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CHAPTER 1. INTRODUCTION
1.1 PURPOSE OF THE DOCUMENT

This technical support document (TSD) is a stand-alone report that provides the technical
analyses and results in support of the information presented in the notice of proposed rulemaking
(NOPR) for commercial refrigeration equipment (CRE). This NOPR TSD also complements the
life-cycle cost (LCC) and payback period (PBP), and national impact analysis (NIA)
spreadsheets that are posted on the U.S. Department of Energy’s (DOE’s) website
at: www.eere.energy.gov/buildings/appliance standards/rulemaking.aspx/ruleid/27.

1.2 SUMMARY OF NATIONAL BENEFITS

DOE’s analyses indicate that the proposed standards would save a significant amount of
energy. The lifetime savings for commercial refrigeration equipment purchased in the 30-year
period that begins in the year of the compliance with amended standards (2017-2046) amount to
1.001 quadrillion British thermal units (quads). This is equivalent to 83 percent of total U.S.
commercial sector energy (source energy) used for refrigeration in 2010.*

The cumulative national net present value (NPV) of total customer costs and savings of
the proposed standards for commercial refrigeration equipment in 2012$ ranges from $1.606
billion (at a 7 percent discount rate) to $4.067 billion (at a 3 percent discount rate). This NPV
expresses the estimated total value of future operating cost savings minus the estimated increased
installed costs for equipment purchased in 2017-2046, discounted to 2013. The industry net
present value (INPV) is the sum of the discounted cash flows to the industry from the base year
(2013) through the end of the analysis period (2046). Using a real discount rate of 10 percent,b
DOE estimates that the INPV for manufacturers of commercial refrigeration equipment is
$1,162.0 million in 2012$. Under the proposed standards, DOE expects that manufacturers may
lose up to 7.97 percent of their INPV, or approximately $92.6 million.

The proposed standards are expected to have significant environmental benefits. The
energy savings would result in cumulative greenhouse gas (GHG) emission reductions of
54.88 million metric tons (MMt)° of carbon dioxide (CO,), 265.9 thousand tons of methane, 1.1
thousand tons of nitrous oxide, 70.1 thousand tons of sulfur dioxide (SO,), 81.1 thousand tons of
NOx, and 0.1 tons of mercury (Hg).® DOE estimates that the net present monetary value of the
CO; emissions reduction would be between $0.31 and $4.55 billion. DOE also estimates the

? Total U.S. commercial sector energy (source energy) used for refrigeration in 2010 was 1.21 quads. Source: U.S.
Department of Energy—Office of Energy Efficiency and Renewable Energy. Buildings Energy Data Book,

Table 3.1.4, 2010 Commercial Energy End-Use Splits, by Fuel Type (Quadrillion Btu). 2012. (Last accessed April
23,2013.)

http://buildingsdatabook.eren.doe.gov/TableView.aspx?table=3.1.4

® This is the rate used to discount future cash flows in the Manufacturer Impact Analysis. A discount rate of 10
percent was calculated based on SEC filings and feedback from manufacturer interviews about the current cost of
capital in the industry. For more information, refer to Chapter 12 of the NOPR TSD.

¢ A metric ton is equivalent to 1.1 U.S. short tons. Results for NO, and Hg are presented in short tons.

4 DOE calculated emissions reductions relative to the Annual Energy Outlook 2013 (AE02013) Reference case,
which generally represents current legislation and environmental regulations for which implementing regulations
were available as of December 31, 2012.
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present monetary value of the NOy emissions reduction would be between $8.8 and $90.7
million at a 7 percent discount rate and between $19.1 and $196.2 million at a 3 percent discount
rate.

The benefits and costs of today’s proposed standards, for commercial refrigeration
equipment sold in 2017-2046, can also be expressed in terms of annualized values. The
annualized monetary values are the sum of 1) the annualized national economic value of the
benefits from the customer operation of equipment that meets the proposed standards (consisting
primarily of operating cost savings from using less energy, minus increases in equipment
installed cost, which is another way of representing customer NPV) and 2) the annualized
monetary value of the benefits of emission reductions, including CO, emission reductions.
The value of the CO, reductions is calculated using a range of values per metric ton of CO,
(otherwise known as the Social Cost of Carbon [SCC]) developed by a recent Federal
interagency process. The monetary costs and benefits of cumulative emissions reductions are
reported in 20128$ to permit straightforward comparisons with the other costs and benefits. The
derivation of the values of the SCC is discussed in appendices 14A and 14B.

f

Although combining the values of operating savings and CO; emission reductions
provides a useful perspective, two issues should be considered. First, the national operating
savings are domestic U.S. customer monetary savings that occur as a result of market
transactions, while the value of CO; reductions is based on a global value. Second, the
assessments of operating cost savings and CO; savings are performed with different methods
that use different time frames for analysis. The national operating cost savings is measured over
the lifetimes of commercial refrigeration equipment shipped in 2017-2046. The SCC values, on
the other hand, reflect the present value of some future climate-related impacts resulting from the
emission of 1 ton of CO; in each year. These impacts continue well beyond 2100.

Table 1.2.1 shows the annualized benefits and costs of the proposed standards. The
results of the primary estimate are as follows. Table 1.2.1 shows the primary, low net benefits,
and high net benefits scenarios. The primary estimate is the estimate in which the operating cost
savings were calculated using the Annual Energy Outlook 2013 (AEO2013)" Reference Case
forecast of future electricity prices. The other two estimates, low net benefits estimate and high
net benefits estimate, are based on the low and high electricity price scenarios from the AEO2013
forecast. At a 7-percent discount rate for benefits and costs, the cost in the primary estimate of
the standards proposed in today’s notice is $82 million per year in increased equipment costs.
The annualized benefits are $203 million per year in reduced equipment operating costs, $75
million in CO; reductions (note that DOE used a 3-percent discount rate, along with the
corresponding SCC series that uses a 3-percent discount rate, to calculate the monetized value of

¢ DOE is currently investigating valuation of avoided Hg and SO, emissions.

"DOE used a two-step calculation process to convert the time-series of costs and benefits into annualized values.
First, DOE calculated a present value in 2013, the year used for discounting the NPV of total consumer costs and
savings, for the time-series of costs and benefits using discount rates of 3 and 7 percent for all costs and benefits
except for the value of CO, reductions. For the latter, DOE used a range of discount rates, as shown in Table 1.2.1.
From the present value, DOE then calculated the fixed annual payment over a 30-year period (2017 through 2046)
that yields the same present value. The fixed annual payment is the annualized value. Although DOE calculated
annualized values, this does not imply that the time-series of cost and benefits from which the annualized values
were determined is a steady stream of payments.
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CO; emissions reductions), and $3.75 million in reduced NOy emissions. In this case, the
annualized net benefit amounts to $199 million. At a 3-percent discount rate for all benefits and
costs, the cost in the primary estimate of the amended standards proposed in today’s notice is
$97 million per year in increased equipment costs. The benefits are $299 million per year in
reduced operating costs, $75 million in CO; reductions, and $5.33 million in reduced NO
emissions. In this case, the net benefit amounts to $281 million per year.

Table 1.2.1 Annualized Benefits and Costs of Proposed Standards for Commercial
Refrigeration Equipment

Discount Primary Low Net Benefits | High Net Benefits
Rate Estimate* Estimate* Estimate*
million 20128 million 20128 million 20128
Benefits

. . 7% 203 197 212
Operating Cost Savings 3% 299 288 314
CO, Reduction Monetized N
Value (at $12.9/Metric Ton)** S 19 19 19
CO, Reduction Monetized N
Value (at $40.8/Metric Ton)** 3% 75 & 73
CO, Reduction Monetized o
Value (at $62.2/Metric Ton)** 2:5% 114 14 114
CO; Reduction Monetized o
Value (at $117.0/Metric Ton)** 3% 225 225 225
NO, Reduction Monetized 7% 3.75 3.75 3.75
Value (at $2,639/Ton)** 3% 5.33 5.33 5.33
Total Benefits (Operating Cost N
Savings, CO, Reduction and 7% 281 275 290
NO, Reduction) 3% 379 368 394

Costs
Total Incremental Installed 7% 82 84 80
Costs 3% 97 100 95
Net Benefits Less Costs

Total Benefits Less Incremental 7% 199 191 210
Costs 3% 281 268 299

* This table presents the annualized costs and benefits associated with equipment shipped in 2017-2046. These results
include benefits to consumers which accrue after 2046 from the products purchased in 2017-2046. The primary, low,
and high estimates utilize forecasts of energy prices from the AEO2013 Reference Case, Low Economic Growth Case,
and High Economic Growth Case, respectively. In addition, incremental equipment costs reflect a medium decline rate
for projected product price trends in the Primary Estimate, a low decline rate for projected equipment price trends in
the Low Benefits Estimate, and a high decline rate for projected equipment price trends in the High Benefits Estimate.
The methods used to derive projected price trends are explained in Appendix 10B.

** The interagency group selected four sets of SCC values for use in regulatory analyses. Three sets of values are
based on the average SCC from the three integrated assessment models at discount rates of 2.5, 3, and 5 percent. The
fourth set, which represents the 95th percentile SCC estimate across all three models at a 3-percent discount rate, is
included to represent higher-than-expected impacts from temperature change further out in the tails of the SCC
distribution. The values in parentheses represent the SCC in 2015. The SCC time series incorporate an escalation
factor. The value for NOy is the average of the low and high values used in DOE’s analysis.

+ Total Benefits for both the 3- and 7-percent cases are derived using the series corresponding to average SCC with 3-
percent discount rate. In the rows labeled “7% plus CO; range” and “3% plus CO, range,” the operating cost and NOx
benefits are calculated using the labeled discount rate, and those values are added to the full range of CO, values.

DOE also calculated the low net benefits and high net benefits estimates by calculating
the operating cost savings and incremental installed costs at the AEO2013 low economic growth
case and high economic growth case scenarios, respectively. These scenarios do not change the



monetized emissions reductions values. The net benefits and costs for low and high net benefits
estimates were calculated in the same manner as the primary estimate by using the corresponding
values of operating cost savings and incremental installed costs.

1.3 OVERVIEW OF APPLIANCE STANDARDS

Part B of Title III of the Energy Policy and Conservation Act of 1975 (EPCA or the Act),
Pub. L. 94-163, as amended by the National Energy Conservation Policy Act of 1978 (NECPA),
Pub. L. 95-619; the National Appliance Energy Conservation Act of 1987 (NAECA), Pub. L.
100-12; the National Appliance Energy Conservation Amendments of 1988 (NAECA 1988),
Pub. L. 100-357; and the Energy Policy Act of 1992 (EPACT 1992), Pub. L. 102-486,
established the Energy Conservation Program for Consumer Products other than Automobiles.
(42 U.S.C. 6291-6309) Part 3 of Title IV of NECPA amended EPCA to add Part A-1 of Title III,
which established an energy conservation program for certain industrial equipment.® (42 U.S.C.
6311-6317) EPACT 1992 included amendments to EPCA that expanded Title III to include
additional commercial equipment. The Energy Policy and Conservation Act of 2005
(EPACT 2005), Pub. L. 109-58, updated several existing standards and test procedures;
prescribed definitions, standards, and test procedures for certain new consumer products and
commercial equipment; and mandated that the Secretary of Energy (the Secretary) commence
rulemakings to develop test procedures and standards for certain new consumer products and
commercial equipment.

DOE is required to design each standard for this equipment to 1) achieve the maximum
improvement in energy efficiency that is technologically feasible and economically justified and
2) result in significant conservation of energy. (42 U.S.C. 6295(0)(2)(A) and (0)(3)(B),

42 U.S.C. 6316(e)(1)(A)) To determine whether a proposed standard is economically justified,
DOE will, after receiving comments on the proposed standard, determine whether the benefits of
the standard exceed its burdens to the greatest extent practicable, considering the following seven
factors:

1. the economic impact of the standard on the manufacturers and on the consumers of the
products subject to such standard;

2. the savings in operating costs throughout the estimated average life of the covered
product in the type (or class) compared to any increase in the price of, or in the initial
charges for maintenance expenses of, the covered products that are likely to result from
the imposition of the standard,

3. the total projected amount of energy savings likely to result directly from the imposition
of the standard;

4. any lessening of the utility or the performance of the covered products likely to result
from the imposition of the standard;

€ This part was originally titled Part C. However, it was redesignated Part A-1 after Part B of Title Il of EPCA was
repealed by Pub. L. 109-58.
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5. the impact of any lessening of competition, as determined in writing by the Attorney
General, that is likely to result from the imposition of the standard;

6. the need for national energy conservation; and
7. other factors the Secretary considers relevant.
(See 42 U.S.C. 6295(0)(2)(B)(1); 6316(e)(1)(A))

For commercial refrigeration equipment, DOE is applying those factors in a manner
consistent with its other energy conservation standards rulemakings to ascertain the maximum
improvement in energy efficiency that is technologically feasible and economically justified for
this equipment.

1.4 OVERVIEW OF COMMERCIAL REFRIGERATION EQUIPMENT
STANDARDS

EPACT 2005 included amendments to EPCA that update several existing standards and
test procedures; prescribe definitions, standards, and test procedures for certain new consumer
products and commercial equipment; and mandate that DOE commence rulemakings to develop
test procedures and standards for certain new consumer products and commercial equipment.
With respect to the standards for commercial refrigeration equipment, EPCA, as amended by
EPACT 2005, also stated that:

(A) Not later than January 1, 2013, the Secretary shall issue a final rule to
determine whether the standards established under this subsection should be
amended.

(B) Not later than 3 years after the effective date of any amended standards under
subparagraph (A) or the publication of a final rule determining that the standards
should not be amended, the Secretary shall issue a final rule to determine whether
the standards established under this subsection or the amended standards, as
applicable, should be amended.

