
(A11A *)

pr~ccm Mh. LMx l& Iuobw y Rowl
bck w Caa cost is luau Wr 1Piic

bascbc 419925) (19925) Gsss'(*J.!6) (19924

Bsscfmo 5261.46
5% SZ72.44
10% 523731
15% $31828

$359.73
25% 137+6.39
30% $33-19
35% * $41631
40% • $42849
4S% • $13942
50% t £5(U39

Awa►at 1luoastaialy ^etnDitvc jj
6saty Iit,c is Eagy Hsyhadc

tSWh) tUac ^E 96) (Yaets)

784110 -
744.50 I.0%
705.60 1.2%
666.40 2.2%
627.20 4.4%
583.00 5.3%
$48.80 79%
509.60 9.0%
470A0 110%
43120 13.0%
39100 160%

lifacycie i
(19923)

4% 6% 10%

Cogctfatuasvad 138

4% 6% 10%

D'Atv
t7 tkiti ty

1.trdiun ► Vcl

NA 11.569 25 3L4(2.91 81.190124 NA NA. NA
732 81 16612 51 .391766 81,19337 4.99 5.44 7.45 IOOD%
639 $1.531.10 51.39106 11.19141 139 6.42 8.74 871296 72 It
12.63 $1.554.75 58.42192 $1,239.22 7.92 9 .45 1225 S&3% 11.3%
16.3$ $1,601.70 51476,68 $1,304.13 10.28 12ZS 16.67 46D% 57.716
15.33 51.59162 51.474.42 $1,313.21 961 11 A6 15.59 27.7% 50.7%
14.06 31,570.36 $1,460.97 $1.310.52 8.83 10.53 14.33 21.3% 325%
14.x0 51.587314 51.486.36 $1346.65 9.29 1 t -07 15-06 15,09E 21.0%
13.44 *1,566 .74 31 ,472.97 5134401 L14 10.43 1418 98% 19 0%
13.18 $1,543121 51 .457.06 $133t$$ 327 9.06 1141 (0.7%
16.06 1$1,639.4 5 $U61.31 $1.45394 10128 12.02 16.35 0.896, 5-3%

(1) TQml Vaisme == 15.7 ask (AHA}11 avaxr0 for d& pcodaa clsss).
(2) 8asa^i^c axe is tot AHAWfs 1993'adjosood male !' (ii-L* c edvsrmar i fof (C Ya^px$ m X93 aaniscd).
(31 Bstchie w W paiac is [Dons do 1992-1993 IWVWiata Aa..i Ssus catalog, pagc I SK A prim at 1560 vas lwui 6x a Cranes z opd& " &hau. I SA w 0

icaa7bis tootld mots a 02 nspea dre !993 sM*dad . ik Sears cat was iearsatcJ by A14AI(a aaa adoal l at $4135 Am Ciaepsca aarl dcll93
8asc] /teyis^^aokcIuu lcc 1*as calcuktsd buss at a acW1 ooas. aspataagl a auafutp 6dcr of 23 (soe sate 6).

(4) o WNri( R 1N ,

(S) Laalhtioo atd nrduAeataaot : combat nat iacrodod k dw abaft sadcclaticam.
(63 unt tp fad ls assttnsod ss be 23 . Ibb. mpwwos dss average al attatlcup fac/ass foc hies podwa dam In the 2989'ISD.
(7) t4fetimee is 21 yta -

(8) Uac+ u&q is ootr y in b bass AILAl fs 19% FAam O9tia ® Ctoaalaaive Asvlpio aas4 acpacsoft Iwo stsa t d deviaaictat:_
(9)DadsO aiooFmibs (AHAI 100%-VWdyfrsti a 096 c sco4 ican"6k.
(10) NsissiyB Tips]at 24sdiOae Volacc' f A11Al4100 ... pry wpdve inVsca: 0%= annaLMW
!tloa all c oaps isa wbasittaddaq a4i w 188111 point .btariig =coo" snaaiaucm Rodaically cacibie 4czi$

-
510.98
$14.77
$31.06
341.43
Sld..66
$11.80
33861
511.82
$11173
56297

NA

t^A
NA
NA

NA

160135
562661
$66639
$732111

2739
3*65.70
$19233
5958.81!
$906110
$1011167
$1155.50
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BaSdio.c 
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IUte/al 

ure C)de Costs aad PaJbam Pmods of lJrrighc Fretz"" • AIIdomatk: DtItOfit 
(ADAM) 

w... lM:t. Uti.. IIGtuteWy R.cuil A.owal t~ ~kiwc 
eo.. c., ill 1aI!s. Wd'r fric,e fnop U.-c u.~ f-)badc 

