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I. 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. Both LBL and industry’s analyses already areinthe

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. - T ' ’ o ' T

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 impiemented 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.

4) 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) - ERA accuracy ‘
b) Design option feasibility/marketing utility

) Impact of increased wall thickness

d) Variance and uncertainty in LBL assumptions, including cost assumptions
e) Additional obsolete design options '

) Unrealistic cost assumptions

g 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 wasto
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 prolect 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 aiso 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.

e 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 rellable des1gn

" option in the production of a 1998 compliant product. Several major issues remain unsolved. T

e Vacuum panels must be used in concert with foam insulation (polyurethane foam is the mechamcal
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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o Polyurethane foam averages about 15 cents per board foot. Powder filled panels are $2.50 to $3.50
per board foot and fiber filled paneis, $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. ﬁ

i 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.

) 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.

2) Other Significant 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 hlstorlcal mark-

ups were highly unlikely and could not be anticipated when judged against recent events. T o

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 efficienciés — 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.

HRA R KRR NK KR

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.

B. 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 mcreased
energy impact. b

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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) HCFC Phase-Out

Hundreds of chemicals have been assessed in an attempt to implement the most energy efficient, reliable am
environmentally benign substitutes for CFC-11 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.

L2 £33 2223 3]

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 in 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 vacuuim 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 a longer 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 pregise result, although manufacturers’ impact must be considered.

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 beheve greater energy
savings and lower industry impacts than the more tradmonal 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 s 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) LBIL 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 mmulatlons

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).


jposton
Rectangle

jposton
Rectangle


EE-RM-93-801 COMMENT 49

Joint Comments Relating to Energy Conservation
Standards for Refrigerator/Freezers
Page 16

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 bmldable 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. :

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

e 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, muillions, 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).

) 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 that there 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) AHAM 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-Il 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, 1f 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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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 penaity 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 standardto apply to a small number of unitsallows 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.
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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(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 smailer 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.
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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
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manufacturers would have to drastically reduce product offerings because of their mabxhty 1n1t1ally 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 tefrigérator-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: o

" Energy standards equations (Kwh/yr)
Effective dates

P t Cl
roduct Class " January 1, 1990 January 1, 1993

e
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)

(23.5AV+471) (16.0AV +355)

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

4. Refrigerator-Freezers — automatic defrost with: Side-

(27.7AV +488)
mounted freezer without through-the-door ice service :

(11.8AV+501)

(27.7AV +488) (16.5AV +367)

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

‘6. Refrigerator-Freezers — automatic defrost with: Top- (26.4AV +535) B (17.6AV 391)

- mounted freezer with through-the-door-ice service- . S b o e

7. Refrigerator-Freezers — automatic defrost with: Side- (30.9AV +547) (16.3AV+527)
mounted freezer with through-the-door ice service

8.  Upright Freezers with:..Manual defrost - .. (10.9AV +422) (10.3AV +264)

9. Upright Freezers with: Automatic defrost (16.0AV +623) (14.9AV +391)

10. Chest Freezers and all other Freezers

(14.8AV +223)

(11.0AV +160)

'Including all refrigerators with automatic defrost

AV = Total adjusted volume, expressed in Ft®, as determined in Appendices Al and B1 of Subpart B of

this Part.

(3) 1998 Energy Conservation Standards.
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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:

AﬁOchment 1
2/3

HCFC-Containing HCFC-Free
Product Class Product Product!
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 (AHAM/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 7.00AV +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 = " 12:43AV4+326.1 | 13:67AVE 35
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 partial @efrost refrigerator-freezers (exchudes | | T
compact refrigerator/freezers)
1. Manual defrost 8.82AV +248.4 9.70AV+273.2
2. Partial automatic defrost 8.82AV4-248.4 9.70AV+273.2

!See subsection B(i).
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(B) Application of HCFC-free energy conservation standard.

®

(if)

(iii)

v)

)

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.

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. manufactureéd 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

¢. 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).

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. :

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.

The HCFC-free energy conservation standard shall terminate [six years from basic
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 comment.


jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle


Attachment 2

1/8

Life Cycle Costs and Payback Perlods of Top-Mount Auto Defrost Refrigerator-Freezer (no TTD features)

EE-RM-93- 801 COMMENT 49

ERA Simulation: Draft Verslon

20/93

|

Manul’y Incs. Mit Retsil Annuel Annual  Cumulative Lifecycle Costs; Cumulative CCE
Level Option Cost Cost Price Energy Use Encigy Cost  Payback (1992%) ; (cents/k Wh)
(1992%) (19923) (19923) (kWh) (19928)  (years) 4% 6% 10% 4% 6% 10%
N 0 |Baseline $267.98 - $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 $s5s 149 $1,33927 $1231.38 $1,078.86 1.00 1.18 157
. 2 |1 + 5.80 EER compressor $274.48 §4.00 $631.30 587.65 §52 m $1,31050 $1,208.32 $1,063.88 1.49 175 233 .
| 3 |2+ decr cond motor power $278.98 $4.50 $641.65 562.10 $49 281 $1.291.32  $1,193.58 $1,055.42 1.88 222 296
4 13 + decr evap motor power $285.48 $6.50 $656.60 52928 $47 339 $1,26830 $1,176.28 $1,016.19 227 267 356
5[4+ 172" insulation 1o doors $289.20 312 $665.15 511.00 $45 162 $1,25576  §1,166.91 $1,041.31 242 285 381
6 15 + 172" insulation 1o walls $301.09 $11.89 $692.51 47085 $i1 447 $1,2670  $1,154.85 $1,039.11 300 353 in
7 |6 + reduce gasket leak 7% $304.10 $3.01 $699.43 459.90 $40 4.62 $1,23098 $1,151.02- $1,037.97 3.09 3.64 4.86
8 |7+ 17 insulation to doors $307.23 $3.13 $706.64 448.95 $40 476 | $1,22553 §1.147.47 $1.007011 g 3.6 5.01
9 I8+ 1" insulation to walls $316.27 $95.03 $121.41 42340 . $17 524 $1.216.77 §1,143.15 $1,039.08 358 413 531
1 10 |9 + increase evaporator area $319.62 $3.35 $135.12 416.10 $37 544 $1,21604 §1,143.70 $1,041.42 3.64 429 5712
~ 11 {10 +incr condenser area $322.98 $1.36 $742.86 408.80 $36 563 $1,21534  $1,144.27 $1,043.78 n 4.44 592
1 12 |11 + adapiive defrost $330.15 $1.17 $759.34 397.85 $35 6.10 $1,219.17  §1,150.00 $1,052.21 409 481 6.42
13 112 + Nuid control valve $340.09 $9.94 $182.21 383.25 $14 6N $1,225.16  $1,158.52 $1,064.32 449 529 1.05
14 |13 + 6.0 EER linear compressor]  $349.59 $9.50 $804.06 37268 1 73 $1,23479  $1,17000 $1,078.39 490 s 769
15 114 + voltage controller $374.91 $25.32 $862.29 356.65 $3 9.08 $1L.27450  §1.21249 §1,124.83 6.09 116 9.56
16 |15 + improved expansion valve |  $446.29 $71.38 $1026.47 341.65 $30 1444 | $1,42135  $1,361.91 $12711.97 9.68 11.39 15.20
17 4 + reduce gasket leak 7% $288.49 $3.01 $663.52 518.30 $46 3.67 $1,26257  §1,172.45  $1,045.05 246 290 3.86
18 |14 + fluid conurol valve $298.43 $9.94 $686.39 496.40 344 474 $1,260.12  $1,173.81  $1,051.79 318 374 499
19 15 + increase evaporator area $301.78 $3.3§ $694.09 489.10 $43 5.04 $1,259.39  $1,174.35 $1054.13 338 3198 5.30
20 |16 + increase condenser asea $305.04 $3.36 $701.83 481.80 §42 532 $1,25869 $1,174.92 $1,056.49 35t 420 5.60
2) {17 4 adaptive defrost $312.31 $1.17 $718.32 461.20 $41 5.88 $1,25830 $1,177.07 Sl.b62.2] 3.94 464 6.18
22 {18 + vacuum panels on W&D $359.06 $46.75 $825.84 383.25 $34 847 $1,268.80 $1,202.16 $1,107.96 568 6.68 891
23 |19 + 6.0 EER lincer compressor]  $368.56 39.50 $847.69 372.68 3 9.01 $1,27843  $1213.63 $1,122.03 6.04 711 9.48
24 120 + volisge controlier $393.88 $25.32 $905.93 356.65 $i1 1070 | $1,318.14  §1,256.13 $1,168.46 717 8.44 1125
25 J21 + improved expansion valve |  $465.27 $71.38 31070.11 341.65 $30 1598 | $1,464.98 §1405.58 $1321.60 1070~ 1260 16.81

Assumptions:

(1) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an actual 18.0 cubic foot rc[ngculor
(2) Manufacturer cost of the baseline unit was interpolated from the AHAM manufacturer cost vs kWh curve for this product class.

Using a lincar interpolation between the two closest points on the AIIAM asrve 1o the ERA bascline consumption of 664.3 kWh, the ERA bascline cost is $616.35.
(3) Electricity cost = 0.088 $&kWh  (average cost in 1998 obuained fiom an interpolation of the 1995 and 2000 prices of electricity forecast in DOI's Annual Energy

Outlook 1993, inflsied to 1992 dollars). The interpolated value (Tor 1998) is 0.082 $/kWh (19913). Aficr adjusting for inflation from 1991 10 1992, it becomes 0.085 $/kWh.

The elearicity price wat then adjusted by an enduse factor for refrigesatoss 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) Bascline: Compressor EER = 4.98; Evaporator fan motor power = 9.1W; Condensér fan motor power = 12W,

Insulation thickmesses: freezer door and sides are 1.50" and 2.157, fresh food door and sides are 1.50 and 1.70". Foam resistivity is 0.58 m2-degC/W-cm.

Evaporstor and condenser areas: 2.22 sq.m and 0.64 sq.m, sespectively.

(8) Level 22 assumes that 50% of total wall and door surface area is covered by 17 thick vacuum pancels. The dclta cost (compared to foam insulation) assumes & variable cost of
$1.20 pes board foot, which includes materials, instsllation labor and shipping. A depreciated investment cost of $10/unit was also assumed. Both costs are derived from
Waldron, 1.M., "Vacuum Pancl and Thick Wall Foam Insulstion 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 conmulative engineering paybsck period
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%

Life Cycle Costs and Payback Perlods of Slde-by-Side Refrigerator-Freezer (with TTD fenlurLs)
ERA Simulation: Draft Verslon |

Manuft  Inc. MIr  Retadl Annual  Annual * Cumulative Lifecycle Costs Cumulative CCE
Level Option Cost Cost Price  Energy Use Encrgy Cost  Payback® (19928) __ (centsk Wh)
(19928)  (1992%)  (1992%) GWh)  (19923)  (yearns) 4% 6% 10% 4% 6% 10% -