(C) If the Secretary issues a final rule under subparagraph (A) or (B) establishing
amended standards, the final rule shall provide that the amended standards apply
to products manufactured on or after the date that is —

(1) 3 years after the date on which the final amended standard is published; or

(i1) if the Secretary determines, by rule, that 3 years is inadequate, not later than 5
years after the date on which the final rule is published.

42 U.S.C. 6313(c)(6)
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14.1 Definitions

Section 136(a)(3) of EPACT 2005 amended section 340 of EPCA by striking paragraph 9
and inserting definitions for the following terms that describe commercial refrigeration
equipment:

(9)(A) The term “commercial refrigerator, freezer, and refrigerator-freezer”
means refrigeration equipment that—

(1) is not a consumer product (as defined in section 321 of EPCA);

(1) 1s not designed and marketed exclusively for medical, scientific, or research
purposes;

(ii1) operates at a chilled, frozen, combination chilled and frozen, or variable
temperature;

(iv) displays or stores merchandise and other perishable materials horizontally,
semi-vertically, or vertically;

(v) has transparent or solid doors, sliding or hinged doors, a combination of
hinged, sliding, transparent, or solid doors, or no doors;

(vi) 1s designed for pull-down temperature applications or holding temperature
applications; and

(vii) is connected to a self-contained condensing unit or to a remote condensing
unit.

(B) The term “holding temperature application” means a use of commercial
refrigeration equipment other than a pull-down temperature application, except a
blast chiller or freezer.

* ok 3k

(D) The term “pull-down temperature application” means a commercial
refrigerator with doors that, when fully loaded with 12 ounce beverage cans at
90 degrees F, can cool those beverages to an average stable temperature of

38 degrees F in 12 hours or less.

(E) The term “remote condensing unit” means a factory-made assembly of
refrigerating components designed to compress and liquefy a specific refrigerant
that is remotely located from the refrigerated equipment and consists of one or
more refrigerant compressors, refrigerant condensers, condenser fans and motors,
and factory supplied accessories.

(F) The term “self-contained condensing unit” means a factory-made assembly of
refrigerating components designed to compress and liquefy a specific refrigerant
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that is an integral part of the refrigerated equipment and consists of one or more
refrigerant compressors, refrigerant condensers, condenser fans and motors, and
factory supplied accessories.

42 U.S.C. 6311(9)
1.4.2 Rulemaking History

The current standards for commercial refrigeration equipment are a result of two
legislative actions and one rulemaking: standards prescribed by EPACT 2005 for certain
equipment, standards for other equipment established by DOE through issuance of a final rule,

and standard prescribed by American Energy Manufacturing Technical Corrections Act
(AEMTCA), Pub. L. 112-210 (2012).

1.4.2.1 Standards Prescribed by Statute

Section 136(c) of EPACT 2005 amended EPCA to prescribe energy conservation
standards for self-contained equipment consisting of commercial refrigerators with solid doors,
commercial refrigerators with transparent doors, commercial freezers with solid doors,
commercial freezers with transparent doors, commercial refrigerator/freezers with solid doors
designed for holding temperature applications, and commercial refrigerators with transparent
doors designed for pull-down temperature applications. (42 U.S.C. 6313(c)(1-3)) These
standards became effective on January 1, 2010. See Table 1.4.1 in section 1.4.3.

Section 4 of AEMTCA established a new standard for self-contained service over counter
commercial refrigerators for medium temperature applications (SOC.SC.M) by amending section
342(c) of EPCA. (42 U.S.C. 6313(c)(4)) SOC.SC.M equipment had previously been
inadvertently classified by EPACT 2005 under the category self-contained commercial
refrigerators with transparent doors. (42 U.S.C. 6313(c)(2)) Section 4 of AEMTCA was aimed at
addressing this discrepancy.

1.4.2.2 Standards Established by Rulemaking

Section 136(c) of EPACT 2005 also amended EPCA to mandate that DOE set standards
for the following additional categories of equipment: ice-cream freezers; self-contained
commercial refrigerators, freezers, and refrigerator-freezers without doors; and remote
condensing commercial refrigerators, freezers, and refrigerator-freezers. (42 U.S.C.
6313(c)(5)(A)) DOE undertook a rulemaking process beginning in April 2006, when it published
the Rulemaking Framework for Commercial Refrigeration Equipment Including Ice-Cream
Freezers; Self-Contained Commercial Refrigerators, Freezers, and Refrigerator-Freezers
without doors,; and Remote Condensing Commercial Refrigerators, Freezers, and Refrigerator-
Freezers (April 2006 framework document). The April 2006 framework document described the
procedural and analytical approaches DOE anticipated using to evaluate the establishment of
energy conservation standards for these types of commercial refrigeration equipment. This
document is available
at www].eere.energy.gov/buildings/appliance standards/commercial/pdfs/comml _refrig_framew

ork.pdf
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DOE held a public meeting on May 16, 2006 to discuss procedural and analytical
approaches to the rulemaking and to inform and facilitate the involvement of interested parties in
the rulemaking process. The analytical framework presented at the public meeting described
different analyses, such as the engineering analysis and the LCC and PBP analyses, the methods
proposed for conducting them, and the relationships among the various analyses.

After the public meeting associated with the April 2006 framework document, as part of
the information gathering and sharing process for the preliminary manufacturer impact analysis
(MIA), DOE conducted interviews with CRE manufacturers. DOE selected companies that
represented production of all types of equipment covered by the rulemaking, ranging from small
to large manufacturers, and included Air-Conditioning and Refrigeration Institute (ARI)"
member companies and non-ARI member companies. DOE had four objectives for these
interviews: 1) solicit feedback on the draft engineering analysis (including methodology,
production costs, manufacturing processes, and findings); 2) solicit feedback on topics related to
the preliminary MIA; 3) provide an opportunity, early in the rulemaking process, for these
manufacturers to express specific concerns to DOE; and 4) foster cooperation between the
manufacturers and DOE.

DOE developed a preliminary engineering analysis to estimate the cost of manufacturing
equipment at efficiencies above the baseline levels. DOE also developed spreadsheets to conduct
the LCC, PBP, and NIA. The LCC spreadsheet calculates national distributions of LCC savings
at various energy efficiency levels above the baseline. It can also provide LCC savings based on
typical input values for several business types that use commercial refrigeration equipment. The
NIA spreadsheet calculates the national energy savings (NES) and national NPVs at various
energy efficiency levels. It also includes a model that forecasts shipments for the various
equipment classes of commercial refrigeration equipment at different efficiency levels.

In July 2007, DOE published an advance notice of proposed rulemaking (July 2007
ANOPR) for commercial refrigeration equipment including ice-cream freezers; self-contained
commercial refrigerators, freezers, and refrigerator-freezers without doors; and remote
condensing commercial refrigerators, freezers, and refrigerator-freezers. 72 FR 41162 (July 26,
2007). In the July 2007 ANOPR analysis, DOE considered establishing energy conservation
standards for these types of commercial refrigeration equipment and announced a public meeting
to receive comments on a variety of issues. This document is available at
www].eere.energy.gov/buildings/appliance_standards/commercial/pdfs/comml_refrig_anopr 07

2607.pdf.

DOE held a public meeting on August 23, 2007 (August 2007 ANOPR public meeting)
to provide interested parties the opportunity to comment on the equipment classes proposed by
DOE in the July 2007 ANOPR; the analytical framework, models, and tools (e.g., LCC and NES
spreadsheets) that DOE had developed to perform analyses of the impacts of potential energy
conservation standards; the results of the preliminary analyses; and the candidate energy
conservation standard levels.

" On January 1, 2008, the Air-Conditioning and Refrigeration Institute (ARI) and the Gas Appliance Manufacturers
Association (GAMA) merged to become the Air-Conditioning, Heating, and Refrigeration Institute (AHRI), to
represent the interests of cooling, heating, and commercial refrigeration equipment manufacturers.
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After the publication of the July 2007 ANOPR and the presentation of the ANOPR to
interested parties at the August 2007 ANOPR public meeting, DOE conducted additional
interviews with CRE manufacturers as part of its development of the MIA for the NOPR. There
were 13 general topics discussed during each of the interviews: 1) general key issues; 2)
company overview and organizational characteristics; 3) company financial parameters; 4)
production cost breakdown; 5) shipment projections and market shares; 6) equipment mixes;

7) conversion costs; 8) markups and profitability; 9) cumulative regulatory burden; 10) exports,
foreign competition, and outsourcing; 11) direct employment impact assessment; 12) market
consolidation; and 13) baseline products and different design options.

Based on findings from the preliminary engineering, LCC and NIA, and public comments
provided in response to the July 2007 ANOPR, DOE updated these analyses. In updating these
analyses, DOE reviewed the recommendations made on April 21, 1998 by the Advisory
Committee on Appliance Energy Efficiency Standards. (Advisory Committee, No. 96)' DOE’s
analysis implemented recommendations related to 1) defining a range of energy price futures for
each fuel used in the economic analyses; and 2) defining a range of primary energy conversion
factors and associated emission reductions based on the generation of energy and emissions that
would be displaced by energy efficiency standards for each rulemaking. In addition, DOE
performed additional analyses assessing impacts on national employment, consumer subgroups,
utilities, and the environment. DOE also developed analysis of alternatives to efficiency standard
regulations.

On August 25, 2008, DOE published a NOPR (August 2008 NOPR) for commercial
refrigeration equipment including ice-cream freezers; self-contained commercial refrigerators,
freezers, and refrigerator-freezers without doors; and remote condensing commercial
refrigerators, freezers, and refrigerator-freezers, to propose energy conservation standards for
these types of commercial refrigeration equipment, and to announce a public meeting to receive
comments on a variety of issues. 73 FR at 50072. This document is available
at www l.eere.energy.gov/buildings/appliance _standards/commercial/pdfs/cre_nopr_fr final.pdf.

DOE held a public meeting on September 23, 2008 (September 2008 public meeting) to
provide interested parties the opportunity to comment on the proposed standards, results of the
analyses, and the trial standard levels (TSLs).

After the publication of the August 2008 NOPR and the September 2008 NOPR public
meeting, DOE received more than 100 comments from a diverse set of interested parties,
including manufacturers and their representatives, trade associations, wholesalers and distributors,
energy conservation advocates, and electric utilities. Comments addressed DOE methodology, the
information DOE used in its analyses, results of and inferences drawn from the analyses, impacts
of standards, the merits of the different TSLs, standards options DOE considered, and other issues
affecting adoption of standards for commercial refrigeration equipment.

! Advisory Committee, No. 96 refers to the recommendations of the Advisory Committee on Appliance Energy
Efficiency Standards and is available for inspection at the U.S. Department of Energy, 950 L’Enfant Plaza SW.,
Suite 600, Washington, DC, 20024 (Resource Room) in the file under “Energy Conservation Program for Consumer
Products: Procedures for Consideration of New or Revised Energy Conservation Standards for Consumer Products,”
RIN [1904-AA83], as document number 96.
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DOE considered these comments in developing a final rule for commercial refrigeration
equipment, published on January 9, 2009 (herein referred to as the “January 2009 final rule”).
74 FR at 1092. The January 2009 final rule established standards for ice-cream freezers; self-
contained commercial refrigerators, freezers, and refrigerator-freezers without doors; and remote
condensing commercial refrigerators, freezers, and refrigerator-freezers, which became effective
on January 1, 2012.

1.4.3 Current Energy Conservation Standards

Table 1.4.1 and Table 1.4.2 show the current standards for the two subsets of commercial
refrigeration equipment.

Table 1.4.1 CRE Standards Prescribed by EPCA, Effective January 1, 2010

Maximum Daily Energy Consumption
Category KWh/day*

Refrigerators with solid doors 0.10 V+2.04
Refrigerators with transparent doors 0.12V+3.34

Freezers with solid doors 040V +1.38

Freezers with transparent doors 0.75V+4.10
Refrigerators/freezers with solid doors the greater of 0.27 AV - 0.71 or 0.70
Self—contamed refrigerators with transpar.ent.doors 0.126 V +3.51

designed for pull-down temperature applications

* kilowatt-hours per day

Table 1.4.2 CRE Standards Established in the 2009 Final Rule, Effective January 1, 2012

. - Standard Level ' . Standard Level ™'
Equipment Class KWh/day Equipment Class KWh/day
VOP.RC.M 0.82 x TDA +4.07 VCT.RC.I 0.66 x TDA +3.05
SVO.RC.M 0.83 x TDA +3.18 HCT.RC.M 0.16 x TDA +0.13
HZO.RC.M 0.35 x TDA +2.88 HCT.RC.L 0.34 x TDA +0.26
VOP.RC.L 2.27 x TDA + 6.85 HCT.RC.I 0.4 x TDA +0.31
HZO.RC.L 0.57 x TDA + 6.88 VCS.RC.M 0.11 xV +0.26
VCT.RC.M 0.22 x TDA +1.95 VCS.RC.L 0.23 xV +0.54
VCT.RC.L 0.56 x TDA +2.61 VCS.RC.I 0.27 xV+0.63
SOC.RC.M 0.51 x TDA +0.11 HCS.RC.M 0.11 xV +0.26
VOP.SC.M 1.74 x TDA +4.71 HCS.RC.L 0.23 xV +0.54
SVO.SC.M 1.73 x TDA +4.59 HCS.RC.I 0.27 xV +0.63
HZO.SC.M 0.77 x TDA + 5.55 SOC.RC.L 1.08 x TDA +0.22
HZO.SC.L 1.92 x TDA + 7.08 SOC.RC.I 1.26 x TDA +0.26
VCT.SC.I 0.67 x TDA +3.29 VOP.SC.L 4.37x TDA +11.82
VCS.SC.I 0.38 xV +0.88 VOP.SC.I 5.55 x TDA +15.02
HCT.SC.I 0.56 x TDA +0.43 SVO.SC.L 4.34 x TDA +11.51
SVO.RC.L 2.27 x TDA + 6.85 SVO.SC.I 5.52 x TDA + 14.63
VOP.RC.I 2.89 x TDA + 8.7 HZO.SC.I 2.44 x TDA +9.
SVO.RC.I 2.89 x TDA + 8.7 SOC.SC.I 1.76 x TDA + 0.36
HZO.RC.I 0.72 x TDA + 8.74 HCS.SC.I 0.38 xV +0.88

“For this rulemaking, equipment class designations consist of a combination (in sequential order separated by periods) of (1) an
equipment family code (VOP=vertical open, SVO=semivertical open, HZO=horizontal open, VCT=vertical transparent doors,
VCS=vertical solid doors, HCT=horizontal transparent doors, HCS=horizontal solid doors, or SOC=service over counter); (2) an
operating mode code (RC=remote condensing or SC=self-contained); and (3) a rating temperature code (M=medium temperature
(38 °F)), L=low temperature (0 °F), or I=ice-cream temperature (-15 °F)). For example, “VOP.RC.M” refers to the “vertical
open, remote condensing, medium temperature” equipment class.