(1992S) (l992S) eua'(.J.~) (1991S} ~Wb) lfK(tJ.~ (Jan) 4~ 

$261..46 
, 

S60U5' 114.00 NA 5 1.569 lS - - -
$2lU4 $10.98 «A $6lLS..61 7«..so I-K 1.n 1l>t6.11 
ml.ll SIUl ~A $66059 1QS..60 I.l~ 1.19 51.S)l.10 
$]11.2. SlI.06 ~ S1l2JM ~.40 IN 82.61 susus 
Sl5l9.11 ~1.4j ~.3& 627.20 4.4~ 16.38 $1.601.10 

I, 

S31U9 Slues U65.iO It S8l.OO H1L IS.1) Sl.stl Ai2 
$111.1' $11.10 S192.83 548.10 1.K I·US SI,.s1(ll6 

" It SUUl m.68 ~ ~ 569.60 9."' lUG sun,. 
• $(lIb9 $11.11 NA S9a6.oo 410At) II.M. lU. S •• S66.14 
• SU9.Al sian ~ 5101&.67 431.:20 13.0'1. lUI Sl.suot 
~ s.sm.39 1&291 NA S1U1.5O 391.00 16K J6.OIS $1,6».-4$ 

Au .f"'''1I: 
(1) T_I vw.mc= 153 4111* (AIIA.W l~ .. CAp for .. poa.a ~). . 

lifcqdcCb1S ec.:.olr~bcto 
(l992S) (c:cauAWIO 

6l£ 101. 4~ " IK 

SJAll.9I SI.I9I.Q4 NA N.\. NA 
S1.1n-'6 U.891.A1 H9 $-~ HS 
SI.l9l.M ."'91.61 1.39 '.42 1.14 
S .... lUl SU19.l2 1.91 9.4S llti 
SI.·06.61 SI ••. 11 10.21 IUS 1&.61 
SU1H2 It.laUI 'Ail 11..46 Jug 
SI.46O.9J suaCl.Sl 1.11 lOS] 103 
$1.416.36 $l~ 9.29 au} 15.06 
il.-Ul.97 51.3«0. U4 IO.4l lUI 
SUS1.06 51,nus 137 UI6 13.41 
n.S6Ul SUS314 10JII rUll tlUS 

(2) Basc:liei; aIItCU esc "for AILUI\r; 1993 -adjadod .... ~ wIjePmeea tbt ~~IOII~ IIaJderd). 
(J) BadiM:", pice is 60aa ILc lm-l9sa IWwwmrcr ~ ~ ~ ~ 1M A pia: 01 $S6O wu fuud l.lr. [--= .pip iM'lDIInI8O: «Crot&.. lS.$1:U fl 

bc:u6.1bb IDOfJddoenoclll!XlAeI99'3 ......... 'hOScasoxt waa iDlaascdbf AllAM'. c:ma~ 01 '41.35 b ere iIapKa....s tLcl~ ~ 
B.tIdi.c ..... lIctIlllfcal ... ....-oWed 6 .. abc JdIi) cost.llS:AlllWa • -tup ~ 01 13 (.cc IIQIC 6). 

(4) ... f1l CIcaridIy • U CCIIIt1JkY4 I 

ts) le.telWicG ... -k.cMlOCC COlts ~ 1IOl--.w .. I»abotc c:abWioacL 
(6} Udup fIK:aDr k..--d 10 lieU. '!'Ii up..- die -.01 mutup ~ '" &iris ~dIilI ba die 1M'ISO. 
p) Ufai.c iI:11 JCaB. .' i' . . 
(8) ~ iacaav-- b fIoIIlAllAfr£. 1998 &au¥-CIIOMIIIeivoAMlpia ...s~ 'I two Alln!.bd_iaaiou. 
(9) .... esc-~(A~ l~"''WlI,faaiiwe;KcllDl'''"We. . 
(10) ..... ~UGtiIy .. aw-. VclllDc!~AIlAN): loos,';' .. -&-'i.,e impa; K-... ~ 
.,·tb a1I~ ........... a6cr~piDl.~CIIC.CCOIW .... Ji!QI!na"VW~ &.dk4eaipl. 