0 |Baseline $597.31 - $1373.81 80104 §10 NA $2,298.80 $2,159.65 $1,962.93 NA NA NA
I 10+ 5.56 EER compressor $599.81 $2.50 $1379.56 151.63 367 §.51 $2,25443  $2,12282 $1.936.76 1.01 1.19 158
2 |1 + incr evaporator srea $601.94 213 $1384.47 74185 $65 205 $2.241.01 $2,11224  $1,93006 1.3 1.61 2.15
3 |2+ decr cond motor power - | $606.44 $4.50 $139482 T4 $63 275 $2219.56 $2,095.49 $1,920.09 1.84 21 2.89
4 |3 +5.80 EER compressor - $610.44 $4.00 $1404.02 690.55 $61 in $2,201.42 $2,081.47 $1911.88 208 245 .
5 |4 + inct condenser area $613.18 $274 $141032 674.717 $59 3.29 $2,189.50 3207228 $1,906.57 2.20 2.59 3.46
6 {3+ 1" insulation 10 doors $62032  $1.14 $1426 74 63925 $s56 372 | 52,164.90 $2,053.85 $1.896.87 249 293 391
T {6 + dect heat load for TTD $621.19 5247 $1433.34 623.47 $55 381 $2,153.28  $2,04497 §1,891.86 255 300 4.01
8 |7 + 1" insulation to walls $650.02 $26.83 $1495.05 540.60 $48 529 $2,11930 $2,025.39 $1,892.63 3.54 417 556
9 |8 + decr evep motor power $656.52 $6.50 $1510.00 520.87 $46 5.53 $2,111.46 $2,02098 $1,893.07 3.70 4.36 5.81
10 {9 + decr gasket loss 14% $663.62 $1.10 $152633  505.09 $44 5.86 $2,109.57 $2,020.83 §1,897801 392 4.62 6.16
11 110 + adaprive defrost - 3668.08  $4.46 $1536.59 49720 . 44 6.09 $2,110.72  $2,02435 §1,902.25 4.08 480 6.40
i2 |11 + 6.0 EER linear compressor| $677.58 $9.50 $1558.44 481.41 $42 6.57 $2,11435  $2,03072 $191250 440 5.18 691
13 |12 + volisge controller 369063  §13.05  §I588.46 46071 $41 117 $2,12045 $2,04042 $1921.28 4.80 5.65 7.54

14 113 + fluid control valve $70090 31027 $1612.08  449.84 $40 1M1 $2,131.53  $2,053.38 $1,94291 51 6.08 8.11
15 {14 + improved expansion valve | $77207  $71.17  $17715.77 43363 18 1244 | $227650 $2,201.17 $2,09468 8.33 9.80 13.08

. !
16 |5 + dect heat load for TTD $616.05 $2.87 $141692 - 66293 31 ] 355 $2,18243  $2067.27 $190447] 238 2.80 n
17 {16 + decr evap motos power $622.55  $6.50 $1431.87 63925 $56 4.08 $217004 $2,05899 $§190201 1 273 i 429
18 |17 + adaptive defrost §627.02  $4.46 $1442.14 62741 $55 448 $2,166.63 $2,057.64 $1,.903.56 3.00 3.53 470
19 118 + decr gasket loss 14% $634.12  $1.10 $1458.47 61163 $54 5.08 $2,16474 $2,058.49 $1.908.29 3.40 401 534
20 |19 + vacuum panclsinW & D | $685.44 $51.32 $1526.51 501.14 $44 7169 $2,155.19 $2,068.14 §1945.07 5.15 6.06 8.08
21 ]20 + voliage controller $698.49 $13.05 $1606.52 479.60 $42 8.23 $2,16033 $2,07701 $1,959.24 5.51 6.49 8.65
22 {21 + fuid contro] valve $708.76 $10.27 $1630.14 465.63 $41 8.69 $2,167.82 $2,08693 $1972.58 5.82 6.85 9.14
23 |22 + 6.0 EER linear compressor}] $718.26 $9.50 $1651.99 45278 $40 9.09 $2,17484 $2096.18 §198499 6.08 1.16 9.55
24 |23 + improved expansion valve | $789.43  $71.17  $1815.69 43657  $38 13.79 | 32.319.81  $2,24397 $2,136.76 9.23 10.87 14.49
Assumptions:

(1) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an sctual 22.0 cubic foot reltigerator. A correction factor of 1.081 was

applied to the ERA values in ordet to account for the difference between the simulated and the actual baseline usage.

(2) Manufsctures cost of the baseline unit was interpolated from the AHHAM msnufacturer cost vs kWh curve for this product class,

Using & linear interpolation between the two closest points on the AITAM curve to the ERA baseline consumption of 801.04 kWh, the ERA lmclmc cost is $597.31.
(3) Elearicity cost = 0.088 $AWh  (average cost in 1998 obuained from an interpolation of the 1995 and 2000 prices of electricity forecast in DOE': Annusl Energy
Outlook 1993, inflated to 1992 dollars). The interpolated value (for 1998) is 0.082 $/AWh (19918). After adjusiing for inflation from 1991 10 [992 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 :bove calculations.

(5) Lifctime =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 = 8.0W; Condenser fan motor power = 11.6W.

Insulation thicknesses: freezer door and sides are 1.50" and 230", fresh food door and sides are 1.50" and 2.02". Foam resistivity is 0.53 m2-degC/W-am.
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 arcs is covered by 1" thick vacuum panels. The dela cost (compased 1o foam insulation) assumes a varisble co
$1.20 pes board foot, which includes materials, installation labor and shipping. A depreciated investment cost of $10/unit was also assumed. Doth costs are derived from
Waldron, J.M., "Vacuum Panel and Thick Wall Foam Insulation for Refrigerators: Cost Estimates for Manufacturing and Instatlation™,

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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EE-RM;%? 1 COMMENT 49
Life Cyclé Costs and Payback Perlods o d‘ y-Side Refrigerator-Freezer (without TTD ffatures)

ERA Simulatlon: Draft Version

Manufr  Incr. Mfr Retail Annual Annual - Cumulative Lifecycle Costs Cumulative CCE
Level Option Cost Cost Price  Energy Use Energy Cost Payback (19925) : (cents/kWh)

~ ‘ (19928)  (19928)  (1992%) (kWh)  (19928)  (years) 4% 6% 10% . 4% 6% 10%

0 |Baseline $396.00 - $910.80 753.41 $66 NA $1,780.79  $1,64991 §1464.89 | * NA NA NA
1 |0+ 5.56 EER compressor $398.50 $2.50 $916.55 705.68 $62 1.37 $1,731.43  $1,608.84 $1,435.54 092 1.08 1.44
2 |1 + 5.80 EER compressor $402.50 $4.00 $925.75 678.41 $60 2217 $1,709.14  $1,591.29 $1,424.68 1.52 1.79 2.38
3 |2 + decr 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 + decr condenser mtr power $413.50 $4.50 $951.05 620.46 $55 3.44 $1,667.51 $1,559.73 $1,407.36 2.30 271 3.62
S |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 31 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 2.80 330 4.40
7 |6 +.add 1" insulation to walls $46495  $4330  $1069.39 49091 $43 . 6.87 $1,63626 $1,550.98 $1,430.42 4.60 5.41 122
8 {7 + add 1" insulation to doors $47591 $10.96 $1094.59 461.05 $41 7.30 $1,633.91 $1,552.78 $1,438.08 4.89 5.75 1.61
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 contro} valve $49122  $11.20  $1129.81  443.18 $39 8.03 $1,641.57 $1,564.58 $1,45574 | 538 6.33 8.44
11 110 4+ 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 $117130 41932 $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 41591 $37 9.07 $1,660.17 $1,587.92 $1,485.78 6.07 7.15 9.53
14 |13 + voliage controller $539.13  $26.13  $1240.00  398.2 $35 1054 | $1,699.61 $1,63047 $1,532.72 7.05 8.30 11.07
15 {14 + improved expansion valve | $614.87 $75.74 $1414.20 38401 $34 15.50 $1,857.64  $1,790.93 $1,696.62 10.38 1221 16.29
16 |6 + fluid control volve $432.85 $11.20 $995.56 572.13 $50 5.34 $1,656.91 $1,557.41 $1,416.76 3.57 4.20 5.61
17 116 + reduce defrost heat $436.96 $4.11 $1005.01 56250 $49 - 561 $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 $1,65528 §1,558.75 $§1.42228 3.96 4.66 6.22
19 118 + 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 + vacoum panelsin W & D $501.75  $51.55  $1154.03 45341 $40 9.22 $1,677.59 $1,598.83 $1,487.48 6.17 721 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 42413 $37 116 | $1,723.52 $1,649.85 $1,545.69 741 8.79 11.73
23 |22 + improved expansion valve $612.16 $75.74 $1407.97 41012 $36 16.47 $1,881.55 $1,810.30 $1,709.59 11.03 12.98 17.31

Assumptions:

(1) Energy consumptions for the baseline and for each design option were obtained from an ERA simulation of an actual 22.0 cubic foot tcrrigem!or 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 vs kWh curve for this product class.
Using a linear interpolation between the two closest points on the AHAM curve to the (sdjusted) ERA baseline consumption of 753.65 kWh, the ERA baseline cost is $396

(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'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, 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 payback period.
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EE-RM-93-801 COMMENT 49

Life Cycle Costs and Payback Perlods of Top-Mount Auto Defrost Refrigerator-Freezer (wllh TTD features)
ERA Simulation: Draft Verslon

. Manuf't Incr. My Retail Annusl Annual  Cumulative Lifecycle Costs Cumulative CCR
Level Option Cost Cost Pricc  Energy Use Bneagy Cost Payback® (19925%) (cents/kWh)
(19928) (19925) (19929) (kWh) (19928)  (years) 4% 6% 10% 4% 6% 10%
0 {Baseline $492.83 - $1133.51 - 79570 $70 NA $2,053.17 §1.91482 $1,719.23 NA NA NA
1 {0+ reduce load for TTD $496.65 $31.82 $1142.29 759.89 $67 279 $2,020.56 §1,888.44 $1,701.65 187 220 293
2 {1 + 5.80 EER compressor $500.65 $4.00 $1151.49 72409 $64 28§ $1988.38 §$1,.86248 $1.684.50 191 225 3.00
3 ]2 + decr cond motor power $505.18 $4.50 $1161.84 696.24 $61 324 $1.966.5¢ §1,84548 $1,674.35 rRY 258 3.40
4 |3 + decr evap molor power $511.65 $6.50 $1176.79 660.43 $58 364 $1.940.10 $1.82527 $1,662.94 244 287 3.82
5 |4 + 17 insulation to doors $523.93 $12.29 $1208.05 624.62 $55 4.75 $192698 $1,818.38 $1,664.84 318 3.5 5.00
6 15 + fluid control valve $533.67 $9.13 $1227.44 €00.75 $33 5.48 $1921.78  $1.817.33  §$1,669.66 3.67 4n 5.76
7 |6+ 17 insuladon 1o wails $581.63 $47.96 $1331.4 509.2§ $45 8.10 $1,926.32 §1,837.78 $1,712.60 5.43 6.39 8.52
8 |7+ 6.00 EER linear compressor}  $591.13 $9.50 $1359.59 49333 $43 8.50 $1929.78 §1,844.00 $1,722.74 569 6.70 8.94
9 |18 + reduce gasket leak $596.41 $5.28 $1371L.73 485.38 $43 8.712 $1,93273  §1,848.33 $1,729.03 584 6.88 9.18
10 |9 + decrease antl-sweal heater |  $607.80 $11.39 $1397.94 469.46 $41 9.21 $1,940.53 $1,858.91 $1,743.51 6.17 7.26 9.69.
11 {10 + adaptive defrost $615.53 1.1 $1418.71 461.51 $41 9.60 $1.949.12 $1,868.87 $1,75543{ 6.43 1.57 10.09
12 {11 + increase condenser area $624.50 $8.97 $1436.35 449.57 $40 9.94 $1,955.96 $1,871.719 $1,761.29'} 6.66 7.84 10.46
13 {12 # voltage controller $650.02 $25.52 $1495.04 4303 $38 1124 | $1.99230 $1,917.50 $1,811.74 1.53 8.87 11.83
14 {13 4 increase evaporator area $665.84 $1582 $1531.42 425.70 7 1222 | $2,023.44 $1,949.42 3184479 ] 8.19 9.64 12.86
15 |14 + improved expansion valve| $744.96 $19.12 $1713.4) 409.38 $36 1706 | $2,186.53 $2,11535 $201473 ) 1143 13.45 1794
16 {4 + Nuid contsol valve $521.38 $9.713 $1199.17 632.58 $56 4.57 $1930.30 §$1,820.32 $1,664.83 3.07 361 481
17 16 ¢+ vacoempanelsinD& W |  $570.60 $49.22 $1312.38 521.18 $46 740 $1914.76 $1,824.14 $1,696.03 4.96 5.34 1.19
18 |17 + decrease anti-swest heater | $581.99 $iL39 $1338.58 501.29 $44 192 $1,917.97 $1,830.81 $1,707.59 5.30 6.24 8.33
19 118 + reduce gasket leak $581.27 §5.28 $1350.73 49133 $43 8.16 $1,92092  $1,835.14 $1,713.88 ] 5.47 6.44 8.59
20 {19 + 6.0 EER linear compressorf  $596.77 $9.50 $1372.58 '481.40 $42 8.64 $1,92897 $1,84527 $1,712694] 5719 6.82 9.09
21 |20 + adaptive defrost $604.50 $1.1 $1390.36 469.46 $41 8.95 $1,932.96 - $1,85033 §1,73593 5.99 1.06 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 6.30 742 9.89
23 |22 + voltage controller $638.99 $25.52 $1469.69 440.59 $39 10.76 $1978.91 $190231 $§1,794.01 1.21 8.48 11.32
24 123 + improved expansion valve |  $718.12 $719.12 $1651.67 2424 897 1585 | $2,14200 $2,068.24 $1963.96 | 10.62 12.50 16.68
Assumptions:

(1) Encigy eonsumpﬂom for the baseline and for each design option were obtained from an ERA simulation of an actua! 22.0 cubic foot refrigerator. A correction factor of 1.09 was

applicd to the ERA values in order to account for the difference between the simulated and the actual baseline ussge.
(2) Manufacturer cost of the baseline unit was Interpolated from the AHAM snanufacturer cost vs kWh curve for this product class.
Using a lineer interpolation between the two closest points on the AHAM curve to the ERA bascline consumption of 795.7 kWh, the ERA baseline cost is §492.83.