TDA is the total display area of the case, as measured in ARI Standard 1200-2006, appendix D.
TV is the volume of the case, as measured in ARI Standard 1200-2006, appendix C.
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In addition to the standards in Table 1.4.1 and Table 1.4.2, the standard for equipment
class SOC.SC.M, established by AEMTCA, is given by the expression 0.6 x TDA + 1.0, and has
an effective date of January 1, 2012 (42 U.S.C. 6313(c)(4)).

1.4.4 Framework and Analysis Methodology

DOE initiated this rulemaking to fulfill its statutory requirements set forth in 42 U.S.C.
6313(c) with respect to establishing amended energy conservation standards for commercial
refrigeration equipment. As the first step in April 2010, DOE published a Rulemaking
Framework for Commercial Refrigeration Equipment (April 2010 framework document)
describing the procedural and analytical approaches DOE anticipated using to evaluate the
establishment of energy conservation standards for commercial refrigeration equipment. This
document is available
at www .eere.energy.gov/buildings/appliance standards/commercial/pdfs/cre_framework 04-

30-10.pdf

DOE held a public meeting on May 18, 2010 (May 2010 framework public meeting) to
discuss procedural and analytical approaches to the rulemaking and to inform interested parties
and facilitate their involvement in the rulemaking process. The analytical framework presented at
the public meeting described different analyses, such as the engineering analysis and the LCC
and PBP analyses, the methods proposed for conducting them, and the relationships among the
various analyses.

After the analytical framework public meeting, as part of the information gathering and
sharing process for the preliminary MIA, DOE organized and held interviews with CRE
manufacturers. DOE selected companies that represented production of all types of commercial
refrigeration equipment, ranging from small to large manufacturers. DOE had four objectives for
these interviews: 1) solicit feedback on the draft engineering analysis (including methodology,
production costs, manufacturing processes, and findings); 2) solicit feedback on topics related to
the preliminary MIA; 3) provide an opportunity, early in the rulemaking process, for
manufacturers to express specific concerns to DOE; and 4) foster cooperation between the
manufacturers and DOE.

In March 2011, DOE published a notice of public meeting and availability of the
preliminary TSD (March 2011 preliminary analysis) for the ongoing rulemaking to potentially
amend energy conservation standards for commercial refrigeration equipment. This document is
available
at www .eere.energy.gov/buildings/appliance standards/commercial/pdfs/fr_nopm_publication_
2011_03_30.pdf

DOE held a public meeting on April 19, 2011 (April 2011 preliminary analysis public
meeting) to give stakeholders the opportunity to comment on the proposed equipment classes
DOE is considering; the analytical framework, models, and tools (e.g., LCC and NES
spreadsheets) that DOE has been using to perform analyses of the impacts of energy
conservation standards; the results of the preliminary analyses; and the candidate energy
conservation standard levels. See Table 1.4.3 for all the analyses discussed at the public meeting
to be undertaken in each of the formal public rulemaking documents.


http://www1.eere.energy.gov/buildings/appliance_standards/commercial/pdfs/cre_framework_04-30-10.pdf
http://www1.eere.energy.gov/buildings/appliance_standards/commercial/pdfs/cre_framework_04-30-10.pdf
http://www1.eere.energy.gov/buildings/appliance_standards/commercial/pdfs/fr_nopm_publication_2011_03_30.pdf
http://www1.eere.energy.gov/buildings/appliance_standards/commercial/pdfs/fr_nopm_publication_2011_03_30.pdf

Table 1.4.3 CRE Analyses

Preliminary Analysis NOPR Final Rule*
Market and technology assessment Revised preliminary analyses Revised NOPR analyses
Screening analysis Customer subgroup analysis
Engineering analysis Manufacturer impact analysis
Energy use characterization Utility impact analysis
Markups to determine equipment price Employment impact analysis
LCC and PBP analyses Emissions analysis
Shipments analysis Emissions monetization
NIA Regulatory impact analysis
Preliminary MIA

* During the final rule phase, DOE considers the comments submitted by the U.S. Department of Justice in the NOPR phase
concerning the impact of any lessening of competition that is likely to result from the imposition of the standard. (42 U.S.C.
6295(0)(2)(B)(V))

After the posting of the March 2011 preliminary analysis TSD and the April 2011
preliminary analysis public meeting, DOE conducted interviews with CRE manufacturers as part
of the MIA for the NOPR. A number of general topics were discussed during each interview:

1) general key issues; 2) company overview and organizational characteristics; 3) company
financial parameters; 4) production cost breakdown; 5) shipment projections and market shares;
6) equipment mixes; 7) conversion costs; 8) markups and profitability; 9) cumulative regulatory
burden; 10) exports, foreign competition, and outsourcing; 11) direct employment impact
assessment; 12) market consolidation; and 13) baseline products and different design options.

DOE developed spreadsheets for the LCC and PBP analyses and for the NIA in an effort
to meet the objectives of the Process Rule. The LCC spreadsheet calculates national distributions
of LCC savings at all efficiency levels above the baseline. DOE also developed an NIA
spreadsheet that calculates the NES and national NPVs at all efficiency levels. This spreadsheet
includes a model that forecasts shipments for the various equipment classes of commercial
refrigeration equipment at different efficiency levels.

DOE reviewed the recommendations made on April 21, 1998, by the Advisory
Committee on Appliance Energy Efficiency Standards. (Advisory Committee, No. 96) These
recommendations related to: 1) using the full range of consumer marginal energy rates (CMERs)
in the LCC analysis (replacing the use of national average energy prices); 2) defining a range of
energy price futures for each fuel used in the economic analyses; and 3) defining a range of
primary energy conversion factors and associated emission reductions based on the generation of
energy and emissions that would be displaced by energy efficiency standards for each
rulemaking. DOE’s analysis implemented 2) and 3) above; however, as discussed previously,
DOE conducted the LCC analysis using regional average electricity prices for affected business
types and did not develop CMERs in the LCC analysis.




1.5 STRUCTURE OF THE DOCUMENT

Listed below are the 17 TSD chapters and related appendices that collectively form the

TSD.

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Introduction: provides an overview of the appliance standards program and how
it applies to the CRE rulemaking, provides a history of DOE’s actions to date,
and outlines the structure of this document.

Analytical Framework: describes the rulemaking process.

Market and Technology Assessment: provides DOE’s definition of commercial
refrigeration equipment, discusses the proposed equipment classes, and names
the major industry players. This chapter also provides an overview of
commercial refrigeration technology, including techniques employed to
improve equipment efficiency.

Screening Analysis: identifies all the design options that improve CRE
efficiency, and determines which of these will be evaluated and which will be
screened out.

Engineering Analysis: presents detailed cost and efficiency information for the
units of analysis. This chapter describes DOE’s approach for determining
manufacturer costs, including the markups used for converting material costs to
manufacturer sales prices.

Markups Analysis: presents the methodology used to determine the distribution
channel markups that are used to convert manufacturer selling prices into
customer purchase price of the equipment.

Energy Use Analysis: DOE used the energy consumption model in the
engineering analysis to estimate CRE energy use. DOE did not conduct a
separate energy use analysis for this rulemaking.

Life-Cycle Cost and Payback Period Analysis: presents the methodology used
to estimate the impact of potential new or amended standards on customers of
commercial refrigeration equipment by calculating LCC and PBP values at all
higher efficiency levels.

Shipments Analysis: presents the methodology used to estimate the historic and
future shipments of commercial refrigeration equipment. The estimated
shipments numbers are used as inputs to NIA and other downstream analyses.

National Impact Analysis: presents the methodology used to estimate national
impacts by calculating NES and NPV at all higher efficiency levels.
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Chapter 11

Chapter 12

Chapter 13

Chapter 14

Chapter 15

Chapter 16

Chapter 17

Appendix 5A

Appendix 6A

Appendix 8A

Appendix 8B

Appendix 8C

Appendix 8D:

Appendix 10A

Customer Subgroup Analysis: evaluates impacts on identifiable customer
subgroups that may be disproportionately disadvantaged by the proposed new or
amended standards.

Manufacturer Impact Analysis: assesses the impacts on CRE manufacturers of
any new or amended standards. In addition to financial impacts, a wide range of
quantitative and qualitative effects may occur following adoption of a standard
that may require changes to the manufacturing practices for this equipment.

Emissions Analysis: presents the assessment of the impacts of proposed CRE
standard levels on emissions of certain pollutants.

Monetization of Emissions Reductions Benefits: presents the methodology to
estimate monetary benefits likely to result from the reduced emissions of certain
pollutants.

Utility Impact Analysis: analyzes the effects of proposed new or amended CRE
standard levels on the electric utility industry.

Employment Impact Analysis: estimates national job creation or elimination
(indirect effects) resulting from possible amended standards due to reallocation
of the associated commercial expenditures for purchasing and operating
equipment.

Regulatory Impact Analysis: evaluates potential major alternatives to standards
to achieve customer product energy efficiency.

Engineering Data: contains full engineering specifications for all equipment
classes directly analyzed.

Data for Equipment Price Markups: presents detailed data used for markups
analysis.

User Instructions For Life-Cycle Cost Spreadsheet: Presents user instructions
for LCC spreadsheet.

Detailed Life-Cycle Cost and Payback Period Analysis Results: Presents
detailed results from the LCC analysis.

Uncertainty and Variability in Life-Cycle Cost Analysis: Presents brief
discussion on the uncertainty and variability analysis used in the LCC analysis.

Estimation of Potential Equipment Price Trend for Commercial Refrigeration
Equipment: Presents experiential learning analysis in the LCC analysis.

User Instructions for NIA Spreadsheet: Presents user instruction for the NIA
spreadsheet.



Appendix 10B

Appendix 10C

Appendix 10D

Appendix 10E

Appendix 12A

Appendix 14A

Appendix 14B

National Net Present Value Using Alternative Price Forecasts: Presents
experiential learning sensitivity analysis results.

Trial Standard Levels and Standards Equations: Presents the criteria for TSL
selection and the proposed standards equation at each TSL.

Full-Fuel-Cycle Multipliers: Presents the development of full-fuel-cycle
coefticients

RISC & OIRA Consolidated Information System (ROCIS) Tables: Presents the
ROCIS' tables.

Government Regulatory Impact Model (GRIM) Overview: Presents overview of
the model used in the MIA.

Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order
12866: Presents the SCC analysis.

Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order
12866: technical model update: Presents updated SCC analysis.

J Regulatory Information Service Center (RISC) and Office of Information and Regulatory Affairs (OIRA)
Combined Information System.
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CHAPTER 2. ANALYTICAL FRAMEWORK
2.1 INTRODUCTION

This chapter provides a description of the general analytical framework used by the U.S.
Department of Energy (DOE) in developing standards and assessing the impacts for commercial
refrigeration equipment. The description addresses the methodology, the analytical tools, and the
relationship between the various analyses conducted in the rulemaking. The objective of the
rulemaking process is to determine minimum efficiency standards for commercial refrigeration
equipment that are technologically feasible and economically justified. In this context, economic
justification includes consideration of the economic impact on manufacturers and consumers, the
national benefits, the impacts on utilities, and the impacts from any lessening of competition.

Figure 2.1.1 summarizes the analytical components of the standards-setting process. The
focus of this figure is the third column, identified as “Analysis.” The columns labeled “Key
Inputs” and “Key Outputs” indicate how the analyses fit into the rulemaking process, and how
the analyses relate to each other. Key outputs are analytical results that feed directly into the
standards-setting process. Dotted lines connecting analyses indicate types of information that
feed from one analysis to another. Key inputs are the types of data and information that the
analyses require. Some key inputs exist in public databases and DOE will also collect inputs
from stakeholders or others with special knowledge. Inputs developed by the project team for the
standards-setting process are presented and open for stakeholder review.