,I 

~ ~ 
0ptiuD lJ'litil1 

M4ibilicy ~IVill 

- -
9Q0'l. 100.0$ 
11..0% 7Ui!. 
S6.lf> 1B.l'1t. 
46D'1. :H.l1b 

11.1'1> ~.1'A. 

UK 325'io 
11.0'1. 11.&1. 
9..8"- 19M. 
'-8'51. 10.1'4 

"~ 5.3'4 
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tk Cycle Ca61s and £ayback Pe k ds of Uptight Freezes - Mansaal Dtfmt
(A11AAi)

Pjacacw M&. 1aa . Mfr. Uw eruicity Rcst7 Am" Uococtair y Cta*Lalivc lifacyck emu Coal c1 Et Design Mmkrtiu4
Lc1aw Cwt Cosa in h=. Mfr prim gy Uao in Etcrgy Playback (19925) (Dpteorl tkility

Aaedac ( 1992$) (19925) Cost +1- %) .(199253 (%Wh) the (+E- %) (Yens) 4% 6% 10% . I 496 3/ediuim Vc4

6asdiac 5167.0$ - ;32439 506..0 "A 51.00898 59118.12 5169.40 HA HA UA
5% 519446 116.91 $42334 481170 1.5% 17.54 $1.01620 592098 $789.20 HAG 13.12 17.1.5 923% 100198
10% 5193.46 39A0 $44897 455.40 20% 13-63 $ 106.19 191642 5791.57 1515 10.19 13.117 91.5% 69-091
15% 519994 16.47 NA' $45915 43410 2.3% 1151 5990.84 $90611 57237.19 7.10 8.46 11.51 800% 520%
20% $? )946 3952 NA $411.75 404.80 4 . 1% l0 9l $984 50 $90032 $789$4 6.$6 8.19 1114 65.896 31.3%
25% • $219.42 $097 550144 37930 7.3% 1031 $973.19 $b91.55 579351 6.78 80 11.0 4110% 2539E
30% • $7:843 38.01 NA.' $52539 354.20 &5% t0 $96268 $492.02 $79497 663 IN 00.7$ 32.35E 02.5%
35% • M01 $3344 NA ! I 5600..76 326.90 313% 14112 $10*31 $925 $833.02 839 30.49 0416 15 -3% '3%
40% • 1273 .03 9941 NA S623.41 30360 20.0% HAS $99639 $937-79 585434 11.42 10,06 1366 66% 00%
45% • $275.90 $432 HA, S63;.56 178.30 HA 12.49 $978 .14 2922,67 U4637 ?.ffi3 9.34 12.71 23% 00%
$05 • $3305$ $5449 516034 253.00 . HA 1604 I sloe-W $!.0022.26 $95290 10.59 1263 17.19 09% 0 0%

(()Told Vie a 14.1 co k (ARAN 1999 twu e f ails prods{ data).
(3) Bi 4*oc comqo we is far AlIAt+i a 19913 iwoaa-(iizi des .J jt aoe Q im9&m.nJ 93 at-lard!.
(3) tlasadisc mad pion is hem The 19922993lW1lWieses Arsrsal S t a r camliug, pslc 15111. A VAX 0 1 5 3 5 0 was 16M Cm t e c h oAtwa 1 C a r i i w . i

ftccaas of die 133 cm ft.od 16 cu 0. ll4thm model set ales 19913 atao4ud. The Sam coot araa i t* 4 by A11AU can *JjosuAcrA foeC1'C ' amd Ac W93 mm&ja of 534.29
Bss4i C tata..tattecss oases was cak,Wo4 boas i i zsll vast„ snlamirq s e leap (actos0123 (at: note 6).