(3) Elecuicity cost = 0.088 $&Wh (average cost in 1998 obtained from an interpolation of the 1995 and 2000 prices of elecuicity forecast in DOE's Annual Energy
Outlook 1993, inflated to 1992 dollars). The Interpolated value (for 1998) is 0.082 $/AWh (|99!$) Afier-adjusting for inflation from 1991 1o 1992 it becomes 0.085 $/kWh.
The electricity price was then adjusted by an enduse factor for refrigerators of 1.04.

(4) Instzliztion and maintenance costs are not included in the above calculations.

(5) Lifetime =19 years.

{6) Markup factor= 2.3. This represents the average of maskup factors for this product class in the 1989 TSD.

(7) Baseline: Compressor EER = 5.46; Bvaporator fan motor power = 9.1W; Condenser fan motor power = 12W.

Insulation thicknesses: freezer door and sides are 1.50" and 2.00", fresh food door and sides are 1.50" and 1.57", Foam resistivity Is 0.58 m2-degC/W-cm.
Bvaporator and condenser areas: 2.51 3q.m and 0.70 sq.m, respectively. ;

(8) Vacuum panel option assumes that 50% of total wall and door surface area is covered by 17 thick vacuum panels. The delta cost (compared 1o foam insulation) sssumes & variable cost ¢
$1.20 por board foot, which includes materials, installation labor and shipping. A depreciated investment cost of $10/unit was also assumed. Doth costs are daived 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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* EE-RM-93-801 COMMENT 49

' 1128103

Life Cycle Costs and Payback Periods of Bottom-Mount Auto Defrost Refrigerator-Freezer
ERA Simulation: Draft Verslon

Manule Incr, Mfr Retsil Annusl Annusl  Cumulative Lifecycle Costs Cumulative CCE
Level Option Cost Cost Price  Enecigy Use Encrgy Cost Peyback® {1992%) i {cents/kWh)

(1992%) (19923)  (19923) (kWh) (19928)  (years) 4% 6% 10% 4% 6% 10%
0 |Baseline $406.74 - $935.50 700.71 $62 NA $1,74537  $1,623.54 $1.451.30 NA . NA NA
1 |0+ 5.46 EER compressor $409.24 $2.50 $941.25 668.49 $39 203 $1,713.88 - §$1397.63 $1433.34 1.36 1.60 an
2 |1+ 5.80 EER compressor HIIAU $4.00 $950.45 636.27 $56 264 $1,68585 $1315.22 S1410.82 wmn 2.08 2n
3 |2+ decr evap motor power $419.74 $6.50 $965.40 600.03 $53 kA1) $1,658.91 $1.554.58 $1407.09 226 2.66 3.55
4 |3+ docr cond motor power $4UU $4.50 $915.15 579.89 $51 3719 $1.645.99 $1.345.16 $140262 254 2.99 3.98
3[4+ 112" insulstion to doors $429.66 $3.42 3988.22 559.16 $49 428 $1.635.18  $1537.85 $1.400.26 2.85 335 4.47
6 |5+ 1° insulation to walls $454.38 $24.72 $1045.07 415.19 $42 552 $1.594.29  $1311.67 $1,394.86 370 4.33 5.81
T |6+ reduce gasket leak 9.8% $458.54 316 $1034.63 463.41 $41 370 $1.589.89 $1,509.37 $1393.5) 8 4.49 59
8 {7+ 1" Insulation to doors $463.32 $4.79 $1065.64  451.03 $40 392 $1.586.93  $1,508.51 $1,397.65 397 4.67 6.23
9 |8+ increase evap area $468.23 $4.91 $1076.93 44297 $39 6.24 $1,588.91  $1,511.89 $1.401.01 4.18 4.92 6.56
10 |9+ adsptive defrost $475.61 $7.38 $109391 430.89 $38 6.67 $1,591.93  $1,517.01 S1411.10 447 3.26 7.02
11 }10+ 6.0 EER linear compressor] $485.11 $9.50 $111576 41881 b3l m §1,599.82  $1,521.00 $1.424.06 487 5n 7.64
12 |41 + fluid control valve $49824 s $114595 406.73 $36 813 $1.616.04 $1,34532 $1,445.35 345 6.42 8.56
13 112 4 incr condenser area $501.76 $9.52 $1167.84 398.68 $35 - 814 $1.62863  $1,559.31 $1.461.31 586 6.89 9.20
14 [13 4 voltage controller $534.48 $26.13 $122931 381.53 $34 1046 | $1.670.28 $1,603.94 §$1510.16 7.0 825 11.00
15 |14 4 tmproved expansion valve |  $606.21 $711.1 $1394.28 36498 $1n 1553 ] $1,816.13  $1,752.67 $1,662.95 10.40 12.25 16.34
16 |4 + reduce gasket leak 9.8% $428.40 $4.16 $985.31 561.81 $50 426 $1.641.59 $1,542.86 $1.403.29 2385 3.36 4.48
17 |16 + adsptive defrost $435.78 $7.38 $1002.30 547.68 $48 496 $1,63530  $1,340.07 $1405.45 3132 N in
8 117+ Vacuum panels in W&D $478.14 $42.36 $1099.73 44297 $39 1.24 $161L71 §1,534.69 $1425.81 4.8 N 1.62
19 |18+ increase evap asea $483.05 $4.91 $1111.02 43492 $38 1.50 $1.613.69 $1,538.07 $§143L.17 3.03 5.92 7.89
20 |19 + 6.0 EER lineas compressor]  $492.5§ $9.50 $1132.87 42284 3 8.07 $1.621.58  $1.548.06 $1444.13 541 637 8.49
21 |20 + Nuid control valve $505.68 $13.12 $1163.06 406.73 $36 880 $1.633.15  $1,562.43 §1,462.46 3.89 6.94 9.25
22 |21 + incr condenser ares $515.19 $9.52  §118495 39868 $35 9.39 $1.645.73  $1,57641 $1478.42 6.29 740 9.87
23 122 + voltage controller $541.92 $26.73 $1246.42 381.53 $M4 11.07 | $1,687.39 $1,621.05 $1527.27 7.42 873 11.65
24 |23 + tmproved expansion valve |  $613.65 $7L.13 $1411.39 364.98 §32 16.11 $1.833.2)  $1,769.77 $1,680.06 10.79 1270 16.95

Assumptions;
(1) Energy ptions 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 ordes to account for the difference between the simulated and the sctus! bascline usage.

The baseline was obtained by decreasing the wall and door thicknesses of the unit provided by Mannfactuser “F~ by 1/2° each in order lo bring the energy use closer to the DOE standesd:
(2) Manufacturer cost of the baseline unit was Intespolated from the AHAM manufacturer cost ve kWh cusve for this product class.

Using & llncar interpolation between the two closest points on the AHAM curve to the ERA baseline consumption of 700.7) kWh, the ERA bascline cost Is $406.74.
(3) Electricity cost = 0.088 $/kWh (average cost in 1998 obtained from an inteapolation of the 1995 snd 2000 prices of eleciricity forecast in DOE's Annual Energy

Outlook 1993, Inflated to 1992 dollars). The interpolated value (for 1998) is 0.082 $AWh (199183). Afer adjusting for infation from 1991 to 1992, it becomes 0.085 $/kWh.

The elecuiclty price was then adjusted by an enduse factor for refrigerators of 1.04.
(4) Installation and malatenance costs are not Included in the above calculations. |
(5) Lifetime =19 years. ]‘
(6) Mukup factor= 2.3. This represents the sverage of markup factors for this product class In the 1989 TSD.

(1) Baseline: Compressor EER = 5,J4; Eveporator fan motor power = 10.5W; Condenser fan motor power = JOW.

Insulation thicknesses: freczer door and sides wre 1.69” and 2.50°, fresh food door and sides are 1.69° and 1.59". Foam resistivity is 0.55 m2- dch/W cm In the sides and
0.53 m2-degC/W-cm In the doors,

Evaporator and condenser areas: 3.56 sq.m and 7.94 sq.m, mpe-:dvely
(8) Vacuum pane] option assumes that 50% of total wall and door susr{ace ares Is covered by 17 thick vacuum panels. The delia cost (compared to foam insulation) a variable cost ol
$1.20 per board foot, which includes materials, Installation labor and shipping. A depreciated lavestment cost of $10/unit was also assumed. Doth cosu are daalved from
Waldron, .M., “Vacuum Panel and Thick Wall Foam Insulation for Refrigesators: 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 englneering psyback period.
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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 Manﬁfacturers. 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 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 thc ERA model, ADL provided the AHAM Task Forc¢ members with disks containing
the ERA program and input files used in the USEPA's Draft Multiple Pathways Report in 1992, Shortly after
compiction of the analysis reported here, AHAM was informed that USEPA was about to release an updated version (1.0)
of the ERA modecl and user's manual. That version was said (o contain a number of improvements over the version
reviewced herein, but nonc that would substantially alter the conclusions and recommendations contained in this report.

1
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-+ Gasket improvements

- Vacuum insulation

- Alternative refrigerants & mixtures
- Lorenz cycle

+ Vanable 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 uncertaintes on both the badeline and altered results
are about 5%, say 0.10 kWh/day, then the estimated energy savings AE 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. Thisisa
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 specifielias inputs to the ERA model; 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 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.
o)
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nonlinear simuitaneous 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(xy, x2, ... Xp)
and given the uncertainties Axy, Ax7, ... AXq on each of the independent variables, then the uncertainty
in E is given by
AE = ({(3E/9x1)Ax1]? + [(9E/3x2)Ax2]? + ... + [(OE/dxn)Axq)2]}0- 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

uncertaintes are normally distributed, the upper and lower limits of x may be considered to be
specified at the = 20 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
twcnfy-onc 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 cohuibuu’ng 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 x; are involved.* The result is
therefore very conservative, mainly because not enough data exist for mean values to be known.> 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 x; randomly selected from "bins" containing values in the range x; * Ax;.
The resulting E; 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 crror is given by (102 + 11(12)]

4 For a detailed explanation of this kind of uncerainty analysis sce R. J. Moffat, "Describing uncertainties in
experimental results”, Experimental Thermal and Fluid Science 1988: 1:3-17: or S. J. Klinc and F. A. McClintock,
“"Describing uncertaintics in single-sample experiments”, Mech. Eng., 3-8, January 1953,

It 1s not as conservauve as a worst casc analysis in which all inputs x were set at their extreme values in such a
manncr that all the errors added. The approach used here accounts for the fact that the sources of uncenainty are
independent and are therefore unlikely o add in a worst-case manncr.