The analyses that DOE performed for the notice of proposed rulemaking (NOPR)
include:

e amarket and technology assessment to characterize the commercial refrigeration
equipment market and review techniques and approaches used to produce more
efficient commercial refrigeration equipment;

e ascreening analysis to identify design options that improve commercial refrigeration
equipment efficiency and to determine which should be evaluated and which should
be screened out;

e an engineering analysis to estimate the relationship between the manufacturing cost
of a commercial refrigeration unit and its performance;

e a markup analysis to convert manufacturer sales prices to customer purchase prices;

e an energy use analysis to estimate the energy consumption of the equipment (for this
NOPR, DOE used the energy consumption model from the engineering analysis and
did not conduct a separate energy use analysis);

e alife-cycle cost (LCC) and payback period (PBP) analysis to estimate the impact of
potential new or amended standards on customers of commercial refrigeration
equipment by calculating LCC and PBP values at all higher efficiency levels;

e ashipments analysis to estimate shipments of commercial refrigeration equipment
over the time period examined in the analysis;
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e anational impacts analysis to assess the aggregate impacts at the national level of net
present value (NPV) of total customer savings and national energy savings (NES);

e a customer subgroup LCC analysis to evaluate impacts on identifiable groups of
customers who may be disproportionately affected by new or amended standards;

e a manufacturer impact analysis (MIA) to estimate the financial impact of potential
amended standards on commercial refrigeration equipment manufacturers and to
calculate impacts on competition, employment at the manufacturing plant, and
manufacturing capacity;

e an emissions analysis to provide estimates of the effects of amended energy
conservation standards on emissions of carbon dioxide (CO,), sulfur dioxide (SO,),
nitrogen oxides (NOx), and mercury (Hg);

e a monetization of reduction of emission benefits from proposed standards;

e autility impact analysis to estimate the effects of proposed standards on the installed
capacity and generating base of electric utilities;

e an employment impact analysis to estimate the impacts of amended standards on net
jobs eliminated or created in the general economy as a consequence of increased
spending on the purchase price of commercial refrigeration equipment and reduced
customer spending on energy; and

e aregulatory impact analysis (RIA) to explore major alternatives to proposed
standards that could achieve comparable energy savings.

In response to comments it receives after publishing the NOPR, DOE may revise some of
its analyses before publishing the final rule.
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2.2 BACKGROUND

As described in chapter 1 of this technical support document (TSD), DOE announced a
formal effort to consider further improvements to the process used to develop appliance
efficiency standards. DOE called on energy efficiency groups, manufacturers, trade associations,
state agencies utilities, and other interested parties to provide input to this effort. As a result of
this combined effort, DOE published Procedures, Interpretations and Policies for Consideration
of New or Revised Energy Conservation Standards for Consumer Products (the “Process Rule”),
10 CFR part 430, subpart C, appendix A. The Process Rule outlined the procedural
improvements identified by the interested parties, and included a review of the (1) economic
models; (2) analytical tools; (3) methodologies; (4) non-regulatory approaches; and (5)
prioritization of future rules. The Process Rule recommended that DOE take into account
uncertainty and variability by carrying out scenario or probability analysis. The following
sections provide a general description of the analytical components of the improved rulemaking
framework.

DOE developed the analytical framework pertaining to commercial refrigeration
equipment in the Rulemaking Framework for Commercial Refrigeration Equipment
(April 30, 2010). DOE announced the availability of the Framework document in a notice of
public meeting and availability of a Framework document published in the Federal Register on
May 6, 2010. 75 FR at 24824.

DOE presented the analytical approach to interested parties during a public meeting held
on May 18, 2010." DOE used comments gathered during the Framework public meeting as well
as additional information for the preliminary analysis stage. DOE announced the notice of public
meeting and the availability of the preliminary TSD? on March 30, 2011. 76 FR at 17573.

The following sections provide a brief overview of the different analytical approaches of
this rulemaking analysis plan. DOE has used the most reliable data available at the time of each
analysis in this rulemaking. DOE has also considered the submissions of additional data from
interested parties during the rulemaking process.

23 MARKET AND TECHNOLOGY ASSESSMENT

The market and technology assessment characterizes the commercial refrigeration
equipment market and existing technology options for making a unit of commercial refrigeration
equipment more efficient.

2.3.1 Market Assessment

DOE reviewed relevant literature and interviewed manufacturers to develop an overall
picture of the commercial refrigeration equipment industry in the United States. Industry
publications and trade journals, government agencies, and trade organizations provided the bulk
of the information, including (1) manufacturers and their market shares; (2) shipments by
product type and capacity; (3) product information; and (4) industry trends.

When evaluating and establishing energy conservation standards, DOE generally divides
covered equipment into equipment classes by the type of energy used, capacity, or other
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performance-related features that affect efficiency. Different energy conservation standards may
apply to different equipment classes. (42 U.S.C. 6295(q))

When initiating a standards rulemaking, DOE develops information on the present and
past industry structure and market characteristics of the product(s) concerned. This activity
consists of both quantitative and qualitative efforts to assess the industry and products based on
publicly available information.

2.3.2 Technology Assessment

The function of the technology assessment is to develop a preliminary list of technologies
that could potentially be used to reduce the energy consumption of commercial refrigeration
equipment, as well as to highlight the developments within those technology categories and their
applicability to these equipment classes. The result is a list of technology options to be analyzed
in the screening analysis. Chapter 3 of the TSD includes a detailed list of all technology options
DOE identified for this rulemaking.

24 SCREENING ANALYSIS

The purpose of the screening analysis is to evaluate the technologies identified in the
technology assessment to determine which options to consider further in the analysis and which
options to screen out. DOE consulted with industry, technical experts, and other interested
parties in developing a list of energy-saving technologies for the technology assessment. DOE
then applied the screening criteria to determine which technologies were unsuitable for further
consideration in this rulemaking. Chapter 4 of the TSD, the screening analysis, contains details
about DOE’s screening criteria.

The screening analysis examines whether various technologies (1) are technologically
feasible; (2) are practicable to manufacture, install, and service; (3) have an adverse impact on
product utility or availability; and (4) have adverse impacts on health and safety. In consultation
with interested parties, DOE reviewed the list of commercial refrigeration equipment
technologies according to these criteria. In the engineering analysis, DOE further considers the
efficiency-enhancement technologies that it did not eliminate in the screening analysis.

2.5 ENGINEERING ANALYSIS

The engineering analysis (chapter 5 of the TSD) develops cost-efficiency relationships
for commercial refrigeration equipment, estimating manufacturer costs of achieving increased
efficiency levels. Manufacturing costs are used as the means of determining retail prices in the
LCC analysis, and are needed for the MIA. The engineering analysis also determines the
maximum technologically feasible energy efficiency level.

In general, the engineering analysis estimates the efficiency improvement potential of the
individual or combinations of design options that passed the four criteria in the screening
analysis. DOE, in consultation with stakeholders, uses the most appropriate method to determine
the manufacturing cost-energy efficiency relationship. This cost-efficiency relationship
developed in the engineering analysis is used in the LCC analysis.



As described in TSD chapter 1, DOE will consider those commercial refrigeration
equipment units that are designed to achieve the maximum improvement in energy efficiency
that the Secretary of Energy determines are technologically feasible and economically justified.
(42 U.S.C 6295(0)(2)(A)) Therefore, an important role of the engineering analysis is to identify
the maximum technologically feasible level. The maximum technologically feasible level is one
that is reached by the addition of efficiency improvements and/or design options, both
commercially feasible and in prototypes, to the baseline units. DOE believes that the design
options comprising the maximum technologically feasible level must have been physically
demonstrated in at least a prototype form to be considered technologically feasible.

DOE typically structures its engineering analysis around one of three methodologies:
(1) the design-option approach, which calculates the incremental costs of adding specific design
options to a baseline model; (2) the efficiency-level approach, which calculates the relative costs
of achieving increases in energy efficiency levels without regard to design options used to
achieve such increases; and/or (3) the reverse-engineering or cost-assessment approach, which
involves a “bottom-up” manufacturing cost assessment based on a detailed bill of materials
derived from tear-downs of the equipment being analyzed.

In the Framework document, DOE stated its intention to use a design-option approach for
the engineering analysis, as it was the methodology employed in the 2009 final rule analyses and
was found to be the approach most appropriate for the equipment and technologies on the market
because this equipment is designed and marketed based on the inclusion of specific features and
components, rather than being sold as possessing a certain, standardized efficiency rating. In a
design-option approach, analysis is performed in terms of incremental increases in efficiency due
to the implementation of selected design options. For each equipment class, the engineering
analysis estimates manufacturer production costs for each successive design option. Stakeholder
comments did not refute this choice of a design-option approach, and thus this approach was
employed in the preliminary analysis and NOPR engineering analysis. DOE also augmented this
approach with some reverse-engineering analysis to develop base manufacturing costs for
portions of the equipment analyzed.

2.5.1 Baseline Models

In order to analyze design options for energy efficiency improvements, DOE defined a
baseline model unit for each equipment class. DOE defined baseline models as units with the
most popular and cost-effective features that are currently available on the market. It should be
noted that this engineering baseline may, for some equipment classes, be comprised of less-
efficient equipment than mandated by past standards, specifically the Energy Policy Act of 2005
and 2009 DOE final rule standards. This is due to the fact that the rulemaking analyses were
conducted in advance of the compliance date of some of these standards. In its selection process,
DOE considered technical descriptions of the covered equipment, definitions of the equipment
classes as described in the previous rulemaking documents, results of the market assessment, and
suggestions from stakeholders.



2.5.2 Manufacturing Cost Analysis

There are several ways to develop the relationship between cost and performance. DOE
chose to use a design-option approach in this rulemaking. This approach identifies potential
technological paths manufacturers could use to achieve increased equipment energy efficiency.
To develop a base cost for the core case of the commercial refrigeration units, DOE purchased
units available on the market for specific equipment classes and dismantled them component-by-
component to develop a bill of materials and cost model for the core of the refrigerated case.
DOE then parameterized and expanded this information to apply to all equipment classes being
modeled. Then, in the engineering cost model, DOE added these core costs to the costs of the
energy-consuming components, developed using independent costing methods in conjunction
with manufacturer data. The result was a cost for an entire production unit at each of the
efficiency levels analyzed.

2.6 MARKUPS FOR EQUIPMENT PRICE DETERMINATION

DOE used the markup analysis to determine distribution channel markups that were used
to convert the manufacturer selling price (MSP) of the equipment into customer purchase price.
DOE identified three different major channels through which the customers purchase
commercial refrigeration equipment. DOE then determined the market shares of each distribution
channel. The markup values associated with each distribution channel were calculated from the
industry profit data. Sales tax is an additional markup in addition to the markups associated with
distribution channels. DOE calculated a weighted-average sales tax for the entire nation. Finally,
the overall markups were calculated by weighted-averaging the distribution channel markups and
adding the weighted-average sales tax. DOE calculated baseline markups that were applied to
baseline MSPs and incremental markups that were applied to MSP increments at higher
efficiency levels. See TSD chapter 6 for details on the markups analysis.

2.7 ENERGY USE ANALYSIS

Based on the energy use analysis conducted as part of the 2009 final rule analysis, DOE
concluded that the energy consumption model, which is part of the engineering analysis, was
sufficiently accurate to calculate the energy use of commercial refrigeration equipment.
Therefore, DOE did not conduct a separate energy use analysis as part of this rulemaking.

2.8 LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS

DOE carried out the LCC and PBP analysis to evaluate the economic impacts of possible
amended energy conservation standards developed for commercial refrigeration equipment on
individual commercial customers. The effect of standards on customers includes a change in
operating cost (usually decreased) and a change in purchase cost (usually increased). Two
metrics were used to determine the effect of standards on customers:

e Life-cycle cost. LCC is the total customer cost over the life of the equipment—the sum
of installed cost (purchase and installation costs) and operating costs (maintenance,
repair, and energy costs). Future operating costs are discounted to the time of
purchase and summed over the lifetime of equipment.
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e Payback period. PBP is the estimated amount of time it would take customers to
recover the assumed higher purchase price of more-efficient equipment through lower
operating costs.

An efficiency improvement to commercial refrigeration equipment that is financially
attractive to a customer will typically have a low incremental PBP and a low incremental change
in LCC associated with it.

As part of the engineering analysis (TSD chapter 5), design-option levels were ordered on
the basis of increasing efficiency (decreased energy consumption) and increasing MSP values.
The order was determined based on the cost-effectiveness of each design option; that is, the ratio
of incremental cost increase to incremental energy savings. For the LCC and PBP analysis, DOE
chose a maximum of eight levels, henceforth referred to as efficiency levels, from the list of
engineering design-option levels.

The first efficiency level or baseline efficiency level (Level 1) in each equipment class
represents the least efficient and the least expensive equipment in that equipment class. The
higher efficiency levels (Level 2 and up) have a progressive increase in efficiency and cost from
Level 1. The highest efficiency level in each equipment class corresponds to the maximum
technologically feasible (max-tech) level (see TSD chapter 5 for details). DOE treats each
efficiency level as a candidate standard level (CSL), as each efficiency level represents a
potential standard level. The words “efficiency level” and “CSL” can be used interchangeably.

The installed cost of equipment to a customer is the sum of the equipment purchase price
and installation costs. The purchase price includes manufacturer production cost, to which a
manufacturer markup and outbound freight costs are applied to obtain the MSP. This value is
calculated as part of the engineering analysis (TSD chapter 5). DOE then applies additional
markups to the equipment to account for the markups associated with the distribution channels
for this type of equipment (TSD chapter 6). Installation costs vary by state depending on the
prevailing labor rates.

Operating costs for commercial refrigeration equipment are a sum of maintenance costs,
repair costs, and energy costs. These costs are incurred over the life of the equipment and
therefore are discounted to the base year (2017, which is the compliance date of the amended
standards that will be established as part of this rulemaking). The sum of the installed cost and
the operating cost, discounted to reflect the present value, is termed the LCC.

Generally, customers incur higher installed costs when they purchase higher efficiency
equipment, and these cost increments will be offset partially or wholly by savings in the
operating costs over the lifetime of the equipment. Usually, the savings in operating costs are due
to savings in energy costs because higher efficiency equipment uses less energy over the lifetime
of the equipment. LCC savings are calculated for each CSL of each equipment class.

The PBP of a CSL is obtained by dividing the increase in the installed cost (from the
baseline efficiency level) by the decrease in annual operating cost (from the baseline efficiency
level). For this calculation, DOE uses the first year operating cost changes as the estimate of the
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decrease in operating cost, noting that some of the repair and replacement costs used herein are
annualized estimates of costs. PBP is calculated for each CSL of each equipment class.

Apart from MSP, installation costs, and maintenance and repair costs, other important
inputs for the LCC analysis are markups and sales tax, equipment energy consumption,
electricity prices and future price trends, equipment lifetime, and discount rates.