(4) t'aica ofdsxtricitjt - 81.8 cwt*liuA. (
JJ
I

(5) losrailasicau stud saweampoa masts an °'"T inciudod ic s ie a6o +rG a►Lanhti0t.
(6) Nasbp factor is arwecwd w bo la Ws m sbo, of souk p CmsKas b 4ispoaw c0* s is ft /988150.
(3) citctisca is 21 yeas,
(8) U.cuw *y is a, zj sc is troaa s 1992 EucIly 004 era C.rod dre M.lya a and nq aescsts twos"taGa11as1 &-virtiom.
(9a Dc n lfpet * lipm 11ky (3J1&34 ) =$ 1y ftw ;0% wt Cta,si6k..
(101 ila rtIir I>Whcy M ldodraaa VoIsim (A11A). 000% = ipo suepai•e i lpacr 0%- saw msrkeYaMe.
•liot U mtgapsrss<t ss4nlw4 data adaeu t►k wmz 3aaria^ mooeilod ntaxiaec a tosk*a a1y l^ s 1 k &si8s•
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~ Cydt C06ls and h}back Pea10cb of Upri&hl FrttUf' - M3 .. aI Dtfre.st 
(AUAM) 

MEt. loa. Mfr. U~ Rcuil J.Ana;d U~ C~ 
Cal Ol.l ioJaa.Mk Price EAuIY u.: in~, ~ 

li6:qde~ Cosa c:lCOill&uved ~J ~g.n t.Ma~ 
(I9~2S) (~ ~ UliJily 

MdIlC (l992S) (l99l$) Oo.$l (-tl-:".l.).(m'!S) (kWh) lhc( .. 1- '10) (yCIIS) 4.1£ ~ lQlil 49(,. .g£ IK ~d'ilill ~lIaVd 
'. , 

DudiAc: SI61.06 - - S31439 S06.00 . NA Sl.OO8.98 $9G8-11 rJ69.4O NA NA N.\ -~ 

SS 51&4.06 I169f NA $413..14 4ao.1O 1..5$ 11.54 SI))l6..80 $~ 5189.20 liM 11.11 IUS !r.l..ss 
1M. $193.4& S9AO 

~ i 

NAi: $4U.91 "SS.40 2.&1. 1).61 SJ,OOJ.l9 UaUl 57?JSJ US 16.19 11.11 91.~ 

l~ $19994 S6.41 NA' $4S9.l$ ·136.10 2.1% ILlI SIJ9O.&4 $96S al 51'JU9 1.10 U6 U.s. SOD'4 
2&1. $109..c6 ".51 NA $41l.1S 46UO 4.1~ 10." ~a.56 190011 ~.14' 6.8.6 8.19 IIl4 65.H. 
'2j~ • $21'.-41 5991 NA $5O-l.6a m.so 1.3" 10..11 $911J9 l~cnSS sm..sl 6.18 U9 U.oo 41..6'4 
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1998 NAECA Negotiation Summary
Automatic Defrost Refrigerator/Freezers

Original 1993 NAECA 1998 NAECA/RSG Final HCFC HCFC-free/RSG Final
Slope y-inter % below 1993 Slope y-inter Phaseout Slope y-inter

Top Frz Auto
Top Frz Disp
Side Frz Auto
Side Frz Disp
Bottom Frz Auto

16.00
17.60
11.80
16.30
16.50

355.0
391.0-
501.0
527.0
367.0

29.6%
26.0%
22.0%
29.3%
26.0%

9.80
10.20
4.91
10.10
4.60

276.0
356.0
507.5
406.0
459.0

-10.0%
-10.0%
-10.0%
-10.0%
-10.0%

10.78
11.22
5.40
11.11
5.06

303.6
391.6
558.3
446.6
504.9

Compact Refrigerators (7.75 cu ft or smaller)*
Original 1993 NAECA 1998 NAECA/RSG Final HCFC HCFC-free/RSG Final

Slope y-inter % below 1993 Slope y-inter Phaseout Slope y-inter
Manual Defr R/F 13.50 299.0 5.0% 10.70 299.0 -10.0% 11.77 328.9
Partial Defr R/F 10.40 398.0 5.0% 7.00 398.0 -10.0% 7.70 437.8
Top Frz Auto 16.00 355.0 5.0% 12.70 355.0 -10.0% 13.97 390.5
Side Frz Auto 11.80 50'1.0 5.0% 7.60 501.0 -10.0% 8.36 551.1
Bottom Frz Auto 16.50 367.0 5.0% 13.10 367.0 -10.0% 14.41 403.7
Upright Frz Auto 14.90 391.0 5.0% 11.40 391.0 -10.0% 12.54 430.1
Upright Frz Man 10.30 264.0 5.0% 9.78 250.8 -10.0% 10.76 275.9
Chest Frz Manual 11.00 160.0 5.0% 10.45 152.0 -10.0% 11.50 167.2