3
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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 resuiting R-
value for the wall panel known, due to years of experience and extensive testng 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 T 095£0.25cm S
Internal heat ransfer 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 modelcd in ERA, while 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 regton heat leak, namely the relative positions of the gasket and
4
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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 wransfer 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. al.. 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 ransfer 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 ransfer 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 tor 1993 or vacuum-panel

cabinets in the future.) A crude way to account for air infiltration using the ERA model would be to

5
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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 a2 manufacturer will test an entire cabinet and compare the result to the ERA prediction. One
manufacturer did this, using the ERA calculatonal assist to quandfy 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) ‘ I
(Waus) (kWh/day)
(Actual - Predicted)/Actual Predicted Actuai % Error \
- (%) _
Top Mount 21.2 1.71 2.37 27.8
15 Cu. Fr. *
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 quantdrative 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 prelirr@ria_;y 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 R11 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 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 dramaucally«to 75 < 106 < 137 kWhyy.

6
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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-conduct-iv'ay ,
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 infilration. 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-prédicxed 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
~ auributable 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 configurdtions 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 paraméters 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.® 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 (30.2%); 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 AT 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 uﬁcertainty 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 cxamplc at a condensing emperature of 130°F the CSD cquations' value for tatent enthalpy is about 4% larger
than the value given by the Martin-Hou equations ol state. At an evaporating cmperature of -20°F the error is about 1%.

8
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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 witha - -
simple attempt to compare model results to the results of a test conducted by one manufacturer using a
mixture of 65% R22 and 35% R141b. 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_OSLRZ.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 ata
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 muss low 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 muchras-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 User's 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 majof design problem associated with Lorenz cycle refrigerators —
cabinet temperature control. If evaporator areas are optimized for a particular design operatdng
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 evaporétors were designed to operate.

Yariable-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 cémpressor 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.

10
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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 simuiated 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 Operadng EER-
Energy %% Btw/h Bru/h/W

Top Mount '
19 Cu. Ft. ‘ ‘
Compressor 1.0 48.0 667 4.75
map method
'Rating point 0.948 f 51.8 613 - 5.12
model
Side-by-Side
22 Cu. Ft. ' o
Compressor 1.0 49.4 826 5.05
map method
Rating point 0.920 51.0 76 5.43
model _

Compressor physical mode!l 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
efﬁcieﬁcy" defined in thermodynamics ytye_:xts." 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 résultant 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. [t follows directly from the user-specified valuesof
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 inputs, 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 ratng 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 wansfer (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 ” - Ty g
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. [t then deals with
cycling losses by applying a correction factor tuken 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 Onc or two valves would be required, depending on whether the COmpressor is a rotary or reciprocating type.
12
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of model results to uncertinty 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 Itis
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 ééthally
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 éokrresponding to the cdse 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 qunntimtive correction observed by Janssen et. al.

(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 shutotf valve to the refrigerators with rotary compressors.

8 This value is taken direetly from the reference 1o the single experiment reported by Janssen et al. (1990).

13
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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, predicteda 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 potental 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 conﬁguratiohs 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 sin-ch- and dual-evaporator simulations, ‘the areas of the—
two evaporators were defined to achieve the proper temperatures in each compartment under closed-
door conditions in a 90°F environment.! 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 cvaporator calorimeter is able to comparce cvaporators within £ 5%, but the absolute value is more
difficult 1o determine. Since a different type of calorimeter would have 10 be used for static evaporators, it is appropriate
to compare the absolute vatues. .

10 This assumption helps the energy portion ol the analysis, but introduces great uncertainty into the cost analysis.
The required arca might be substantially larger or smaller than the value predicted by ERA. [t is made here 1o enabie the
analysis to proceed dnd yicld some insight into the sensitivity of model results 10 this parameter. However it recognizes
that the cost difference between a single-evaporor and dual-cvaporator sysicms will require a detailed cost analysis
anyway.

4
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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
uncertaindes, the savings are estimated in this quantitative analysis to lie within the 11-15% range.
Howeuver, 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 examiple 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
examplc exchanging air between the compartments may erode defrosting savings, fans might be

needed to prevent stratification, and pulldown 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 ﬁndm gs
reported above lead to the following conclusions and recommendations: - L T
+ 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
uncerainties 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 1o 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 part 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 asmuch asa
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
tcmpefature 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 inpkut 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. . ﬂ

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 changéd 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

16
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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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AHAM NAECA 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
1a) Incre‘ased Cabinet Insul. - 1/2" 2 99.3% 36 31.7% 5 65
1b) 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 B
3) Improved Foam Insui.(ie.microceﬂ) 12 76.3% 21 100.0% 16 33
4) Evac. Insul. Panelis (all types) . 19 49.8% 2 100.0% 4 1
5) Gas Filled Panels (inert gas) 32 18.8% 1 100.0% 8 51
6) improved Gaskets | 18 53.3% 28 83.3% 27 1é
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 0
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% 4 (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

Desian 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% 31 73.3% 3 78
21a) Other Cycles - Lorenz 25 32.3% 29 80.8% 12 37
21b) Other Cycles - Stirling 41 0.3% 17 100.0% 7 54
21¢) Other Cycles - Gas Absorption 39 14.3% 44 0.0% 36 3
21d) 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 1
22c) Impr Evap HX - High Thermal Massff 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) tmpr 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 29
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~ I ¢ B

LJd. Swatkowski - AHAM Chicago 03/11/94

mStr e CansinialCalashial [ N9%(NOt Feasible/Saleable) : Energy Savings (in kW
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LCC Costs (1992 $)

LBL/ERA Analysis (12.23.93)
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~ LBL E.E.R. Reassessment
E.E.R.'s Available in 1998
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INDUSTRY PROPOSED 1998 ENERGY EFFICIENCY STANDARDS
FOR REFRIGERATOR/FREEZERS

Product Categories Adjusted Equation Percent Below
-Volume 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%
24.72 5.0 AV + 496 20%

Bottom-mounts

Ol Juswiyonyy
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Life Cycto Coets and Poyback Periods of 5.5 cafl Mamsl-Defiost Refrigerator

ERA Simalation: Dyuft Venslon

Blomd Ince, Mt Retoil Anaual Annnal Comulative Lifecysle Cosls Ceomlstive OCE Duty

Lavel Optica Cout Cont Price  EncgyUse  EncrgyCost Payback {1992%) (contsdWh) Oyche
(19928)  (19928)  (19919) &WH) (19925) (yeans) % % 10% 4% 6% 10% %)

o |sasELme $95.63 . $120.00 W14 $3236 yNAT $309.63 $480.18 $433.39 NA NA NA ST.2%
1 [9+3.93 EER Compressor . $99.93 $430 811989 213563 $U26 112 344698 $420.88 $389.82 $1.20 $t.34 $1.63 $6.9%

2 |t 4 Exdunced Eveparstor HT Swiface $100.56 3060  $131.28 26566 138 1.26 $340.52 $419.22 $305.43 . $137 $1.48 991
3 |24 Erhsocod Conderoos HT Saface |- 910116 $0.60  $23267 26028 2299 1.39 $438.47 $411.9) $384.28 $133 $1.48 $1.81 9.4%
4 |3 + Roduos Gacket Head Lask $102.16 $100  $N49 293.94 822352 1.52 $136.56 $416.03 $383.48 $1.50 $147 $2.0 48.4%

Assuraptions:

(I)Eﬁumupdmhmh-lhudfof%&dmm‘mmMumnwdniuduls.!wbhfoolwml-dcﬁeﬂnﬁim«. A vorrection fector of 0.666 was

spplicd 10 the ERA valuce in arder 1o scoomt for @ diffcronce between the stualated and the souad baseling woge.

(2) Memudacharcs cost of the basoline unit wes cbtajood by dividiag the retall price of » 6 cuft mesusl-defront refrigarator-fivezer from 199293 fulfiwinter SEARS catafoguc by the the marksp foctor,
(3) Elcotriolty oost = 0.08¢ $kWh  (wverage coat in 1991 obtained from s Intarpolation of the 1595 end 2000 prioss of clectricity forecast dn DOE's Anuual Eacrgy

Outlock 1993, infisted 1o 1992 dollen). The interpolated vatuc (for 1998) 1s 0.082 S& Wh (19915). After adjmting fos inflation Gom 1991 10 1992, it becomes 0.085 A Wh.
The electsicity prioe was thon sdjimtod by aa enduse factoc for refrigerators of 1.04.
{4) Installetion end matotcumos sosts are not lncluded la the above celculdions.

{3) Lifctime =11.3 years.

(8) Murkup foctor= 2.3. This represcats the everage of markup fectors for this product class ia the 1939 TSD,

(1) Bascline ovaporator eyve fu .448 sqax; condenser ares i 0.22 sqma.

(8) Bamcline compromos EER s 2.6

L

L | JUSWYODHY.
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Life Cyole Costs ond Paybsck Periods of 2.9 auft Partiol Ato-Defiost Top_oust Refiigeratos-Freazer

ERA Sialstion: Draft Vertloa
Menafy frce. ME  Reteil Antwal Aonusl Cusmulative Lifecyole Costs Oumwabstive OCE Dty
Leved Optica Cost Cont Prike  EoegyUss  Encrgy Cont Poybeck {15913) {ocotvkWh) Cyols
- (19928)  (1992%)  (19925) (kWh) (1992%) (years) 4% 6% 10% 4% 6% 10% (%)’
¢ [BASELINE $95.69 - $220.00 41007  $36.09 NA. §54296 $310.10 $437.93 NA NA NA 70.2% |-
1 +3.3SEER m 19178 10 f24.0 316367 33200 1.18 $s10.27 $482.19 $435.95 8116 1. $1.98 A%
2 |t + Enbenoed Conderess HT Sufice $98.46 0N $225.47 3588 N 838 $306.92 $418.00 3410719 $1.33 $148 $1.80 76.5%
3 |2+ Redeos Quskat Hesd Lok $100.19 L3 $030.44 M0l 2063 191 $504.95 $476.63 $43238 81.88 8209 $2.98 32%
4 ]I + Increased Evaporstar Arca $103.93 8334 s2uamn 13963 $1.89 368 $510.22 $452.98 $239.79 $.60 $4.00 $4.69 713%
S 14 ¢ Reduoe Antl-Swoet Heel $116.09 810.38 $267.04 3)9.07  $29.84 7.32 $334.08 $506.38 - $443.76 $1.40 $8.24 $1008 | 21.3%
Anunphom.
mamueomqﬁo-hmunsu-drwuaupopk.mwwmmm._uhdunwzs«u«ro« pnuumouwnﬁ.m A corvection factor of 0.766 wes
tppliduhmnluhwﬂuhMhmmmmhuw‘mdmwbmlhmn
ﬂ)hmmd&owlm-ﬂmoww cﬁwlu;lhcuuﬂpdeenh 2. cuft esanust-defont fop-monat echigerator frecrer Grom 1992/93 fall\wintes SEARS outslogus by ths the mabop factar.
(3) Electeicity cont = 0,088 SAWh  (avernge cost b 1998 cbtained &rom s daterpolation of the 1995 and 2000 prices of alootricity forecedt In DOEY Am\ulﬂnwn
Outiook 1993, inflslod 1o 1992 dollan). The interpolsted value (for 1998) ha 0.002 SKEN (19918). Afler edjasting for inflstion Gom 1991 1o 1992, it becommen 0,088 $/kWh,
The clectriclly prics wus them adfmted by an enduse factor for rufiigoratorn of 1.04.
(1) Inatatiation snd selslenence costs mmbehceahtc sbove caleulstions,
(3) Lifctime =11.3 yean.
(6) Maskup Erchor= 2.3, This ropreacats the sverage of markwp factors for this product clas in the 1989 T3D.
(T)B-nlinﬂmmhommm-uhOJl ga.
(8) Baseling cossprssscr EER 8 3.11
R
~
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EE-RM-93-801 COMMENT 49