Many inputs for the LCC analysis are estimated from the best available data in the
market, and in some cases the inputs are generally accepted representative values within the
commercial refrigeration equipment industry. However, in most cases each input has a range of
values. For example, even though the average (and representative) lifetime of commercial
refrigeration units in certain equipment classes may be 10 years, in general, equipment lifetimes
of a typical refrigerator belonging to that equipment class may vary from 5 years to 15 years.
While calculations based on the representative values yield average or representative values for
the outputs (such as LCC or PBP), such values do not give an estimate of the ranges of values
that these outputs could lie in. Therefore, DOE performed the LCC analysis in the form of Monte
Carlo simulations in which certain inputs are provided a range of values and probability
distributions. The results of the LCC analysis are presented in the form of mean and median LCC
savings; percentages of customers experiencing net savings, net cost, and no impact in LCC; and
median PBP. For each equipment class, 10,000 Monte Carlo simulations were carried out. The
simulations were conducted using Microsoft Excel and Crystal Ball, a commercially available
Excel add-in for carrying out Monte Carlo simulations.

Usually, the equipment available in the market will have a distribution of efficiencies,
that is, each CSL within an equipment class will have a corresponding market share associated
with it. Usually, within an equipment class, the market share of the baseline efficiency level is
the highest and the market share values decrease with an increase in CSL. LCC savings and PBP
are calculated by comparing the installed costs and LCC values of the standards-case scenarios
against those of the base-case scenario. The base-case scenario is the scenario in which
equipment is assumed to be purchased by customers in the absence of the proposed amended
energy conservation standards. Standards-case scenarios are scenarios in which equipment is
assumed to be purchased by customers after the amended energy conservation standards go into
effect. The number of standards-case scenarios for an equipment class is equal to one less than
the total number of efficiency levels in that equipment class because each CSL above the
baseline efficiency level represents a potential new standard. For the standards-case scenario at a
particular CSL, the market share of the efficiency levels were obtained using a roll-up scenario,
in which market shares of the efficiency levels (in the base-case scenario) below the
corresponding CSL were rolled-up into the CSL. For the base-case scenario in the LCC analysis,
DOE calculated the market shares of the efficiency levels using a method described in TSD
chapter 10.

Recognizing that each commercial building that uses the commercial refrigeration
equipment is unique, DOE analyzed the LCC and PBP calculations for seven types of
businesses: (1) supermarkets; (2) wholesaler/retailer multi-line stores, such as “big-box stores,”
“warehouses,” and “supercenters”; (3) convenience and small specialty stores, such as meat
markets, wine, beer, and liquor stores; (4) convenience stores associated with gasoline stations;
(5) full-service restaurants; (6) limited service restaurants; and (7) other foodservice businesses,
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such as caterers and cafeterias. Different types of businesses face different energy prices and also
exhibit differing discount rates that they apply to purchase decisions.

Equipment lifetime is another input that does not justify usage of a single value for each
equipment class. Therefore, DOE assumes a distribution of equipment lifetimes that are defined
by Weibull survival functions.

Another important factor influencing the LCC analysis is the state (location) in which the
commercial refrigeration equipment is installed. Inputs that vary based on this factor include
energy prices, installation costs, contractor markups, and sales tax. At the national level, the
spreadsheets explicitly modeled variability in the model inputs for electricity price and markups
using probability distributions based on the relative shipments of units to different states and
business types.

2.9 SHIPMENTS ANALYSIS

Commercial refrigeration equipment shipment numbers are key inputs to the NES
analysis, NPV calculations, and the MIA. Shipments analysis is used to estimate future
commercial refrigeration equipment shipments over the national impact analysis period.

DOE calculated the historical shipments of commercial refrigeration equipment for the
year 2009 based various shipments data sources. DOE then used the A4nnual Energy Outlook’
2013 (AEO2013) forecasts of commercial floor space additions, equipment lifetimes, and
estimates of existing equipment stock to calculate the future shipments.

TSD chapter 9 presents the mathematical formulation of the shipment analysis model and
the methodology used to estimate historical and future shipments of commercial refrigeration
equipment.

2.10 NATIONAL IMPACT ANALYSIS

NES and NPV impacts are the cumulative energy and economic effects of an amended
commercial refrigeration equipment energy conservation standard (TSD chapter 10). DOE
projected the impacts from the year the standard would take effect through a selected number of
years in the future. DOE analyzed energy savings, energy cost savings, equipment costs, and
NPV of savings (or costs) for each CSL. The national energy and cost savings (or increases) that
would result from amended energy conservation standards depend on the projected energy
savings per unit and the anticipated amount of equipment sold. DOE created base-case shipment
projections that include units at various efficiency levels. It based the projections on historical
information plus forecasts of market influences, national economic growth, and electricity
consumption. DOE then derived energy savings for various CSLs from the cost-efficiency
schedules.

To make the analysis more accessible and transparent to all stakeholders, DOE used an
Excel spreadsheet model to calculate the NES and the NPV (i.e., national economic costs and
savings from new standards). Users can change input quantities within the spreadsheet to test the
impact of alternative input assumptions. Unlike the LCC analysis, the NES spreadsheet does not
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use distributions for inputs or outputs. Users can demonstrate sensitivities by running different
scenarios using the spreadsheet.

As discussed in TSD chapter 10, the national impact analysis assesses the NPV of total
consumer LCC and NES. DOE conducted an assessment of the aggregate impacts at the national
level for the NOPR. Analyzing impacts of Federal energy conservation standards requires a
comparison of projected U.S. energy consumption with and without amended standards. The
base case, which is the projected U.S. energy consumption without standard, includes the mix of
efficiencies being sold at the time the standard becomes effective.

DOE estimated national energy consumption for each year beginning with the expected
effective date of the standard. DOE calculated national annual energy savings as the difference
between two projections: a base case and a standards case.

DOE has historically presented NES in terms of primary energy savings. DOE has begun to
also estimate full-fuel-cycle energy savings. 76 FR 51282 (August 18, 2011), as amended at 77 FR
49701 (August 17, 2012). The full-fuel-cycle (FFC) metric includes the energy consumed in
extracting, processing, and transporting primary fuels, and thus presents a more complete picture of
the impacts of energy efficiency standards. DOE’s approach is based on the calculation of an FFC
multiplier for each of the energy types used by covered equipment.

While DOE stated in that notice that it intended to use the Greenhouse Gases, Regulated
Emissions, and Energy Use in Transportation (GREET) model to conduct the analysis, it also said it
would review alternative methods, including the use of the DOE/Energy Information Administration
(EIA)’s National Energy Modeling System (NEMS).* NEMS is a public domain, multi-sectored,
partial equilibrium model of the U.S. energy sector. Each year, DOE/EIA uses NEMS to produce the
Annual Energy Outlook (AEO). After evaluating both models and the approaches discussed in the
August 18, 2011 notice, DOE has determined NEMS is a more appropriate tool for this application.
77 FR 49701 (Aug. 17, 2012). Therefore, DOE is using the NEMS model to conduct FFC analyses.
For the NOPR analysis, DOE calculated FFC energy savings using a methodology described in
appendix 10D. Chapter 10 of this TSD presents both the primary NES and the FFC energy savings
for the considered trial standard levels (TSLs).

2.11 CUSTOMER SUBGROUP ANALYSIS

The customer subgroup analysis evaluates impacts on identifiable groups of customers of
commercial refrigeration equipment who may be disproportionately disadvantaged by amended
energy conservation standards. The LCC and PBP analysis described in chapter 8 of this TSD is
applied to seven major types of businesses belonging to the food-retail and foodservice sectors
that use a majority of the commercial refrigeration equipment. Although the inputs for different
types of businesses are different in the LCC and PBP analysis, the final results may not reflect
the results experienced by certain customer subgroups. In other words, some of the adverse
impacts on businesses that are disproportionately disadvantaged may be masked by the averaging
effect of the LCC and PBP analysis. Therefore, DOE carried out the customer subgroup analysis

? For more information on NEMS, refer to DOE EIA documentation. A useful summary is National Energy
Modeling System: An Overview 2003, DOE/EIA-0581(2003), March 2003.
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by using the LCC and PBP analysis spreadsheet, but applying the inputs that are applicable only
to the identified subgroups.

In general, the subgroups that face higher cost of capital and lower electricity price rates
are more disadvantaged than others. Higher cost of capital imposes burden on the businesses
because they have to borrow additional capital to purchase equipment that meets new or
amended standards, compared to the case of where there are no new or amended standards.
Lower electricity price rates result in lower savings in energy costs and, consequently, lower
LCC savings and higher PBPs.

DOE carried out two customer subgroup analyses, one each for full-service restaurants
and gasoline stations with convenience stores, by using the LCC spreadsheet described in TSD
chapter 8, but with certain modifications. The input for business type was fixed to the identified
subgroup, which ensured that the discount rates and electricity price rates associated with only
that subgroup were selected in the Monte Carlo simulations (see TSD chapter 8). Additionally, a
small business premium was added to the discount rate to reflect the higher discount rates faced
by small businesses. Another major change from the LCC analysis was an added assumption that
the subgroups do not have access to national accounts, which results in higher distribution
channel markups for the subgroups, leading to higher equipment purchase prices. Apart from
these changes, all other inputs for the customer subgroup analysis are same as those in the LCC
analysis described in TSD chapter 8.

2.12 MANUFACTURER IMPACT ANALYSIS

The MIA assesses the impacts of new energy conservation standards on manufacturers of
the considered equipment. Potential impacts include financial effects, both quantitative and
qualitative, that might lead to changes in the manufacturing practices for this equipment. DOE
identified these potential impacts through interviews with manufacturers and other interested
parties.

DOE conducted the MIA in three phases, and further tailored the analytical framework
based on interested parties’ comments. In Phase I, an industry profile was created to characterize
the industry, and a preliminary MIA was conducted to identify important issues that required
consideration. In Phase II, an industry cash flow model and an interview questionnaire were
prepared to guide subsequent discussions. In Phase III, manufacturers were interviewed, and the
impacts of standards were assessed both quantitatively and qualitatively. Industry and subgroup
cash flow and NPV were assessed through use of the Government Regulatory Impact Model
(GRIM). Then impacts on competition, manufacturing capacity, employment, and cumulative
regulatory burden were assessed based on manufacturer interview feedback and discussions.
DOE discusses its findings from the MIA in chapter 12 of the TSD.

2.13 EMISSIONS ANALYSIS

In the emissions analysis, DOE estimated the reduction in power sector emissions of
carbon dioxide (CO,), nitrogen oxides (NOy), sulfur dioxide (SO,) and mercury (Hg) from
potential energy conservation standards for commercial refrigeration equipment. In addition,
DOE estimated emissions impacts in production activities (extracting, processing, and
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transporting fuels) that provide the energy inputs to power plants. These are referred to as
“upstream” emissions. Together, these emissions account for the FFC. In accordance with
DOE’s FFC Statement of Policy (76 FR 51282 (Aug. 18, 2011)), as amended at 77 FR 49701
(August 17, 2012), the FFC analysis includes impacts on emissions of methane (CH4) and
nitrous oxide (N20), both of which are recognized as greenhouse gases.

DOE conducted the emissions analysis using emissions factors derived from data in the
latest version of EIA’s AEO2013, supplemented by data from other sources. DOE developed
separate emissions factors for power sector emissions and upstream emissions. The method that
DOE used to derive emissions factors is described in chapter 13 of the NOPR TSD.

EIA prepares the AEO using the NEMS. Each annual version of NEMS incorporates the
projected impacts of existing air quality regulations on emissions. AEO2013 generally represents
current legislation and environmental regulations, including recent government actions, for
which implementing regulations were available as of December 31, 2012.

SO2 emissions from affected electric generating units (EGUs) are subject to nationwide
and regional emissions cap and trading programs. Title IV of the Clean Air Act sets an annual
emissions cap on SO2 for affected EGUs in the 48 contiguous States and the District of
Columbia (D.C.). SO2 emissions from 28 eastern States and D.C. were also limited under the
Clean Air Interstate Rule (CAIR), which created an allowance-based trading program that
operates along with the Title IV program in those States and D.C. 70 FR 25162 (May 12, 2005).
CAIR was remanded to the U.S. Environmental Protection Agency (EPA) by the U.S. Court of
Appeals for the District of Columbia Circuit (D.C. Circuit), but it remained in effect. See North
Carolina v. EPA, 550 F.3d 1176 (D.C. Cir. 2008); North Carolina v. EPA, 531 F.3d 896 (D.C.
Cir. 2008). On July 6, 2011, EPA issued a replacement for CAIR, the Cross-State Air Pollution
Rule (CSAPR; also known as the Transport Rule). 76 FR 48208 (August 8, 2011). On August
21, 2012, the D.C. Circuit issued a decision to vacate CSAPR. See EME Homer City
Generation, LP v. EPA, 696 F.3d 7, 38 (D.C. Cir. 2012). The court ordered EPA to continue
administering CAIR. The AEO2013 emissions factors used for today’s NOPR assume that CAIR
remains a binding regulation through 2040.

The attainment of emissions caps is typically flexible among EGUs and is enforced
through the use of emissions allowances and tradable permits. Under existing EPA regulations,
any excess SO2 emissions allowances resulting from the lower electricity demand caused by the
adoption of an efficiency standard could be used to permit offsetting increases in SO2 emissions
by any regulated EGU. In past rulemakings, DOE recognized that there was uncertainty about
the effects of efficiency standards on SO2 emissions covered by the existing cap-and-trade
system, but it concluded that no reductions in power sector emissions would occur for SO2 as a
result of standards.