Freezer Products ( full-sized , lamer than 7.75 cu ft)
Original 1993 NAECA

Upright Frz Auto
Upright Frz Man
Chest Frz Man

Slope y-inter % below 1993
14.90 391.0 16.6%
10.30 264.0 14.2%
11.00 160.0 10.2%

Manual/Partial Defrost - Free Standing Products (Higher than 36")
Original 1993 NAECA

Slope y-inter % below 1993
Manual Defr R/F 13.50 299.0 24.4%
Partial Defr R/F 10.40 398.0 30.9%

*Compact Refrigerato s or Freezei

1998 NAECA/RSG Final
Slope y-inter
12.43 326.1
7.55 258.3
9.88 143.7

1998 NAECA/RSG Final
Slope y-inter
8.82 248.4
8.82 248.4

HCFC
Phaseout

-10.0%
-10.0%
-10.0%

HCFC
Phaseout

-10.0%
-10.0%

HCFC-free/RSG Final
Slope y-inter
13.67 358.7
8.31 284.1
10.87 158.1

HCFC-free/RSG Final
Slope y-inter
9.70 273.2
9.70 273.2

7.75 cu ft AHAM (FTC reported) volume AND LESS THAN 36" in HEIGHT.are defined as being LESS THAN

LJS 8. 18.94 negotsu4.j
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1998 NlAECA Negotiation Sum'mary 
Automatic Defrost RefrigeratorlFreezers 

Top Frz Auto 
Top Frz olsp 
Side Frz Auto 
Side Frz Oisp 
Bottom Frz Auto 

Original 1993 NAECA 
Slope v-inter 
16.00 355.0 
17.60 391.0-
11.80 501.0 
16.30 527.0 
16.50 367.0 

% below 1993 
29.6% 
26.0% 
22.0% 
29.3% 
26.0% 

Compact Refrigerators (7.75 cu ft or smaller~ 

Manual Oefr RlF 
Partial Oefr RlF 
Top Frz Auto 
Side Frz Auto 
Bottom Frz Auto 
Upright Frz Auto 
Upright Frz Man 
Chest Frz Manual 

Original 1993 NAECA 
Slope v-inter 
13.50 299.0 
10.40 398.0 
16.00 355.0 
11.80 5011.0 
16.50 367.0 
14.90 391.0 
10.30 264.0 
11.00 1aO.O 

% below 1993 
5.0% 
5.0% 
5.0% 
5.0% 
5.0% 
5.0% 
5.0% 
5.0% 

Freezer Products (full-sized, larger than 7.75 cu ft) 
Original 1993 N~~CA 

Upright Frz Auto 
Upright Frz Man 
Chest Frz Man 

Slope v-inter % below 1993 
14.90 391.0 16.6% 
10.30 264.0 14.2% 
11.00 160.0 10.2% 

ManuallPartial Defrost - Free Standing Products (Higher than 36 ft
) 

Original 1993 NAECA 
Slope v-inter % below 1993 

Manual Oefr RlF 13.50 299.0 24.4% 
Partial Oefr RlF 10.40 398.0 30.9% 

I! 
~ 

.1998 NAECAlRSG Final 
Slope v-inter 
9.80 276.0 
10.20 356.0 
4.91 507.5 
10.10 406.0 
4.60 459.0 

1998 NAECAlRSG Final 
Slope V-inter 
10.70 299.0 
7.00 398.0 
12.70 355.0 
7.60 501.0 
13.10 367.0 
11.40 391.0 
9.78 250.8 
10.45 152.0 

1998 NAECAlRSG Final 
Slope v-inter 
12.43 326.1 
7.55 258.3 
9.88 143.7 

1998 NAECAlRSG Final 
Slope v-inter 
8.82 248.4 
8.82 248.4 

HCFC 
Phaseout 

-10.0% 
-10.0% 
-10.0% 
-10.0% 
-10.0% 

HCFC 
Phaseout 

-10.0% 
-10.0% 
-10.0% 
-10.0% 
-10.0% 
-10.0% 
-10.0% 
-10.0% 

HCFC-free/RSG Final 
Slope v-inter 
10.78 303.6 
11.22 391.6 
5.40 558.3 
11.11 446.6 
5.06 504.9 

HCFC-free/RSG Final 
Slope v-inter 
11.77 328.9 
7.70 437.8 
13.97 390.5 
8.36 551.1 