" Life Cyode Coets sad Payback Perlods of 3.3 aut Auto-Detrost All-Refiigecstor.
ERA Siexlatica: Dreft Veniea

Mondy  incr. ME  Retail Anangl Annval Cumulative Lifecyole Costs Crmulative CCE Dsty
Level Option: i Con Cost Price Evcrgy tac  Encrgy Codt Paybeck (19928) {oote/kWh) Cyele
(15928)  (19928)  (§992%) &%) (1992%) (yesn) % % 10% §% e 10% )
0 [BASELINE $16.92 . $17600 58329 sSLSM . NA $631.00 $390.08 $515.62 NA Na VA 69.6%
t [0+3.35 EER Comprossor $78.62 s210  sifop 51963 $4513 ioss $£550.10 834843 448238 $0.82 $092  S192 | 69a%
2 |1 + Roduos Condener Fon Motor Pewer 191.12 $4.50 $151.18 46896 SN 148 $560.43 $522.94 $4683.30 $1.46 $is2  s198 693%
3 {2 ¢ laoreass Condosacr Arca $88.93 $3.4 $203.63 4«18 43941 T2 $3556.40 $320.48 $461.92 3228 $150 $.05 66.9%
4 |3+ 1ncreess Bvaporatos Arsa - $9936 1083 22093 a9 1) 348 $360.88 857103 N3 239 $400  s488 | S53%
§ M+ Reducs Gasket Lask $104.63 $3.27 $240.63 416.68 $36.67 436 §368.84 §335.42 $482.43 $4.28 $4.77 $4.62 3465
(1) Enssgy sossemptions for the bessling sed for cach dusign option wers obtslned from an ERA sisvulation of an sctual 3.5 cublo foot oycliol-defiont sefiigerstor, A casrestion fector of 1.81 wes
spplied (o the ERA values fn ordat ot scoount for the differmee botwiea the simalated end the sctual besellng esage.
(2) Maou{nciarer oot of the baselise unil was obtalned by dintding the manufsctursr suggeated setall price by the the mesbagp factor. .
(3) Elocricity cost = 0.088 $1Wh  (sverage oont In 1998 obtained from en knterpolation of the 1993 and 2000 prices of elodtricity forecant in DOEY Arwasl Eocrgy
Owtlock 1993, inflstod 1o 1992 dallans). The lntcrpolatad value (for 1998) is 0.082 £X Wh (19915). Afler scjusting for Enflation From 199] to 8992, it bocomes 0.083 S&Wh.
The eleotrieity prioe waa then adjmtsd by an enduee factor for refiigeratorns of 1.04.
(4) Installstion snd malstcuance 0osts are nat tacksded in the above caloufstions. .
(3) Lifutiaa =1 1.3 yeans. )
(6) Markwp foctor= 2.3. This represents the svarege of madkip factons for this product olass i the 1989 TSD.
{7) Baselina: Compressor EER 3.11. Evsporstor snd condenser arcas, 0.209 and 0.76 eqm respedtively. Coadenser fin motor power, 12.0W
@
~

|| JuSWYDDHY


jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle

jposton
Rectangle


EE-RM-93-801 COMMENT 49

Life Cyols Costs snd Puyback Periods of 3.3 ouft Ato-Defroat Refrigerator.

ERA Stmlation: Drefl Vetslon
Meondfy Inor. Mf Retail Annusl Al Convulative Lifscycle Costs Cusulsive OCE Duty
e Optica Cost Cost Price  EvegyUss  EpergyCost  Paybeck (19925) (ccutkWh) Cycle
1 9y umms) (1998 &WR) (1992%) (yesn) 4% % 10% % % 1™ )
® |BASELINE $16.92 - $176.00 418712 $36.43 *MNA $503.80 847221 $418.9¢6 NA NA NA 100.0%
i t’ + 3.55 EER Compioasor $78.62 210 $180.83 302 $3344 1.4 $180.30 $449.41 $401.43 81.40 §1.36 $1.50 | 100.0%
2 ]I + Reduos Condowees Fen Motos Power | $83.12 34.50 $191.18 330.84  s20.48 1.98 3432318 $425.12 $383.96 $1.93 $2.17 8264 | 100.0%
Avunpticas:
(1) Energy consmeplions fox he bassne and for sach design option wers obtsinod from sn ERA almdstion of en sotue] 3.5 cublo foot oyvliol-defrost refrigertos. A cotveotion fictor of 0.872 wes
appliod 1o the ERA valocs bn egder bo sccount for the difTerunce betwwen the simulstcd and the sotus] besclios wsege.
{2) Manufaciuror oast of the baeellne wnit wea vhiained by dividing the minaulacturer sagyerled rotail price by the the markwy foctur,
{3) Elestrioity oost = 0.088 $kWh (averuge cost ks 1998 obtalaed from an ioterpolation of the 1995 and 2000 prices of clestricity forecsat in DOE's Annusl Energy
Outlook 1993, bxfleted to 1992 dolisrs). The imterpolated value (fox 1999) be 0.082 Sk Wh (19918). Afler adjusting for inflation from 1991 to 1992, it booomas 0.085 SKWh
Tha cloctrioity price was then adjusted by an enduse factor for religeanton of 1,04,
(4) Instaflation end matcnence cosls are not included In the above calordations.
(3) Lifctims =11.3 your.
(6) Mukuop factor= 2.3, This represeats tha avesage of markwp factors for this product olass b the 1989 TSD.
(7) Basaline: Compressor EER 3,11, Condenner fun motor power 12.0W
&
<
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EE-RM-93-801 COMMENT 49

Lifs Cycle Coets and Payback Perleds of S caft Manval Defivet Chest Freezer

BRA Stutation: Draft Vorsioa
Mseoufr  Iocr. M6 Retall Anvsal . Anmel Comulstive Lifkoycle Conto . Cumslstive OCE Dy
Level Opticas _ Cont Cost Pricc  EncigyUse  EncgyCot Peyback (19928) (cont/kWh) Cyshe
(19928) . (1992%)  (1992%) (kWD) (1992%) (yan) 4% % 10% Ity 6% 10% %)
0 [BASELINE $9%6 - $220 253.4) $22.30 NA $19.61 299.28 $367.03 NA NA NA 63.6%
1 |0+ 4.39 EER Compreasor $98 . 2 16 . 22088 $20.03 - 28§ $405.88 $382.61 3338.63 $2.80 £3.42 $3.81 §5.5%6
2 |1+ A& )" lnsdation to Wally 3128 $26.17 $2488 186.47 $16.41 10.34 3434.96 $419.91 $396.20 81138 $92.63 $i5.40 §4.6%
3 |24 Add §” Insalstion te Deor 3133 $10.20 31 178.99 $15.13 13.93 -$432.28 $437.94 $483.21 $13.69 $15.24 $18.38 J24%
4 |3+ Reduos Gasket Host Lok 8438 $2.83 $310 1701 81599 14.60 $432.90 $443.29 $420.26 $14.33 81998 $19.48 L%
Assumplions:
(I)Emummpﬁm&ﬂhbmlholndl’etucludulpopdoumdnlwdﬁnulnmuswhlkuo(nuhﬂ!cﬂofw\ mamml-defiod chent freezer. A oosrootion faclor of 0.94 wes epplicd to the ERA veloas b
ordes 1o socount for the difftrwmce butweea the simulated end the sotva] bescline mage. A vcorrection fictor of 6.7 wes elso spplicd as specified kn tha test provedurs for chost Geezers.
(2) Mansfactarer cont of the baseSno wnit was obtatned by dividing the retall price of & 3.3 cuft cBest froczer from 199293 fallwwinter SEARS ostafogue by the the murkup ficlor.
(3) Electricity oot = 0.088 SAWh  (overwge cost fn 1998 obisiaed frons sa interpolation of'the 1993 sad 2009 prices of etectrioRy forocest n DOES Amurnal Eacrgy
Owtlook 1993, iafisted to 1992 dotlans). The knterpolated valve {for 1998) is 0.082 $KWh (19918). Aflar adjuating for inflation from 1991 to 1992,  becomes 0.085 $EWh.
The slectricity peios wee thea sdjusted by en endhse foctor for ecfiigontars of 1.04.
(4) Istallation snd meintomnos coets are ot included in the sbove calculations, I
(3) Lifetis =11.3 years.
(6) Msrkup factor= 2.3. Thls repreacas the sverngo of smarkup factors for this product cles in e 1989 TSD.
(7) Bascliaec Compresses EER 3.48; ovaporator arca Is 0.76 squ. Door sad walls (average of sides sod bottom) bandstion thickness 4.60 cza (1.817) end 6.37 cen (2.507), respoctively.
(6) Resistivity of wall sad dooy fasoltion: 0.9 sqem-C/W-oma
Q
~
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EE-RM-93-801 COMMENT 49

Lifo Cycle Costs and Payback Periods of 3.0 ouft Memsal-Defiost Upright Freezer.
ERA Simulstion: Dyaft Varsion

Mooy Inoe. Mfe Retsil Annval Annal Oucaalative Lifcoyole Casts Ceanletive OCE Duty
Lewl Opticn Cont Cost Prica  EnagyUsw EnergyCot  Paybock (19925) (ocatsk Wh) Cyole
(19925)  (19928) _ (19913)  GuWR) 592y (wens) % ™ 10% &% & o |
0 B.ASEUNE $93.63 . $220.00 410.71 $36.14 i NA. $3543.49 $510.55 $45832 NA NA NA 0.6%
1 |0+ 4.70 EER Comprewos $104.99 $9.34 $24140 31831 $28.01 1264 $492.519 $466.66 $426.18 $260 $1.89 $1.9 $0.9%
2 |1 t Enhanced Conderaey HT Swfios $106.06 $1.07 SU).9 3lLsy 32742 2713 $489.37 4464238 $420.78 2P $3.0¢ $3.66 %
3 24 Reduos Gosket Heat Leak $107.13 $1.07 $245.41 306.2 $26.93 .87 $487.50 - 3461.04 $424.10 - 8282 $3.14 DY T1.3%
- Assuptions;

(1) Encrgy conssmptions for the bascling and for each deslgn oplion wers oblained Som sa ERA shmulation of sa ectuad 5.0 cubio foot mnnnl-deﬁodqmdiﬁeuw A comroction fector of 0.866 wes applicd to the ERA values ia
order te sccouat for the difference belwoen the simalated and the actusl basoline wage. A correction factor of 0.83 was aleo spplicd es speojficd la the teat procedure for vpright Breezon.

{2) Manufctarer coet of the bascline anlt was obisined by dividing the retsd price of & 3 cufl ssamual-defront wpright refigerston-froezor from 1992/93 falliwintar SEARS catal
(3) Eloctrioks cost = 0.008 SAWh (everags oost ia 1998 cblained from e interpolation of the 1993 sod 2000 prices of elsctiolty forecest kn DOEYS Anmusl Energy

Outlock 1993, inflsted to 1992 doltars). The bntarpolated value (for 1998) 1s 0,052 LKW (1991S). After adjecting for indlatica from 199 Lo 1992, I becouncs 0.085 $AWh.

The electricily prios wes thes adjusted by an enduse factor for refiigorators of 1.04.

“w buhllwudnimm“m‘lmhbdhmmm

{3) Lifutims =1 1.3 yoars. -

{6) Markup factor= 2.3, mwuwdmmwumduhunmnn

(7) Bascling coadenect srea 11 0.29 sgan.

(3) Bascline sompressor EER 1o .63

g0 by the the saarkogp fiotos.