Beginning in 2015, however, SO2 emissions will fall as a result of the Mercury and Air
Toxics Standards (MATS) for power plants, which were announced by EPA on December 21,
2011. 77 FR 9304 (Feb. 16, 2012). In the final MATS rule, EPA established a standard for HCI1
as a surrogate for acid gas hazardous air pollutants (HAP), and also established a standard for
SO2 (a non-HAP acid gas) as an alternative equivalent surrogate standard for acid gas HAP. The
same controls are used to reduce HAP and non-HAP acid gas; thus, SO2 emissions will be
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reduced as a result of the control technologies installed on coal-fired power plants to comply
with the MATS requirements for acid gas. AEO2013 assumes that, in order to continue
operating, coal plants must have either flue gas desulfurization or dry sorbent injection systems
installed by 2015. Both technologies, which are used to reduce acid gas emissions, also reduce
SO2 emissions. Under the MATS, NEMS shows a reduction in SO2 emissions when electricity
demand decreases (e.g., as a result of energy efficiency standards). Emissions will be far below
the cap established by CAIR, so it is unlikely that excess SO2 emissions allowances resulting
from the lower electricity demand would be needed or used to permit offsetting increases in SO2
emissions by any regulated EGU. Therefore, DOE believes that efficiency standards will reduce
SO2 emissions in 2015 and beyond.

CAIR established a cap on NOx emissions in eastern States and the District of Columbia.
Energy conservation standards are expected to have little or no physical effect on these emissions
in those States covered by CAIR because excess NOx emissions allowances resulting from the
lower electricity demand could be used to permit offsetting increases in NOx emissions.
However, standards would be expected to reduce NOx emissions in the States not affected by
caps, so DOE estimated NOx emissions reductions from the standards considered in today’s
NOPR for these States.

The MATS limit mercury emissions from power plants, but they do not include emissions
caps and, as such, DOE’s energy conservation standards would likely reduce Hg emissions. DOE
will estimate mercury emissions reduction using emissions factors based on AEO2013, which
incorporates the MATS.

2.14 MONETIZATION OF EMISSIONS REDUCTIONS BENEFITS

DOE considered the estimated monetary benefits likely to result from the reduced
emissions of CO, and NOy that are expected to result from each of the standard levels
considered.

To estimate the monetary value of benefits resulting from reduced emissions of CO,,
DOE used the most current Social Cost of Carbon (SCC) values developed and/or agreed to by
an interagency process. The SCC is intended to be a monetary measure of the incremental
damage resulting from greenhouse gas (GHG) emissions, including, but not limited to, net
agricultural productivity loss, human health effects, property damage from sea level rise, and
changes in ecosystem services. Any effort to quantify and to monetize the harms associated with
climate change will raise serious questions of science, economics, and ethics. But with full
regard for the limits of both quantification and monetization, the SCC can be used to provide
estimates of the social benefits of reductions in GHG emissions.

The Interagency Working Group on SCC released an update of its previous report in
2013.° The most recent estimates of the SCC in 2015, expressed in 20128, are $12.9, $40.8,
$62.2, and $117 per metric ton of CO;, avoided. For emissions reductions that occur in later
years, these values grow in real terms over time. Additionally, the interagency group determined

® Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.
Interagency Working Group on Social Cost of Carbon, United States Government, May 2013.
http://www.whitehouse.gov/sites/default/files/omb/inforeg/social cost of carbon_for ria 2013 update.pdf
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that a range of values from 7 percent to 23 percent should be used to adjust the global SCC to
calculate domestic effects, although DOE gives preference to consideration of the global benefits
of reducing CO; emissions.

DOE multiplies the CO, emissions reduction estimated for each year by the SCC value
for that year in each of the four cases. To calculate a present value of the stream of monetary
values, DOE discounts the values in each of the four cases using the discount rates that had been
used to obtain the SCC values in each case.

DOE recognizes that scientific and economic knowledge continues to evolve rapidly as to
the contribution of CO, and other GHG to changes in the future global climate and the potential
resulting damages to the world economy. Thus, these values are subject to change.

DOE also estimates the potential monetary benefit of reduced NOy emissions resulting
from the standard levels it considers. For NOy emissions, estimates suggest a very wide range of
monetary values, ranging from 468 to $4,809 per ton in 20128$).¢ In accordance with OMB
guidance, ¢ DOE calculates a range of monetary benefits using each of the economic values for
NOx and real discount rates of 3 percent and 7 percent.

DOE is evaluating appropriate valuation of avoided SO, and Hg emissions. Whether
monetization of reduced Hg emissions will occur in this rulemaking is yet to be determined.

2.15 UTILITY IMPACT ANALYSIS

DOE analyzed specific effects of its proposed standard levels on the electric utility
industry as part of the NOPR analyses, using a variant of the DOE EIA NEMS. The version of
NEMS used for appliance standards analysis is called NEMS-Building Technologies (NEMS-
BT) and is based on the AE02013 Reference Case with minor modifications.

The utility impact analysis reports the changes in installed capacity and generation, by
fuel type, that result from the adoption of new efficiency standards at each TSL, as well as
changes in electricity consumption.

216 EMPLOYMENT IMPACT ANALYSIS

The imposition of standards can affect employment both directly and indirectly. Direct
employment impacts are changes in the number of employees at the factories that produce the
covered equipment, along with the affiliated distribution and service companies, resulting from
the imposition of new standards. DOE evaluates direct employment impacts in the MIA. Indirect

¢ For additional information, refer to U.S. Office of Management and Budget, Office of Information and Regulatory
Affairs, 2006 Report to Congress on the Costs and Benefits of Federal Regulations and Unfunded Mandates on
State, Local, and Tribal Entities, Washington, DC.

d OMB, Circular A-4: Regulatory Analysis (Sept. 17, 2003).

° EIA approves use of the name NEMS to describe only an official version of the model without any modification to
code or data. Because this analysis entails some minor code modifications and the model is run under various policy
scenarios that are variations on EIA assumptions, DOE refers to it by the name NEMS-BT (BT is DOE’s Building
Technologies Program, under whose aegis this work has been performed). NEMS-BT was previously called NEMS-
BRS.

2-15



employment impacts may result from expenditures shifting between goods (the substitution
effect) and changes in income and overall expenditure levels (the income effect) that occur due
to the imposition of standards. The combined direct and indirect employment effects are
investigated in the employment impact analysis using the Pacific Northwest National
Laboratory’s “Impact of Sector Energy Technologies” (ImSET) model. The InSET model was
developed for DOE’s Office of Planning, Budget, and Analysis, and estimates the employment
and income effects of energy-saving technologies in buildings, industry, and transportation. In
comparison with simple economic multiplier approaches, ImnSET allows for more complete and
automated analysis of the economic impacts of energy conservation investments.

2.17 REGULATORY IMPACT ANALYSIS

In the NOPR stage, DOE prepared an RIA pursuant to Executive Order 12866,
Regulatory Planning and Review, 58 FR 51735 (Oct. 4, 1993), which is subject to review under
the Executive Order by the Office of Information and Regulatory Affairs at the Office of
Management and Budget. The RIA addressed the potential for non-regulatory approaches to
supplant or augment energy conservation standards to improve the energy efficiency or reduce
the energy consumption of the commercial refrigeration equipment covered under this
rulemaking.

2.18 DEPARTMENT OF JUSTICE REVIEW

Section 325(0)(2)(B)(1)(V) of the Energy Policy and Conservation Act states that before
the Secretary of Energy may prescribe a new or amended energy conservation standard, the
Secretary shall ask the Attorney General to make a determination of “the impact of any lessening
of competition...that is likely to result from the imposition of the standard.” (42 U.S.C. 6295)
Pursuant to this requirement, DOE will solicit the views of the Department of Justice (DOJ) on
any lessening of competition that is likely to result from the imposition of a proposed standard
and will give the views provided full consideration in assessing the economic justification of a
proposed standard. DOE may consult with DOJ at earlier stages in the standards development
process to seek to obtain preliminary views on competitive impacts.
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CHAPTER 3. MARKET AND TECHNOLOGY ASSESSMENT
3.1 INTRODUCTION

This chapter details the market and technology assessment that the U.S. Department of
Energy (DOE) has conducted in support of the ongoing energy conservation standards
rulemaking for commercial refrigeration equipment, including self-contained and remote
condensing commercial refrigerators, freezers, refrigerator-freezers, and ice-cream freezers; and
self-contained commercial refrigerators with transparent doors designed for pull-down
temperature applications.

The purpose of the market assessment is to develop a qualitative and quantitative
characterization of the commercial refrigeration equipment industry and market structure based
on publicly available information and information submitted by manufacturers and other
stakeholders. Manufacturer characteristics and market shares, existing regulatory and non-
regulatory efficiency improvement initiatives, equipment classes, and trends in markets and
equipment characteristics are addressed. The purpose of the technology assessment is to develop
a preliminary list of technologies that could improve the efficiency of commercial refrigeration
equipment.

Commercial refrigeration equipment is primarily used in the food retail industry (e.g.,
supermarkets, grocery stores, and convenience stores) and in the foodservice industry (e.g.,
restaurants and cafeterias) to store, display, and merchandize perishable food products.

Definitions

Section 136(a)(3) of the Energy Policy Act of 2005 (EPACT 2005) amended section 340
of the Energy Policy and Conservation Act (EPCA), in part by adding subsection 340(9) (42
U.S.C 6311(9)) with definitions for the following terms that describe commercial refrigeration
equipment:

(9)(A) The term “commercial refrigerator, freezer, and refrigerator-freezer”
means refrigeration equipment that—

(i) is not a consumer product (as defined in section 321);

(i) is not designed and marketed exclusively for medical, scientific, or research
purposes;

(iii) operates at a chilled, frozen, combination chilled and frozen, or variable
temperature;

(iv) displays or stores merchandise and other perishable materials horizontally,
semivertically, or vertically;

(v) has transparent or solid doors, sliding or hinged doors, a combination of
hinged, sliding, transparent, or solid doors, or no doors;
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(vi) is designed for pull-down temperature applications or holding temperature
applications; and

(vii) is connected to a self-contained condensing unit or to a remote condensing
unit.

(B) The term “holding temperature application” means a use of commercial
refrigeration equipment other than a pull-down temperature application, except a
blast chiller or freezer.

* * *

(D) The term “pull-down temperature application” means a commercial
refrigerator with doors that, when fully loaded with 12 ounce beverage cans at 90
degrees F, can cool those beverages to an average stable temperature of 38
degrees F in 12 hours or less.

(E) The term “remote condensing unit” means a factory-made assembly of
refrigerating components designed to compress and liquefy a specific refrigerant
that is remotely located from the refrigerated equipment and consists of one or
more refrigerant compressors, refrigerant condensers, condenser fans and motors,
and factory supplied accessories.

(F) The term “self-contained condensing unit” means a factory-made assembly of
refrigerating components designed to compress and liquefy a specific refrigerant
that is an integral part of the refrigerated equipment and consists of one or more
refrigerant compressors, refrigerant condensers, condenser fans and motors, and
factory supplied accessories.

(42 U.S.C. 6311(9))

EPACT 2005 does not explicitly define the terms “self-contained commercial
refrigerator, freezer, or refrigerator-freezer” or “remote condensing commercial refrigerator,
freezer, or refrigerator-freezer.” DOE interpreted these two terms to mean “commercial
refrigerator, freezer, or refrigerator-freezer that is connected to a self-contained condensing unit”
and “commercial refrigerator, freezer, or refrigerator-freezer that is connected to a remote
condensing unit,” respectively.

Accordingly, the four categories of equipment covered under this rulemaking are as
follows.

1. Self-contained refrigerators, freezers, and refrigerator-freezers: EPCA defines a
“self-contained condensing unit,” in part, as “an integral part of the refrigerated
equipment.” (42 U.S.C. 6311(9)(F)) Under the definitions quoted above, a self-
contained commercial refrigerator, freezer, or refrigerator-freezer is a category of
commercial refrigeration equipment in which the refrigerated cabinet and the
condensing unit are integrated into one unit. Self-contained commercial refrigeration
equipment is primarily used for storing, displaying, and/or merchandising food
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products in small to medium-sized grocery and other food retail stores, restaurants
and hotels, and in cafeteria-style foodservice venues. EPACT 2005 prescribed energy
conservation standards for self-contained commercial refrigerators, freezers, and
refrigerator-freezers with doors. For self-contained commercial refrigerators, freezers,
and refrigerator-freezers without doors, DOE established energy conservation
standards in DOE’s 2009 commercial refrigeration equipment final rule. 74 FR 1092
(Jan. 9, 2009).

Remote condensing commercial refrigerators, freezers, and refrigerator-
freezers: Under the definitions presented above, a remote condensing refrigerator,
freezer, or refrigerator-freezer is a type of commercial refrigeration equipment that is
connected to a remote condensing unit. Remote condensing commercial refrigeration
equipment is generally used to display and merchandise food products in large retail
installations like supermarkets and grocery stores. EPCA defines a “remote
condensing unit,” in part, as being “remotely-located from the refrigerated
equipment.” (42 U.S.C. 6311(9)(F)) DOE concluded during the 2009 rulemaking that
the difference in language from the definition of “self-contained condensing unit”
described above means that a remote condensing unit is not a part of the refrigerated
equipment. 74 FR at 1104-1105 (Jan. 9, 2009). Therefore, in the 2009 final rule DOE
adopted energy conservation standards for remote condensing commercial
refrigerators, freezers, and refrigerator-freezers that apply to the refrigerated
equipment, but not the remote condensing units.