14.41 403.7 
12.54 430.1 
10.76 275.9 
11.50 167.2 

HCFC HCFC-free/RSG Final 
Phaseout Slope v-inter 

-10.0% 13.67 358.7 
-10.0% 8.31 284.1 
-10.0% 10.87 158.1 

HCFC 
Phaseout 

-10.0% 
-10.0% 

HCFC-free/RSG Final 
Slope v-inter 
9.70 273.2 
9.70 273.2 

*Compac~ Refrigerators or fr~~ze, are ~~flU~~:'~ ~eing LESS TI1~N 7.7~ cu ft AH~M (FTC rerOl1e~r¥ol~!11e j\ND LESS THAN 36" in HEIGHT. 
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Figure 1

Change in Refrigerators for Ex -Manufat
Price Versus Consumer Pr ices Index

Consumer Price Index - All ---^°- Average KWh/Year Refrigerators/10

--^---^ Producer Price Index Refrigerators -A PPI/CPI/Refrigerators - Value
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Figure 1 

Change in Refrigerators for Ex-Manufacturer 
Price Versus Consumer Prices Index 
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Figure 2

Refrigerator Industry
Value at rlous Standard Levels - Automatic Defrost Refrigerators

767 Base
Value
1MM 600

40Dt

200-

2095
-4--

L8L Markup

Reduction In
35% 48% Energy

' Consumption
from 1993
Standard

Cost Pass Through

Note: °LBL markup" represents a 30% p from rnarwfacturer cost to manufacturer price
and is derived from L8L pubibhed marfa i from manufacturer costs to retail price
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Rgure 2 

Refrig~rator Industry 
Value at Various Standard Levels - Automatic Defrost Refrigerators 
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Figure 3

Refrigerator Industry
Value Loss at Various Standard Levels - Automatic Defrost ReN
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Figure 3 

Refrig~rator Industry 
Value Loss a~IVariotis Standard Levels .. Automatic Defrost Refrigerators 
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Figure 4

Freezer Indust
Value at Proposed Standard Level

Industry
Value $MM

Base Case Cost Pass Through Cost Plus 30% Mark-up

i
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Figure <4 
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nin1lull] L1

Energy s of 1998 NAECA s
Annual Prod* AV** 1993 RSG 1998 Annual Watt/hr savings

Top Frz Auto 4,506,765 21.7 702.20 488.66 962,374,598,100

Top Frz Disp 75,772 25.4 838.04 615.08 1 6, 894,125,120
Side Frz Auto 399,291 26.3 811.34 636.63 69,758,932,737

Side Frz Disp 984,793 25.4 941.02 662.54 274,245,154,640
Bottom Frz Auto 93,213 24.8 776.20 573.08 1 8,933,424,560
Single Door R/F 160,000 16.2 542.09 467.14 1 1,992,640,000
Compact R/F 812,012 7.0 433.27 411.61 1 7,591,171,543
Upright Frz Auto 155,798 26.0 778.40 649.28 20,116,637,760
Upright Frz Man 471,256 24.4 515.32 442.52 34,307,436,800
Chest Frz Manual 803,621 26.0 446.00 400.58 36,500,465,820

Total Watt hour Savings (( outlet) =

Total Energy Consumption of ALL Ref/Frz and Frz (at utility):
2.017 QUADS

FIVE AUTO-DEFROST Refrigerator/Freezer Product Classes

Total Energy Consumption of Auto -defrost :
1.278 QUADS (at Utility)

Total Energy Consumption If ALL Auto-defrost @ 1993:
0.755 QUADS (at utility)

Total Energy Consumption if ALL Auto -defrost @ RSG 1998:
0.532 QUADS (at utility)

SINGLE DOOR REFRIGERATOR/FREEZERS

Total Energy Consumption of Single door Ref/Frz :
0.151 QUADS (at utility)

Total Energy Consumption of Single Door Ref/Frz if ALL t 1993:
0.088 QUADS (at utility)

Total Energy Consumption of Single Door Ref/Frz if ALL @ RSG 1998:
0.084 QUADS (at utility)

COMPACTIUNDERCOUNTER REFRIGERATOR /FREEZERS

Total Energy Consumption of Compact Ref/Frz :
0.052 QUADS (at utility)

Total Energy Consumption of Compact Ref/Frz If ALL @ 1993:
0.042 QUADS (at utility)