L9
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EE-RM-93-801 COMMENT 49

Lifo Cycls Costs and Paybeck Perlods of 1.7 caft hiesual Defrost Refrigerstor

ERA Siesulation: Drefl Verslon
Mowfr  Incr. M Reta) Annua) Armm) Cumslative Lifocycle Couts Camulative OCE Duty
Lexl Option Cost Cost Price EncrgyUse  Energy Cont Payback (1992%) (cents/kWh) Cysks
{19923) (19928)  (19923) (kWh) {1992%) {ycars) 4% 6% 10% 4% % 163 (3%)
] L:!ASEUNR $76.52 . 3176.00 21.20 $2439 . Nr\( 339433 837209 $336.84 NA NA Na 61.1%
! 4+ Erhaaced Conderaor HT Swiice $7692 $0.40 817693 271.09 $13.86 i $390.43 $368.71 834D $1.70 $i.90 2n 66.2%
21 ]I + Echenood Eveporatos HT Swiase $71353 $0.60 $i1TR32 26499 BN 216 $27.03 $363.7¢ $33208 $212 123 $288 63.6%
3 J2+ Roduce Gaabort Hest Yook $78.53 $1.00 $180.63 239.85 $22.87 393 $183.30 $364.43 $331.43 32.98 £.32 $4.03 62.4%
Anumptions: '
(I)Emnwio-fwﬁobm&nﬂfuu&‘aipopﬁumdﬂhnd&mumlndmaofum 1.7 qublc foot memmal-defios! rofiigerator, A correstion factor of 0.88 was
spplicd 0 the ERA vaducs ta ordsr 10 sooound for the difftrence bréwocn the stmulsted and the ectual bescline wage.
(2) Mansfacturer oot of the baseline sl was obtshi=3 by dividing the menufactirer suggaatod retail price by the the maskup fastor,
(3) Eboctricity cont = 0.088 SKWE  (sverege cost i 1998 obtained from an btecpolation of the 199S sad 2000 prices of ehectricity forccast in DOEY Anmual Escrgy
Outlock 1993, nflatod to 1992 dallen). The interpolsted value (for 1998) §s 6.082 Sk Wh (l99l$). Aler sdjusting for inflation from 1991 10 1992, #t beoomss 0.085 $/kWh.
The alsotricity price wes then edjorted by en endino factor for sfiigeraton of 1.04.
) lwbdmmm“mwhhnbmtukd-ﬁm
($) Lifetime =113 years,
(6) Muskup factor= 2.3. This reprosents the average of crardoyp Bsctors for this product olasa in the 1989 §SD.
(7) Eveporwtoc area bs 0.13 sqme end Condagecy aren b .22 sqra.
N
~N
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EE-RM-93-801 COMMENT 49
: Attachment 13

AHAM Compact/Undercounter Task Force  ™”
Design Option Design Energy ‘Marketing
Feasibility Savings Utility
RANK RANK RANK
1a)increased Cabinet Insul. - 1/27 6 57.5% 3 5.4% 19 25.0%
1b)Increased Cabinet Insul. - 17 15 38.2% 1 7.8% 25 16.7%
2a)increased Door insul. - 1/2" 2 65.8% 6 3.5% 16 40.3%
2b)increased Door Insul. - 1° 12 417%| 7 33%f 17 28.8%
3)improved Foam Ins.(ie,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)improved Gaskets 4 60.0% 12 2.4% -2 85.0%
7)Double Door Gaskets 14 40.8% 11 2.5% 6 59.2%
8)Reddced Heat Load for Dispensers 41 O.Q% 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% 18 1.5% 7 55.0%
13)Adaptive Defrost Systems 16 27.0% 17 1.2% 5 63.0%‘
14)improved Compressor Efficiency 1 82.1% 2 7.4% 1 80.0%
15)Two Compressor System 36 10%| 25 04%| 27 11.0%)
16)Variable Speed Compressor 30 35% 22 1.0%] 14 33%]
17)improved Fan Motor Efficiency 3 65.0% 4 5.2% . 4 74.0%
| 18)Improved Fan Efficiency - 1= T8 25.0%| - 18 1.2%| 237 210%
19)Variable Speed Fans 34 2.0% a3 0.0% 28 11.0%
20)Two Stage Two Evaporative Syste KY| 3.0% 32 0.0% 35 4.0%
213)Other Cycles - Lorenz 40 0.0% 38 0.0% 37 2.0%
21b)Other Cycles - Stirling 39 0.0% 37 0.0% 41 0.0%
21¢)Other Cycles - Gas Absorption _ 24 15.0% 41 -5.0% 38 2.0%
21d)Other Cycles - Thermoacoustic | 38 0.0%f 36 00%| 40 00%
22a)impr Evap HX - Increased Area | 11 45.8% 14 2.2% 13 47.0%
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EE-RM-93-801 COMMENT 49

‘Attachment 13

Feasibility Ranking of 41 design Options for the 1998 NAECA Rulemaking

AHAM Compact/Undercounter Task Force e
Design Opﬁon | Design Energy Marketing
Feasibility Savings Utility
. RANK RANK RANK

22b)impr Evap HX - Enhanced Surfac 13 40.8% 16 1.2% 24 19.0%
22¢)impr Evab HX - High Therm Mass 2 18.3% 27 0.2% 30k 10.0%
22d)Impr Evap HX - Integr Surfaces 33 2.0% 29 0.2% ’ 32 | 10.0%
23a)impr Cond HX - Increased Area 9 48.3% 9 2.8% -] 52.0%
23b)impr Cond HX - Enhanced Surfac{ 8 48.8%| 13 24%] 15 42.0%
230)impr Cond HX - High Therm Mass{ 21 18.3%f 26 02%f 29 uro% |
23d)impr Cond HX - Integr Surfaces 12 20%] 28 o02%] 31 10.0%
24)Alternative Refrigerant 5 582%| 40 -0.6%[ 12. 48.0%
25)impr Expansion Valve(electronic) 28 6.7% 31 0.0% 34 5.0%
26)Fluid Control Vaives 17 258%) 20 1.0%f 20 25.0%
27)Location of Comprsr. & Fans 23 150%) 21 10%] 36 3.0%|
28)Use of Natural Convection 7 s00%] 19 10%] 21 240%
29)Electrohydrodynmc Enhanced HX 37 00%| 35 00%| 39 00%
30)Voltage Controller 20  40%| 24 04%{ 26 150%

18-Aug-93 LS


jposton
Rectangle

jposton
Rectangle

jposton
Rectangle


o EE-RM-93-801 COMMENT 49
/! 6/14/94

Life Cysie Costs and Payback Periods of 13 cuft Manual Defrost Chest Freczer
ERA Simulation: Drafi Version

Manufr Annual

Inor. Mfr Retail Annval Cumulative Lifecyole Coots Cumulstive CCE
Level Option Cost Cost Pricc  EncrgyUsc  EncrgyCost  Payback (199128) (cent/kWh)

(19928)  (19928)  (19929) (kWh) - (19928) (yeen) 4% 6% - 10% 4% 6% 10%
0 |BASELINE $170 . - 5392 anm $12 NA $937 $835 $139 NA NA NA
1 |o+ADD 1/2° INS TO WALLS $179 $9.0 5413 39291 $33 2.99 $867 $199 $702 $2.01 $2.36 $3.15
2 |1+ ADD 1" INS TO WALLS 8136 3636 $41 345,76 $30 319 $827 $167 3642 $2.14 $2.92 $1.36
3 |2+ 4.56 EER COMPRESSOR 191 " $5.52 $440 31458 $28 3.48 $804 $749 $612 $1.33 $2714 $1.66
4 [3+4.9% EER COMPRESSOR 5197 $5.23 $452 289.18 323 N $786 $736 3663 2.8 $2.93 $3.94
s |4+ ADD 1" INS TO DOOR 1 $201 $4.08 $462 278.63 $25 409 $784 $733 $667 $2.74 3.0 $431
6 |5+ REDUCE GASKET LEAK $202 $1.76 $466 21459 $14. 124 $103 $738 $668 $1.84 $1.38 $4.46
1 |6+ INCREASE EVAP AREA $204 $2.07 $470 M2 i A48 $186 $138 $67 $3,00 $3.9 $4M
8 |7 + ENHANCED COND HT SURFACE i $220 $13.36 $306 26628 81 6.29 $813 $161 $702 $4.21 $4.96 $5.61

.

Anumphom

|
l
!

I

(1) Energy consumptions for the baseline and for e-ch design option were oblained from an ERA simulation of an sctual 13 cubio foot chest manual-defrost freczer.

(2) Manufacturer cost of the bascline unit was interpolated from the AHAM manufacturer eost vs kWh curve for this product class.
Using s linear interpolation between the two clom\ points on the AHAM curve to the ERA bascline consumption'of 471.71 kWh, the ERA bascline cost is $170.42.

(3) Electricity cost = 0.088 $kWh  (average co!i in 1998 obtsined from an intcrpolation of the 1995 and 2000 prioes of eleotricity forccast in DOE's Annual Energy

Outlook 1993, inflsted to 1992 dollass). The i mpohlcd value (for 1998) i 0.082 $&AWh (19913). Afier adjusting for inflation from 1991 to 1992, it becomes 0.085 $AWh.
I duse factor for refrigerators of 1.04.

The electsicity prios was then adjusted by an

(4) Installation and maintcnance costs are nol included in the sbove ealculations.

(5) Lifetime =19 ycare.

(6) Markup foctor= 2.3. This represents the sverage of markup factors for this product class in the 1989 TSD,

(7) Baseline: Compressor EER = 4,18,

lnsuhﬂon thicknesses: freczer door and sides sre 6.40 cm (2.52") und $.46 cm (2.13”). Resistivity of door end walls 15 0.5 end 0.55 m2-degC/W-cm.
Evaporator ares is 1.56 sqm snd Condenser area st O8sqm.

¥/
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Life Cyelo Costs and Payback Periods of 14 cuft Mumul Defrost Upilght Froezer

EE-RM-93-801 COMMENT 49

6/14/94

ERA Simulation: Draft Vemon
kL
Menufr Iner. Mfr Retail Ansusl  Anausl Cumulative Lifeoyole Costs Cumulative CCE
Level Option Cost Cost Price EnergyUie  EnergyCost  Payback . (19928) , (oent/k Wh)
(lﬂﬁj& - (19928) (19918) (kWh) (19925) (years) 4% % 10% 4% 6% 10%
) , -
0 BASELINE Sl:n . $420 482.94 4 NA $978 $894 $113 NA NA NA
! 0 + FOAM INS TO DOOR $i84 si1.e2 $424 42401 $7 0.81 $913 3841 $16 $0.54 $0.64 $0.88
2 14 3.1 EER COMPRESSOR $1%0 $s.25. $436 361.18 $12 1.92 38354 3191 $102 $1.02 $1.20 $1.60
) " J2 + ENHANCED COND HT $190 * $0.80 $418 353.78 $ 1.39 $847 $185 3698 $1.07 $1.26 $1.68
1 1+ REDUCE GASKET LEAK 5193 $2.33 $443 34330 $30 191 $840 $780 $696 $1.28 $1.51 $201
S 4+ ADD 1” INS TODOOR $199 $5.99 $457 318.09 $28 257 §828 $169 691 S $Imn 3102 1110
6 $ + ADD 1" INS TO WALLS $219 $20.23 $504 275.04 $24 4.58 3822 $14 $706 $3.07 $1.61 $442
7 6 + INCREASE EVAP AREA $223 $4.08 $51) 213.90 $24 5.06 $830 3182 $71s $1.39 $1.99 N
Assumptions: E

(1 Encrgy consumptions for the baseline and fo  each design option were obtaincd from an ERA simulstion of an actus! 14 cubis foot upright manusl-defrost freezer.
(2) Manufscturer cot of the baseline unit was lhmpohled from the AHAM manufacturer cost va kXWh curva for this product olass.
Using o linear Interpolation between the two closest points on the AHAM curve 1o the ERA bascling consumption of 482.94 kWh, the ERA baseline cost is $182.57.