Self-contained commercial refrigerators designed for pull-down temperature
applications: EPCA defines “pull-down temperature application” to mean “a
commercial refrigerator with doors that, when fully loaded with 12 ounce beverage
cans at 90 degrees F, can cool those beverages to an average stable temperature of 38
degrees F in 12 hours or less.” (42 U.S.C. 6311(9)(D)) Units fitting this description
are typically known as beverage merchandisers or beverage coolers because of their
use in displaying individually packaged beverages for sale. Even though this
equipment has a similar configuration to self-contained refrigerators with transparent
doors, EPCA prescribed separate standards for pull-down refrigerators with
transparent doors. (42 U.S.C. 6313(c)(3)) Correspondingly, DOE intends to keep this
equipment as a separate class in this rulemaking. Additionally, DOE notes that EPCA
does not currently contain a standard for self-contained commercial refrigerators for
pull-down temperature applications with solid doors or for equipment operating at
other temperatures.

Commercial ice-cream freezers: On December 8, 2006, DOE published a final rule
in which it adopted test procedures for commercial refrigeration equipment. In this
final rule, DOE adopted the following definition for “ice-cream freezer”: “a
commercial freezer that is designed to operate at or below -5 °F (-21 °C) and that the
manufacturer designs, markets, or intends for the storing, displaying, or dispensing of
ice cream.” 10 CFR 431.62, 71 FR at 71340, 71369. In addition, this final rule
prescribed a rating temperature of -15°F for ice-cream freezers. 10 CFR 431.64, 71
FR at 71370 (Dec. 8, 2006). Under this definition, unless equipment is designed,
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marketed, or intended specifically for the storage, display, or dispensing of ice cream,
it would not be considered an “ice-cream freezer.” Multi-purpose commercial
freezers, manufactured for storage and display, for example, of frozen foods as well
as ice cream would not meet this definition, and DOE would not treat them as
commercial ice-cream freezers in this rulemaking. This is in accordance with the
comments DOE received during the 2009 rulemaking that indicated that DOE should
not classify such freezers as ice-cream freezers. 74 FR at 1103 (Jan. 9, 2009). On the
other hand, any commercial freezer that is specifically manufactured for storing,
displaying, or dispensing ice cream, and that is designed so that in normal operation it
can operate at or below -5 °F (-21 °C), would meet the definition. This includes
equipment that some interested parties referred to as true ice-cream cabinets—
freezers that are designed to operate considerably below -5 °F (sometimes referred to
as “hardening” cabinets) and are specifically designed for ice cream storage, for
example—as well as those ice-cream dipping cabinets that are designed to operate
below -5 °F.

3.2 MARKET ASSESSMENT

The following market assessment identifies the manufacturer trade association, domestic
manufacturers of commercial refrigeration equipment, manufacturer market share, regulatory
programs, and non-regulatory initiatives; defines equipment classes; provides historical shipment
data, shipment projections, and equipment lifetime estimates; and summarizes market
performance data.

3.21 Trade Association

The Air-Conditioning, Heating, and Refrigeration Institute (AHRI, formerly the Air-
Conditioning and Refrigeration Institute, or ARI, before merging with the Gas Appliance
Manufacturers Association, or GAMA, to form AHRI) is the most prominent trade association
for commercial refrigeration equipment manufacturers. On January 12, 2005, ARI developed an
agreement with member manufacturers to establish the Commercial Refrigerator Manufacturers
Division (CRMD) within ARI and to develop and implement a certification program for
commercial refrigerators, commercial freezers, and commercial refrigerator-freezers.

The CRMD was originally a separate trade organization founded in 1933. It serves
supermarkets, food stores, convenience stores, restaurants, hotels, motels, food processing
establishments, and hospitals. The technical activities of CRMD include:

e harmonization of international equipment standards;

e development of industry performance standards for commercial refrigeration
equipment;

e updating of industry guidelines for retail store fixture installation, design, energy
conservation, electronic case controls, and specifications for equipment installation;

e communicating with refrigerant suppliers and government agencies about
environmentally acceptable refrigerants; and

e providing input to government agencies concerning regulations affecting the industry.
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3.2.2 Manufacturers and Market Share

Current AHRI CRMD members are listed below; parent companies are shown in
parentheses if applicable.!

e Continental e Hussmann (Ingersoll e Southern Store
Refrigerator Rand) Fixtures

e CSC Worldwide ¢ Killion Industries e Structural Concepts
(formerly Columbus Corp.
Showcase)

e Hill Phoenix (Dover e Kysor/Warren (Enodis) e Zero Zone
Corp.)

e Hoshizaki America, e Master-Bilt Products
Inc. (Standex)

Other commercial refrigeration equipment manufacturers are listed below; parent
companies are shown in parentheses if applicable.

e Amtekco e Howard/McCray e Tor Rey Refrigeration
e Arctic Air e Kelvinator (Electrolux) e Traulsen
e Arctic Star e McCall Refrigeration e True Manufacturing
(Manitowoc Food
Service)*
e Arneg USA ¢ Northland Refrigeration e Turbo Air
e Beverage-Air* e Regal-Pinnacle e Victory Refrigeration
e Custom Deli e Royal Store Fixtures e Vogel
(Parisi)
e Custom Fabricators e Spartan Showcase
e Delfield (Manitowoc e Silver King

Food Service)*

*Current AHRI member

According to Appliance Magazine, which most recently published market share data for
refrigerated display cases in 2005, four companies represented approximately 85 percent of the
U.S. refrigerated display case market, with about 185,000 units shipped in 2004.2 However,
Appliance Magazine provides no precise definition of a refrigerated display case and it is
therefore unclear what specific types of equipment the data covers—whether it is equipment that
is self-contained or remote condensing, or equipment with doors or without doors.

As of 2004, Hussmann Corporation, a division of Ingersoll Rand, was the largest

domestic manufacturer of refrigerated display cases according to the Appliance Magazine data,
holding approximately 48 percent of the U.S. market (Figure 3.2.1).
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Source: Appliance Magazine, “28™ Annual Portrait of the U.S. Appliance Industry,” September 2005.
Figure 3.2.1 Domestic Refrigerated Display Case Market Shares as of 2005

Manufacturers in the “Other” category (in Figure 3.2.1) are listed below; parent
companies are listed in parenthesis if applicable.

e Arneg USA e Master-Bilt Products e Structural
(Standex) Concepts Corp.

e CSC Worldwide e Regal-Pinnacle e True

Manufacturing
e Federal Industries e Royal Store Fixture (Parisi) e Turbo Air
(Standex)
e Howard/McCray e Southern Store Fixtures e Zero Zone
e Killion Industries e Spartan Showcase

The landscape of the commercial refrigeration equipment market has changed since this
data was collected in 2005. For example, Tyler Refrigeration no longer exists independently, and
consolidation has occurred with large-market share companies having made acquisitions in the
time since this data was collected. DOE has additional information regarding the commercial
refrigeration equipment market share by company, but since that data was obtained from
purchased reports that are not publicly available, DOE is not presenting that information in this
technical support document (TSD).

Appliance Magazine also publishes data regarding market share for “commercial
refrigerators.” As is the case with refrigerated display cases, Appliance Magazine does not
provide a precise definition of what a commercial refrigerator is. It is therefore unclear what
specific types of equipment that data covers—whether it is equipment that is self-contained or
remote condensing, or equipment with doors or without doors.

According to Appliance Magazine, which most recently published new data on the
market share of commercial refrigerators in September 2009, seven companies comprised 78
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percent of the U.S. commercial refrigerator market as of 2008. Of these, True Manufacturing
represented the largest market share, with 41 percent. The additional six named companies
comprised 37 percent of the market, and other manufacturers comprised the remaining 22
percent of the market (Figure 3.2.2).

Other
22%
True
41%
Northland
1%
Continental
4%
Delfield i
7%
\
Beverage
Air Traulsen
6% VICtOI’y 9%

10%
Source: Appliance Magazine, “32" Annual Portrait of the U.S. Appliance Industry,” September 2009.

Figure 3.2.2 Domestic Commercial Refrigerator Market Share as of 2008

Manufacturers in the “Other” category (in Figure 3.2.2) are listed below; parent
companies are listed in parentheses if applicable.

e Arctic Air e Hoshizaki America, Inc. e Silver King

e Arctic Star e Hussmann (Ingersoll e Structural Concepts
Rand) Corp.

e CSC Worldwide e Kelvinator e TorRey

Refrigeration

e Custom Deli e Kysor/Warren (Enodis) e Turbo Air

e Custom Fabricators e Master-Bilt Products e Victory Refrigeration
(Standex)

e Hill Phoenix (Dover e McCall Refrigeration e Zero Zone

Corp.)
3.2.2.1 Small Businesses

DOE is considering the possibility that energy conservation standards for commercial
refrigeration equipment would adversely affect small businesses. The Small Business
Administration (SBA) defines small business manufacturing enterprises for commercial
refrigeration equipment as those having 750 employees or fewer.® SBA lists small business size
standards for industries as they are described in the North American Industry Classification
System (NAICS). The size standard for an industry is the largest size that a for-profit company
can have in that industry and still qualify as a small business for Federal Government programs.
These size standards are generally expressed in terms of the average annual receipts or the
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average employment of a firm. For commercial refrigeration equipment, the size standard is
matched to NAICS code 333415, Air-Conditioning and Warm Air Heating Equipment and
Commercial and Industrial Refrigeration Equipment Manufacturing.

DOE studied the potential impacts on these small businesses in detail during the
manufacturer impact analysis, which was conducted as a part of the notice of proposed
rulemaking (NOPR) analysis. DOE identified a number of commercial refrigeration equipment
manufacturers that qualify as small businesses, which are listed below; parent companies are
listed in parentheses if applicable.

e Admiral Craft Killion Industries

e Amtekco e MaxxCold

e Arctic Air ¢ Northland Refrigeration

e Arctic Star e Regal-Pinnacle

e Ascend Mfg. e Royal Store Fixture (Parisi)
e Beverage Air e Saturn Equipment

e Blue Air Commercial Refrigeration e Silver King

e ColdTech USA e Southern Store Fixtures

e Continental Refrigerator e Spartan Showcase

e CSC Worldwide e Structural Concepts Corp.
e Everest Refrigeration e Summit Commercial

e Fagor Refrigeration e Tor Rey Refrigeration

e Fogel USA e Utility Refrigerator

e Global Refrigeration e Victory Refrigeration

e Howard/McCray e Zero Zone

3.2.3 Regulatory Programs

Outside of the United States, Canada and Australia have efficiency standards for
commercial refrigeration equipment. Additionally, the following states have established
appliance efficiency regulations in the past: Arizona, California, Connecticut, Maryland,
Massachusetts, Minnesota, New Jersey, New York, Oregon, Rhode Island, Vermont, and
Washington. Of these, California is the only state that explicitly regulated all types of
commercial refrigerators, freezers, and refrigerator-freezers with past state standards. Arizona,
Oregon, Rhode Island, Connecticut, Maryland, New Jersey, New York, and Washington
regulated certain types of commercial refrigeration equipment. Many of these standards have
since been pre-empted by the Federal standards for self-contained equipment with doors set forth
in EPACT 2005 and effective January 1, 2010. The documents that set forth individual state
appliance efficiency standards can be accessed via the Database of State Incentives for
Renewables & Efficiency (DSIRE), a DOE-funded online database.*

3.2.31 Natural Resources Canada

The Natural Resources Canada (NRCan) Office of Energy Efficiency has energy
efficiency standards for commercial refrigerators, freezers, and refrigerator-freezers. A May
2010 NRCan bulletin proposed standards for self-contained equipment without doors, equipment
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with remote condensing units, and commercial ice cream freezers. These changes also serve to
align the standards with those in the United States.® The test method for determining compliance
is AHRI Standard 1200-2008, Performance Rating of Commercial Refrigerated Display
Merchandisers and Storage Cabinets, with the following specifications for the integrated
average temperature (IAT):

e Refrigerator compartment: 38°F £ 2°F (3.3°C £ 1.1°C)

e Freezer compartment: 0°F + 2°F (-17.8°C + 1.1°C)
e Wine chiller: 45°F + 2°F (7.2°C £ 1.1°C)
e Ice-cream cabinet: -5°F £ 2°F (-20.6°C £ 1.1°C)

3.2.3.2 Canadian Standards Association

The Canadian Standards Association (CSA) is an independent standards-setting agency
that establishes test procedures and efficiency standards that the Canadian government typically
adopts. The Canadian standard CAN/CSA C657-04, Energy Performance Standard for
Refrigerated Display Cabinets (Merchandisers), applies to remote condensing commercial
equipment with and without doors, and self-contained commercial equipment with and without
doors, except as covered by CSA C827-10. Commercial refrigerators and commercial freezers
with doors (including commercial ice-cream freezers) are covered in a separate test procedure
and standard, CSA C827-10, Energy Performance Standard for Food Service Refrigerators and
Freezers. This standard is a revision of the original CSA standard published in 1995. Among the
changes are redefined equipment categories and new minimum energy performance standards
(MEPS).?

The CSA C657-04 standard divides commercial refrigeration equipment into seven
classes and several sub-classes. Table 3.2.1 summarizes classes and MEPS levels from CSA
C657-04. For equipment with a remote condensing unit, the MEPS use a pre-determined remote
condensing unit efficiency to calculate daily energy use.

Table 3.2.1 Canadian Standards Association Equipment Classes and Efficiency Ratings

) Number of Angle of_Air MEPS
Class Iél':l' Temperature | Open/Closed Deck Air_ C;Jr':ra#n k%/\?g?ft
Curtains .

Vertical per day
1 41.0 Medium Open Single/Multi 1 0-30° 4.0
2 41.0 Medium Open Single/Multi 1 30-60° 2.9
3 41.0 Medium Open Single/Multi 1 60-90° 1.6
4 0.0 Low Open Multi 2o0r3 0-30° 9.4
5 0.0 Low Open Single 1 60-90° 4.6
6a 41.0 Low/Medium Closed Multi Single Vent with Glass 2.3
6b 0.0 Same as 6a 6.1
7a 41.0 Medium | Closed | Single/Multi | Glass | N/A 2.6
7b 41.0 Same as 7a, except with only a gravity coil (no fan coil) 1.0

Source: CSA C657-04, Energy Performance Standard for Refrigerated Display Cabinets (Merchandisers).
* |AT = the average temperature of all test packages recorded during testing.