Total Energy Consumption of Compact Ref/Frz If ALL @ RSG 1998:
0.040 QUADS (at utility)

THREE FREEZER PRODUCT CLASSES (8 cu ft +)

Total Energy Consumption of Freezers :
0.535 QUADS (at utility)

Total Energy Consumption of Freezers if ALL t 1993:
0.260 QUADS (at utility)

Total Energy Consumption of Freezers if ALL @ AHAM:
0.230 QUADS (at utility)

1,462,714,587,080

Convert to Stu's - 16 years - 30.8% Utility Efficiency

259,261,411,486,623 BTU's

RSG 1998 Savings =.223 Quads

RSG 1998 Savings = .004 Quads

RSG 1998 Savings =.002 Quads---

RSG Savings =.030 Quads

TOTAL RSG 1998 Savings =.259 Quads

` Figures are from the 1991 and 1992 AHAM Energy Audits.
** Adjusted Volumes used for Standard Estimates

US 8.18.94

negotsu4.g
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Energy Impacts of 1998 NAECA Negotiations 
Annual Prod" AV·· 1993 RSG 1998 

Top Frz Auto 4,506,765 21.7 702.20 488.66 
Top Frz Disp 75,772 25.4 838.04 615.08 
Side Frz Auto 399,291 26.3 811.34 636.63 
Side Frz Disp 984,793 25.4 941.02 662.54 
Bottom Frz Auto 93,213 24.8 776.20 573.08 
Single Door R/F 160,000 16.2 542.09 467.14 
Compact R/F 812,012 7.0 433.27 411.61 
Upright Frz Auto 155,798 26.0 778.40 649.28 
Upright Frz Man 471,256 24.4 515.32 442.52 
Chest Frz Manual 803,621 26.0 446.00 400.58 

Total Watt hour Savings (@ outlet) = 

Total Energy Consumption of ALL Ref/Frz and Frz (at utility): 
2.017 QUADS 

FIVE AUTO-DEFROST Refrigerator/Freezer Product Classes 

Total Energy Consumption of Auto-defrost: 
1.278 QUADS (at utility) 

Total Energy Consumption If ALL AutO-defrost@ 1993: 
0.755 QUADS (at utility) 

Total Energy Consumption if ALL Auto-defrost@ RSG 1998: 
0.532 QUADS (at utility) 

SINGLE DOOR REFRIGERATOR/FREEZERS 

Total Energy Consumption of Single door Ref/Frz : 
0.151 QUADS (at utility) 

Total Energy Consumption of Single Door Ref/Frz if ALL @ 1993: 
0.088 QUADS (at utility) 

Total Energy Consumption of Single Door Ref/Frz if ALL@ RSG 1998: 
0.084 QUADS (at utility) 

COMPACT/UNDERCOUNTER REFRIGERATOR/FREEZERS 

Total Energy Consumption of Compact Ref/Frz : 
0.052 QUADS (at utility) 

Total Energy Consumption of Compact ReflFrz If ALL@ 1993: 
0.042 QUADS (at utility) 

Total Energy Consumption of Compact Ref/Frz If ALL@ RSG 1998: 
0.040 QUADS (at utility) 

THREE FREEZER PRODUCT CLASSES (8 cu ft +) 

Total Energy Consumption of Freezers: 
0.535 QUADS (at utility) 

Total Energy Consumption of Freezers if ALL @ 1993: 
0.260 QUADS (at utility) 

Total Energy Consumption of Freezers if ALL @ AHAM: 
0.230 QUADS (at utility) 

Annual Wattlhr savings 
962,374,598,100 
16,894,125,120 
69,758,932,737 
274,245,154,640 
18,933,424,560 
11,992,640,000 
17,591,171,543 
20,116,637,760 
34,307,436,800 
36,500,465,820 

1,462,714,587,080 

Convert to Btu's - 16 years - 30.8% Utility Efficiency 

259,261,411,486,623 BTU's 

RSG 1998 Savings = ,223 Quads 

RSG 1998 Savings = .004 Quads 

-'- RSG 1998 Savings = .002 Quads---- -

RSG Savings = .030 Quads 

TOTAL RSG 1998 Savings = .259 Quads 

• Figures are from the 1991 and 1992 AHAM Energy Audits. 
•• Adjusted Volumes used for Standard Estimates 
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