(3) Electrioity cost = 0,088 SkWh  (sverage dost in 1998 obtained from an interpolation of the 1993 and 2000 prices of eleoteicity forcoast in DOE's Annual Encrgy
Oullook 1993, inflsted to 1992 dollers). The'interpolated value (for 1998) is 0.082 $/kWh (1991$). After adjusting for inflation from 1991 to 1992, it becomes 0.083 Sk Wh.
The elcctriolty prioa was then adjusted by an'enduse factor for pﬁger-(on of 1.04,
(4) Instaflstion snd msintenance oosts are not moluded inthe nbovc ocalcutations,
(3) Lifetime =19 years. -
(6) Markup faotor= 2.3, This represents the nch‘ge of mr!;up fgolcm for this product olan in the 1989 TSD.
{7) Baseline: Compressor EER = 4,40, '
Tnsulation thicknesses: freezer door end ndeu are 6.35 ora (2.50%) and 3.81 cm (1.50"). Reslstivity of door and walls h 0.286 and 0.521 ml-degCIW-cm
Evaporator arca Is 2.13 sqm and Condemcy srce §s 2.150qm.

v/C
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EE-RM-93-801 COMMENT 49
6/14/94

' Life Cycle Costs and Payback Periods of 13 ouft Auto Dofrost Upright Freezer:

ERA Simulation; Draft Version
. |1 Manufr Inor. Mfr Retail Annus] Annus| Cumulative § Lifeoyole Costs Cumulstive CCE
Level Option ] Cost Cost Price  EncrgyUse  EnctgyCost  Payback (19928) (oentek Wh)

1Y (19928)  (19928)  (1992%) (kWh) (19929) (yeon) % - 6% 10% 1% 6% 10%

1 | . N
0 |BASELINE o s296 . 68l 694.24 $61 NA " 81,484 $1,363 $1,192 NA NA NA
1 {0+ FOAM INSULATION ON DOOR I 3298 - §1.82 $683 600.78 $53 0.51 $1,380 $1,27% $1,128 $0.34 $0.40 $0.54
2 |1 +3.60 EERCOMPRESSOR i ] ) $9.03 $706 54518 $48 191 $1,337 81,242 $1,108 $1.28 $1.91 $201
3 {2+ ADD I"INSTODOOR $316 - 38.93 (971] 501.93 $44 . 269 $1,307 $1,220 $1,096 $1.80 212 $283
4 |3+ DEC EVAP MOTOR POWER $123 $6.50 $142 481,33 s42 A $1,298 $1,218 $1,096 217 $2.38 $3.40
$ |4+ REDUCE GASKET LEAK Sl 8324 $1.94 $146 416.93 342 3.40 $1,297 $1,218 $1,097 $2.28 5268 $3.97
6 [$+ADD 1" INS TO WALLS o] se0 $35.84 $829 415.01 31 6.00 $1,308 $1,236 $1,134 $4.02 $4.1 $6.31
7 |6+ ENHANCED EVAP HT Il s $2.61 $835 41135 336 6.16 $1,310 $1,239 $1,130 $4.03 $4.86 $6.45
8 |7+ ADAPTIVE DEFROST s $8.28 $834 402.70 833 C6m $1,319 $1,249 $1,150 $4.50 $3.30 $1.07
9 |8 + ENIJANCED COND HT 1] s $2.82 $860 400.39 $33 6.92 $1,32 $1,293 $1,135 $4.63 $5.46 $1.2t

LI lt )

Assumplions;

(1) Encrgy consumptions for the bascline and for each design opllon were obtained from an ERA simulation of an actus 13 oublo foot auto-defrost upri;ht freczer.

(2) Manufscturer cont of the lmclmc unit was iherpohtcd from the AHAM menufactuser eost va kWh ourve for this product class.
Using a lineas interpolstion b the lw& Tosest points on the AHAM curve to the ERA baseline consumption of 694,24 kWh, the ERA bascline cost is $296.22

(3) Electricity cost = 0,088 $AWh (nvenge aolt in 1998 obtsined from an interpolation of the 1993 and 2000 prices of clectricity forecast in DOE's Annual Enérgy
Outlook 1993, inflated to 1992 dollan). The lnlerpol-l:d valus (for 1998) is 0.082 $AWh (19918). Afier adjusting for inflation from 1991 1o 1992, it becomes 0.085 $AWh.
The clectricity price was then adjusted by ur {enduse factor for letﬁ;mton of 1.04,

4 Instalistion and malntenance costs are not included inthe lbmn oalouhﬂom

() Lifctime =19 years, !

(6) Markup factor= 2.3. This represents the avech of mukup fnlon for this product class in the 1989 TSD,

(1) Baseline: Compressor EER = .08 i

. Insulstion thickneuses: freezer door and sides are 3, 31 om (1.50) and 6.35 cm (2.50"). Reslstivity of door and walls is 0.286 and 0321 m2-degC/W-om.

Evaporator UA produot (s 2.9 W/C and Comlomct ason s 2.| anm

v/e
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EE-RM-93-801 COMMENT 49

6/14/94

Life Cycle Costs and Poyback Periods of 15 cuft Auto Defrost Upright Freczer :

ERA Simuletion: Draft Vension

Mmul‘t Ince. Mfr  Retail Annusl Annval  Cumulative Lifeoycle Costs Cumulstive CCE
Level Option "Cost Cost EncrgyUse EnergyCost  Payback (1992%) (oentsk Wh)
(1’9925) (19928)  (1992%) (kWh) (19918) (ycans) 4% 6% 10% 4% 6% 10%
0 IBASELINE | 526l 43 - $611.39 759.24 $67 NA $1,494.91 $1,362.90 $1,176.28 NA NA NA
i 0+ DECEVAP MOTOR POWER 3174 93 $6.50 - $632.34 TMLe $63 19 $1,454.26 $1,330.62 $1,155.82 237 279 n
2 |1 +3.60 EER COMPRESSOR $281.68 $6.73 $641.07 674.62 $59 4.09 $1,421.59 $1,310.29 $1.144.46 274 p &3] N
3 |2+ EVAP ENHANCED HT SURFACE $20429 © S261 863381 667.96 $39 TRY $1,425.89 $1,309.78  $1,145.56 3.04 158 RI}
1 3+ADDI"INSTO WALLS 3320.I3 $33.54 $736.29 380.15 $51 7.54 $1,406.93 $1,305.96 $1,163.33 5.06 5.95 194
$ |4+ REDUCE QASKETLEAK $322.06 $1.94 $740.75 1.0 3] 1.62 $1,405.39 $1,305.57 $1,164.18 3.10 6.01 8.01
6 {5+ ADD 1" INS TO DOOR ’83]0.99 $4.93 $761.28 §54.3¢6 $19 1.98 $1,402.00 $1,305.61 $1,169.38 4.3 6.29 8.40
1 {6 +COND HOT OAS FOR ANTI SWEAT f!Sl.Sl $20.52 $808.46 $26.23 $4¢ 9.32 $1,416.70 $1,325.20 $L,195.88 6.24 738 9.80
8 {7 +ADAPTIVE DEFROST $159.7% ss.2e $827.50 $15.53 $43 9.80 $1,423.34 $1,333. 71 $1,206.99 6.56 7.13 10.3
9 {8+ INCREASED COND AREA $361.00 $1.22 $844,10 $06.93 $45 10.20 $1,429.36 $1,341.49 $1,216.98 6.83 8.04 10.7)
' Assumptions:
(1) Encrgy consurnptions for the baseline and for euch design option were obtained Gom an ERA nmulnion of en actual 13 cubio foot upright auto-defrost freczer.
(2) Manufscturer cost of the baseline unit was inlerpolllcd from the AHAM manufacturer cost va kKWh ourve for this product class,
Using  lincar interpolation between the two closest points on the AHAM curve 1o the ERA baseline comumption of 759.24 kWh, the ERA buelmc cost is $268.4)
(3) Electricity cost = 0.088 $kAWh  {sverage cosl'in 1998 oblained ﬁ'om an inl:rpohhon of the 1995 and 2000 prices of clectricity forecast in DOE's Annusl Encrgy
Outlook 1993, inflated to 1992 dotlars). The mletpoln(cd value (fol’ 1998) is 0.082 SAWh (19913). After adjusting for inflation from 1991 10 1992, it becomes 0.083 $/kWh.
The electricity prioe was then adjusted by an endmo factor for sefrigeraton of 1.04.
(4) lnstallation and meintenanos costs are not !ncluded in the sbovs calculations.
($) Lifetime =19 years, : ‘
(6) Maskup factor= 2.3. This represenits the average of markup foctors for this produot class in the 1989 TSD.
(7) Bescline: Compressor EER = 5.27; Evaporstor fan motor power = 9 W; Condenser fan motor power = 0 W,
Insulstion thicknesses: freczer door and sides ire 7.01 om (2.76") and 4.90 om (1.937). Foem resistivity is 0.33 m2-degC/W-om.
Evaporator end conderser areas: 1.051 sqm T"d 1.22 1q.m, respectively. _
S
N
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EE-RM-93-801 COMMENT 49
13708493

Life Cyde Costs and Payback Periods of Upright Freezer - Astomatic Defrost

- (AHAM)
Praoend - bifs.  Incz Mifr. Ubncestainty Retail | Aoual  Unoatedety Cumnlative Rifecycle Coms Cost of Conscrved Encrgy | Design | Madeting
below Cost Cost  jaloceMir  Wicc [EncagyUse inEmcgy  Paybeck (1992%) {ocetafk Wiy Opsion Unidity
buscBoc  (19925) (19925) Cost(+f %) (19925) | @Wh)  Usc (£ ) (yeums) % % 0% | 4% 6% i0% | Feasibilicy (adivm Vol
Baicline  $26146 - v 7 360135 | 8400 - NA  ]5156925 8141298 $11%804] NA NA. NA . .
5% SN44 31098 HA $626 61 450 1.0% g v §1.612 $139766 5009347 459 3.48 745 S0.0% 1000%
10% a1 sun HA $56059 | 20560 124 859 5153070 S)1.39805 §1,097481) 539 642 % &) 51.0% 884
15% S81B N1 m ST | 66640 22% 1263 6185475 SLA2192 $1239022) 792 945 1285 563% 1%
2% 5813 s N 8738 | N0 448 1638 85160170 S147668 $31.30473 ) 1028 1225 1667 0% 311%
5% $3%639 S1666 NA 38550 | 58800 33% 1533 151591462 3041442 $1,303.28 ) 946) 104 1599 317% 30.7%
W% Skl 3180 “A $§9283 54880 79% 1408 |S151036 $1.46097 $130052§ 333 1053 1433 113% N25%
5% ¢ SI68T S48 NA 935880 | se960 90% 1430 [S1.58794 $1.48636 $134665| 929 M 1566 | 150% | 262
0% °© unsm Sl NA $985.00 | 47040 19% 13 [851.56674 3147297 $134401) 3¢ 1043 1418 | 9E% 90%
¥ ¢ WA Stem NA $101a671 43120 13.0% 13.18 $1,59100 $51.49206 $13388S) 37 986 134 8% 0.7%
0% * 3512 36297 NA $115550 | 39200 16.6% J606 50,6394 $1.56831 S5145384) 1008 202 16435 0s% 5.3%
Assesptions:
(1) Tota) Volaoe = 157 ca & (AHAM 1 nmpbr&ispobacba)
{?) Buseliac cot1gy ase is for AHAMY 195 'mmwmmrua\:mwmm '
(I)MMWBMMIMIMNWMWMW!MApiccofSS&lmhs&dhuKmnmg&nm&fxmlsnmn
ﬁww'lmmdddnammedﬂnlmmmSmmmwbyAmnm-ﬁmdulSSha%i-q)xlu!uclmumkﬂ
Bmmwwuknwdﬁo-memﬂwa.mnmumm&n(mm&
() Price of cloctricity = 88 coatykWh.
£5) dastalluion end suintcasace costs & Dot acledod i the sbore calcolations.
(6) Mukup faceos is sssumed 1o be 2.3, mwumamwwummm in the 1989 ISD.
{N Lifciinc s 21 yeors.
MUmuwmbmmmxmwoﬂuCummu&wmwwm
(9) Design Optice Femibility (AHAM) 100% = Mighly fresible; 0% < ot feusible. -
(lO)MIWuWVM(AM 100% = o negative impact; 0% = not makotabls.
S Not alt companics sebmitted data afier sh:is point, having avceaded mainoum secksically foasdle designs.
&
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Life Cycle Costs and Payback Periods of Upright Freezer - Manual Defres

EE-RM-93-801 COMMENT 49

1141883

(AHIAM)
Pacen ME Toa ME. l!ncmun(y Rewll | Anmad  Ucarinty  Ceawlaiive Vifroyche Couts Cost of Comserved Eacagy Design | Masketing |
below Caat Cost  inkex.Mfr  Price gy Use inEncigy Payhack {1992§) Jreats/Wh Opion Lhifity
bascline (19925)  (19928) Com (+£B) (19925 | GWh) U {1£-%) (ycars) 4% % 108 4% &% 108 | Bcasibilisy }Bdodivm Vit )
Bascline 516708 - -, $3829 | 50500 . HA 100898 390812 §769.40 Ha NA NA - -
5% SI40S $1698 2 NA MBI | N 15% 1254 |S101680 $92098 $78920 | MOO 132 1785 | 915% | 1000%
10% $19346 3840 NA | 844497 | 455.00 20% 1363 9100009 $90642 SMO1ST | 3SS 119 1387 | 915% 6904
5% $19994 3647 NA' 345983 | 43010 2% 1 99084 90581 SN | 710 84S 1151 80% 3104
2% $3209.46 W52 NA $48175 | 4D4E0 41% 1094 $98050 $50082 5789847 &86 8.19 1684 65 8% 383%
nE  * 2942 BN NA $50468 1 IS0 13% 1081 $119  $K9255  $19351 618 409 1800 6% 5%
0% v 2341 4] NA.,  S§5253% | 35420 85% 1036 6268  $09200 $75497 | 643 1350 1625 | 323% 128%
358 o gm0 $3H4 mil S602.76 | 32890  113% MM [SIonesl $94325 585308 | 879 1049 1426 | 1532 63%
W% °* Mo NN NA' S6N48 | 303460 200% 13.43 499629 $33278 85454 | 342 1006 1368 856% 00%
452 > 321590 3432 m[ . S63356 | 79830 NA 19 9714 92267 $3637T 1 1m 93¢ v X 23% 00%
0% > $33058  $5468 NA|  $16034 | 29300 NA 1689 |SI07269 S1AR.25  §95290 | 1059 1243 3749 | 09% 00%
I .
(l)‘l'ou!\hl-nesldlaﬁ(m&l‘llmt ﬁl‘dﬁkp'ndtqdm)
P)Baﬁdmcwaﬂluilkﬂull‘xlm MWMW&M&CPCWM%W
O)Mwmlmsbuhl%lmmewMMpqclﬁl A paioe of $350 ws litod for cach of two Kameos: spadghs enessad defist
ﬁcmsdshslnaﬂmuwﬁ.%mﬂdmummﬂuSmmWWWMuukalorCfClq-ctudtcmlMdotmﬂ
MWMMWMhMmmmm.thWdﬁwmﬁ
(£) Brice of dectricity = 8.8 ccatsAWh. i{
(S)Mhmdwmmw‘%nkmm
(Q%p@hu“uhﬁ%mhmydnhphuo-luﬁsmduslu&cI‘ED‘ISD.
) Liletiuns is 21 years.
(¥) Uncensinty in coergy msc is fom :lmmmm»m“mmmudnm
) Design Option Fensitillicy (ABAM): 100% = highly frasitée; 0% = not feasdble,
ﬂuwmiqd%m\hlm(mm 100K =10 negative impect; 0% = pog aarketable.
*Hot sl companics ssbaniticd data sficy this point, havieg excteded auximam technically feasible designs,
)
@
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EE-RM-93-801 COMMENT 49

80490/93

Life Cyde Costs and Paybad( Periods of Chest Freezer - Manaal Defrest
(AIIAM) ’

Pegen: Mh. Iace Mk Uscciainty BRetsl | Aomal  Uocominly Osmelstive [ ifecyele Conts Costof Consorvod Evagy] Design | Merketing
beow Gt Cost ialsctME  Prce |EscgyUss infacrgy  Payback [1122) N (ccotsi VL) Opioo | il
Basclioc  (19525) (19928) Cost(i-%) (19978) | GWh)  Usc(s)- %)  (years) % % 10% | 4% 6% 10% | Feuibllip khodium Vil
Baschee  SIMS3 - yl <. %0143 | 46500 . WA lsorsso sz 995533 | NA  NA MA | - .
55 $18877  SB CNA 543416 4175 15% 16460 ®PS3 s $T037 | 1003 1197 1628 | 1600% 0%
10% 20047 3NN " NA $46100 | 41850 20% 14358 $HNI 833 L0 204 1091 N8I3 ] 815% .38 0%
15% AU M (HA $4N9% | 3952 %% 1149 395955 8816 §1280 221 8§60 17 ] 28% £18%
20% 26 $165s NA $51006 | 37200  30% 1327 | 832 $895.17  $79348 | 833 993 1351 ) S20% 08%
5% 23256 §15.13 HNA $53566 LS 3% 1312 BENR  $895.70 - BN 8.23 982 1335| 358% 353%
3% ° 54641 $1352 NA §366.75 |1 32550 81% 13.47 WEBH $NB72  $BI4A 84 1607 (370] 120% 23%
33 ¢ Snn 518N NA $T13L ] 30228 9.4% B3 §L1344R $10844 9NN | 4B §7IS 2418 A7 Y a0k
40% ° $34045 §1213 ‘NA 13 Mm 900 HO% ny $0.02747 S1O7186 $99537 | 1462 1744 B2} $50% a0%
9% < UPLH6 s NA 58521 28575 140% 3187 5130395 5125298 51,0286 | (299 2B 3242 (579 0%
0% ° 849917 365351 NA S48 | 1234 166% - 3649 15143502 5138377 $§132503 | 2289 2730 3Li3 0.0% Q0%
Azmerapdons: ]

mfanvmnmnuawuutb”mmwmamdm) .

2) Basciac coaygy we §s fos AHALSS 1993 “adjusted asadel” (nchedes adjastancaits fos CFC impace 20d 93 saaadad).

(3) Basctine rotadl paice is from the +1993 FalyWister Awamal Scars catalog, page 1383. A peice of 3370 was Esed for » Kawncre chost massed definss, 158 co

froezar. This modkc] docs pot saect the 3993 seandard. The: Scors cost was ncrcased by AHAMS cost saljestowcat of $34 A3 fur CFC impace sad the 1993 standend.

Bascline snesafacteser cost was calcalilod from the setail 6ost, sesuming & asarkup factor of 23 (soe mote 6). ’

() iceof cloaadciey = 8.8 coma/KWh. |

mmumMuquhumm
ﬁ)uaduphmkmwhuzsﬂnﬁm&emdmknpbﬂwh&hpﬂudﬂh&lmm

1) Liktine 36 21 years.

mwmmuuﬁﬁmwu‘nlmEmgOpdoo&mhduMywmdwmmndoddam

19) Design Opticn Feashality (AHAM) 100% = bighly foasible; 0% = wot feasible:

(109 Masketing Uniticy st Décdinm Volume (AHASE): 100% = o scgalive inpacs; 0% = mot markesstic.

" *Not all companics submisiod dala aficr this polat, kavig excoodod seaxicaxm séchnically feasitde dosigns.

@
I
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EE-RM-93-801 COMMENT 49

1998 NAECA Negotiation Summary

. Automatic Defrost Refrigerator/Freezers
" Original 1993 NAECA

Slope y-inter % below 1993
Top Frz Auto 16.00 355.0 29.6%
Top Frz Disp 17.60 391.0- 26.0%
Side Frz Auto 11.80 501.0 22.0%
Side Frz Disp 16.30 527.0 29.3%
Bottom Frz Auto 16.50 367.0 26.0%

Compact Refrigerators (7.75 cu ft or smaller)*
Original 1993 NAECA

% below 1993

‘ Slope y-inter

Manual Defr R/F 13.50 299.0 5.0%
Partial Defr R/F 10.40 398.0  5.0%
Top Frz Auto 16.00 355.0 5.0%
Side Frz Auto 11.80 501.0 5.0%
Bottom Frz Auto 16.50 367.0 5.0%
Upright Frz Auto 14.90 391.0 5.0%
Upright Frz Man 10.30  264.0 5.0%

Chest Frz Manual 11.00

Freezer Products (full-sized, |argér than 7.7S cu ft)

Original 1993 NAECA

160.0 5.0%

Slope y-inter % below 1993
Upright Frz Auto 14.90 391.0 16.6%
Upright Frz Man 10.30 264.0 14.2%

Chest Frz Man 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 13.50 289.0 24.4%
Partial Defr R/F 10.40 398.0 30.9%

*Compact Refrigerators or Freezers are deﬁngg’ffgg heing LESSTHAN 7.75 cu ft AHAM (FTC reported) volume AND LESS THAN 36" in HEIGHT.

1998 NAECA/RSG Final

Slope

9.80
10.20
4.91
10.10
4.60

y-inter
276.0
356.0
507.5
406.0
459.0

1998 NAECA/RSG Final

Slope
10.70
7.00
12.70
7.60
13.10
11.40
9.78
10.45

y-inter
299.0
398.0
355.0
501.0
367.0
391.0
250.8
152.0

1998 NAECA/RSG Final

Slope
12.43
7.55
9.88

y-inter
326.1
258.3
143.7

1998 NAECA/RSG Final

Slope

8.82
8.82

y-inter
248.4
2484

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
Phaseout
-10.0%
-10.0%
-10.0%

HCFC
Phaseout
-10.0%
-10.0%

HCFC-free/RSG Final

Slope

10.78
11.22
5.40
1.1
5.06

y-inter
303.6
391.6
558.3
446.6
504.9

HCFC-free/RSG Final

Slope
11.77
7.70
13.97
8.36
14.41
12.54
10.76
11.50

y-inter
'328.9

437.8

390.5

5511

403.7

430.1

275.9

167.2

HCFC-free/RSG Final

Slope
13.67
8.31
10.87

y-inter
358.7
284 1
158.1

HCFC-free/RSG Final

Slope
9.70
9.70

y-inter
273.2
273.2

LJS 8.18.94

negotsud.j
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EE-RM-93-801 COMMENT 49

Figure 1

Change in Refrigerators for Ex-Manufacturer
Price Versus Consumer Prices Index

IR

—8— Consumer Price Index - Al —+— Average KWh/Year Refrigerators/10

—+— Producer Price Index Refrigerators ~ —a—— PPI/CPI/Refrigerators - Value
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EE-RM-93-801 COMMENT 49

Rgure 2 o

Refrigerator Industry

Value at Various Standard Levels - Automatic Defrost Refrigerators
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EE-RM-93-801 COMMENT 49

Figure 3

Refrigerator Industry

Value Loss at%!Varioui Standard Levels - Automatic Defrost Refrigerators
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Figure 4

Freezer Industry

EE-RM-93-801 COMMENT 49

Value at Prdposed Standard Level
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EE-RM-93-801 COMMENT 49 mEn L

Energy Imnacts of 1998 NAECA Negotiations

B Annual Prod* AV** 1993 RSG 1998
Top Frz Auto 4,506,765 21.7 702.20 ~ 488.66
Top Frz Disp 75,772 254 838.04 615.08
Side Frz Auto 389,291 26.3 811.34 636.63
Side Frz Disp 984,793 25.4 941.02 662.54
‘Bottom Frz Auto 93,213 248 776.20 573.08
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 44252
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

aTotal Enérgy 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 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 unhty)

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 Consumptlon of Freezers if ALL @ AHAM:
0.230 QUADS (at utility)

Annual Watt/hr 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% Utllity 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

LJS 8.18.94
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