& Changes to the standard make it extremely difficult to compare levels between the 1995 and updated standards.
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3.2.3.3 Australia

Australia has required efficiency standards for commercial refrigeration equipment since
October 1, 2004.° The standards apply to both remote condensing and self-contained commercial
equipment used to store chilled and frozen food. The MEPS are established in Australian
Standard (AS) 1731.14-2003 as total energy consumption per total display area (TEC/TDA) in
kilowatt-hours per day per square meter for various equipment types. The Australian standards
categorize equipment by the following criteria:

remote or self-contained condensing unit
lit shelves or unlit shelves

number of shelves

solid door or glass door

fan coil or gravity coil

high, medium, or low temperature

The standards also specify minimum energy performance by M-package temperatures
(temperature of a load package) for self-contained cabinets. AS 1731-2003 specifies the test
procedures used to measure energy consumption.

3.2.4 Non-Regulatory Initiatives

DOE reviewed several voluntary programs promoting energy efficient commercial
refrigeration equipment in the United States, including the ENERGY STAR® program for
commercial refrigerators and commercial freezers, the Consortium for Energy Efficiency (CEE)
initiative for commercial refrigeration equipment, and the Federal Energy Management Program
(FEMP) procurement program for energy efficient commercial refrigerators and commercial
freezers. DOE also reviewed various rebate programs offered by utilities.

3.241 ENERGY STAR

The ENERGY STAR labeling program has a specification, in version 2.0 as of April
2009, for self-contained solid and glass door commercial refrigerators and commercial freezers.’
This program does not apply to remote condensing commercial equipment or self-contained
commercial equipment without doors. The ENERGY STAR version 2.0 specification criteria for
commercial equipment list the maximum energy consumption as follows.
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Table 3.2.2 ENERGY STAR Commercial Refrigerator and Freezer Key Criteria

Product Volume (in cubic feet)* | Refrigerator | Freezer

Vertical Configuration

Solid Door Cabinets

0<V<l15 <=0.089V + 1411 <=0.250V + 1.250
15<=V <30 <=0.037V + 2.200 <=0.400V - 1.000
30<=V <50 <=0.056V + 1.635 <=0.163V +6.125
50 <=V <=0.060V + 1.416 <=0.158V + 6.333
Glass Door Cabinets

0<V<l15 <=0.118V + 1.382 <=0.607V + 0.893
15<=V <30 <=0.140V + 1.050 <=0.733V - 1.000
30<=V <50 <=0.088V + 2.625 <=0.250V + 13.500
50 <=V <=0.110V + 1.500 <=0.450V + 3.500

Chest Configuration

Solid or Glass Door Cabinets | <=0.125V +0.475 | <=0.270V +0.130

*V = Association of Home Manufacturers (AHAM) volume in cubic feet

In addition to the scope of coverage, there are several notable differences between the
ENERGY STAR criteria and those currently used by DOE. For one, ENERGY STAR uses the
American National Standards Institute/American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ANSI/ASHRAE) Standard 72-2005, Method of Testing Commercial
Refrigerators and Freezers, as the sole method of test. As ASHRAE Standard 72-2005
incorporates the same rating temperatures as DOE for refrigerators and freezers and is the same
test method referenced in AHRI Standard 1200 for self-contained refrigerators and freezers, this
difference is nominal and does not impact the test result. The ENERGY STAR criteria also
specify ANSI/AHAM HRF-1-2004 for measuring internal volume. The ENERGY STAR criteria
also differ from DOE’s existing standards in the treatment of energy management devices and in
the definition of door type (solid or transparent) based on percentage of transparent area.

3.24.2  Consortium for Energy Efficiency

The CEE has a Commercial Kitchen Initiative, which encourages equipment purchasers
to buy more efficient commercial refrigeration equipment and directs them toward other rebate
programs for which these purchases may qualify them. The CEE program applies to solid door
and glass-door reach-in commercial refrigerators and commercial freezers.® This program is
based on ENERGY STAR version 2.0 standard levels, as listed in Table 3.2.2, and applies to
self-contained commercial equipment with doors. The program specifies standard levels in terms
of maximum daily energy use in kilowatt-hours per day for various door types for both vertical
and horizontal equipment.

3.24.3 Federal Energy Management Program

FEMP is a program administered by DOE that oversees the Federal Government’s energy
management and investment initiatives. FEMP has established purchasing specifications for
energy efficient equipment, including commercial refrigeration equipment, which Federal
agencies must follow when buying new equipment for their facilities.® Federal purchasers are
required by EPACT 2005 to purchase equipment that is either ENERGY STAR qualified or
FEMP designated. The FEMP designated equipment consists of equipment that is in the upper 25
percent of energy efficiency in its class.
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3.24.4 Rebate Programs

Numerous organizations and entities throughout the United States offer rebate programs
for customers who purchase and install qualified commercial refrigeration equipment. Most of
these incentive programs are accessible through the DSIRE online database. DSIRE lists all
available incentives, including those offered by states, municipalities, utility companies, and the
Federal government. This includes numerous incentives for purchasers of commercial
refrigeration equipment units that meet specific criteria. While many entities offer rebates for
commercial refrigeration equipment, most of which can be found on the DSIRE website, some
are listed below as examples.

Efficiency Vermont, an organization offering technical assistance and financial incentives
to encourage energy efficiency in Vermont, offers rebates for the installation of commercial
refrigeration equipment that exhibits certain performance or design characteristics. These rebates
include $100 for zero-energy transparent doors, $150 for light-emitting diode (LED) refrigerated
display case light fixtures, and $6 per linear foot of display case strip curtains and continuous
covers. 10

The EnergySmart Grocer Program is funded by California utility ratepayers under the
auspices of the California Public Utilities Commission. Eligible participants include grocery and
convenience stores, food processors, and refrigerated warehouses operating in the Pacific Gas
and Electric Company (PG&E) electric service territory. The program offers rebates for use of
specific technologies on commercial equipment such as night covers on equipment without
doors, upgrades to more efficient case lighting, anti-sweat heater controls, improved reach-in
door gaskets, and electronically commutated permanent magnet (ECM) motors. Additionally, the
program provides rebates to end users who replace older equipment with new high-efficiency
equipment.!

NV Energy offers incentives promoting the installation of energy efficient commercial
refrigeration equipment through the Nevada Sure Bet Program. These rebates are available to the
utility’s commercial, industrial, and institutional customers and are based on qualifying
equipment from the ENERGY STAR program. Additionally, the program offers rebates for the
installation of specific technologies, such as $4 per linear foot for the installation of night covers
on commercial refrigeration equipment without doors and $30 per motor for the installation of
ECM motors in refrigerated cases. 2

Otter Tail Power Company offers rebates to Minnesota commercial customers under the
Conservation Improvement Program. Under this program, customers are eligible to receive
between $20 and $40 per linear foot of, or upgrade to, high-efficiency commercial refrigeration
equipment, among other rebate offers. 3

3.25 Equipment Classes

Commercial refrigeration equipment can be divided into various equipment classes
categorized by physical characteristics that affect equipment efficiency. Most of these
characteristics affect the kind of merchandise that the equipment can be used to display and
determine how the customer can access that merchandise. Key physical characteristics are the
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operating temperature, the presence or absence of doors (closed cases or open cases), the type of
doors used (transparent or solid), the angle of the door or air curtain (horizontal, semivertical, or
vertical), and the type of condensing unit (remote condensing or self-contained). The following
list shows the key characteristics of commercial refrigeration equipment that DOE developed as
part of the 2009 final rule and identified in the Framework document and preliminary analysis
for this rulemaking:

1.

Operating temperature

e Medium temperature (38 °F rating temperature, refrigerators)

e Low temperature (0 °F rating temperature, freezers)

e |ce-cream temperature (-15 °F rating temperature, ice-cream freezers)
Door type

e Equipment with transparent doors

e Equipment with solid doors

e Equipment without doors

Orientation (air-curtain or door angle)

e Horizontal
e Semivertical
e Vertical

Type of condensing unit
e Remote condensing
e Self-contained

Additionally, because this rulemaking covers equipment for which standards were set in
the EPACT 2005 legislation, DOE has included a separate class for commercial refrigerators
with transparent doors for pull-down temperature applications. The inclusion of this equipment
as a separate class reflects the distinction that was made in the EPACT 2005 standards, which set
specific standards for this type of equipment separate from the standards for other commercial
refrigerators with transparent doors. DOE expressed its plans to include this equipment in the
form of a separate family with a single class, and this was included in the May 2010 Framework
document and March 2011 preliminary analysis. In response to stakeholder feedback, DOE has
retained this designation in the NOPR.

Table 3.2.3 shows the nine commercial refrigeration equipment families DOE has
considered within the scope of this rulemaking.
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Table 3.2.3 Commercial Refrigeration Equipment Families

Equipment Family Designation Description

Vertical Open VVOP Equipment without doors and an air-curtain angle > 0° and < 10°

Semivertical Open SVO Ecggg)ment without doors and an air-curtain angle > 10° and

Horizontal Open HzO Equipment without doors and an air-curtain angle > 80°

Vertical Closed Transparent vCT Eqmpmentownh hinged or sliding transparent doors and a door
angle < 45

Vertical Closed Solid VCS Equipment W|th°h|nged or sliding solid (opaque) doors and a
door angle > 45

Horizontal Closed Transparent HCT EqmpmentoWlth hinged or sliding transparent doors and a door
angle <45

Horizontal Closed Solid HCS Equipment Wlthohlnged or sliding solid (opaque) doors and a
door angle > 45

Service Over Counter sOC Equipment Wlth_ sliding or hinged doors |_ntendgd for use by s_ales
personnel and fixed or hinged glass for displaying merchandise

Pull-Down* PD* Commercial refrigerators with transparent doors for pull-down

temperature applications

*This equipment family is only applicable to PD.SC.M

The first eight equipment families contain equipment that can have one of two
condensing unit types and one of three operating temperatures. The ninth family, pull-down
equipment, contains only a single class as defined by EPACT 2005. The condensing unit type
has a significant impact on utility and energy use, and can be either remote condensing (RC) or
self-contained (SC). Remote condensing equipment is typically more efficient on a normalized
basis than self-contained equipment because of economies of scale incurred in the use of large,
multiplex compressor rack systems that feed multiple units. Remote condensing equipment
cannot be easily relocated, due to the refrigerant piping attachments, whereas self-contained
equipment is more mobile, generally requiring only an electrical outlet for operation.

The operating temperature of the equipment also has a significant impact on utility and
energy use. DOE has specified operating temperature classes of medium (M), low (L) or ice-
cream (1), representing rating temperatures (or IAT) of 38 °F, 0 °F, or -15 °F, respectively
(x 2 °F). Because different types of merchandise require different temperatures (e.g., chilled
versus frozen), operating temperature is a necessary distinction. Also, the larger temperature
differences and thermodynamic behavior of refrigerants means that equipment with lower
operating temperatures runs less efficiently than equipment with higher operating temperatures.

For open cases, “vertical” represents an air-curtain angle of < 10° from the vertical,
“semivertical” represents an air-curtain angle of > 10° and < 80° from the vertical, and
“horizontal” represents an air-curtain angle of > 80° from the vertical. DOE developed a
definition for air-curtain angle as part of the January 2009 final rule analysis:

(1) For equipment without doors and without a discharge air grille or discharge air
honeycomb, the angle between a vertical line extended down from the highest
point on the manufacturer’s recommended load limit line and the load limit line
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itself, when the equipment is viewed in cross- section; and (2) For all other
equipment without doors, the angle formed between a vertical line and the straight
line drawn by connecting the point at the inside edge of the discharge air opening
with the point at the inside edge of the return air opening, when the equipment is
viewed in cross-section.

Using all combinations of equipment family, operating mode, and temperature for the
first eight families, plus the self-contained medium-temperature pull-down class, 49 equipment
classes are possible, as illustrated in Table 3.2.4. DOE developed a lettering system in the 2009
rulemaking to simplify discussion of equipment classes, and has retained that system in this
rulemaking. The lettering designation for a particular equipment class consists of the
abbreviations for the equipment family, operating mode, and temperature, separated by periods.
Table 3.2.4 shows a complete list of equipment classes with lettering designations organized by
family, operating mode, and temperature.
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Table 3.2.4 Commercial Refrigeration Equipment Classes

. . Eqmpr_nent Sa_mple Operating Temperature Equipment Class
Equipment Family Family Equipment Mode : . - .
. . - . . Designation Designation
Designation | Family Image | Designation
M (38 °F) VOP.RC.M
RC L (0°F) VOP.RC.L
. | (-15 °F) VOP.RC.I
Vertical Open VOP M (38 °F) VOP.SC.M
SC L (0°F) VOP.SC.L
| (-15 °F) VOP.SC.I
M (38 °F) SVO.RC.M
_ RC L (0°F) SVO.RC.L
- 5 TN | (-15 °F) SVO.RC.I
Semivertical Open SVO '\Jf—--_-.’? M (38 °F) SVOSC.M
— sC L (0°F) SVO.SC.L
| (-15 °F) SVO.SC.I
M (38 °F) HZO.RC.M
RC L (0°F) HZO.RC.L
. | (-15 °F) HZO.RC.I
Horizontal Open HzO M (38 °F) HZO.SC.M
sC L (0°F) HZO.SC.L
| (-15 °F) HZ0.SC.1
M (38 °F) VCT.RC.M
RC L (0°F) VCT.RC.L
Vertical Closed VCT I (-15°F) VCT.RC.I
Transparent M (38 °F) VCT.SC.M
sC L (0°F) VCT.SC.L
| (-15 °F) VCT.SC.I
M (38 °F) VCS.RC.M
RC L (0°F) VCS.RC.L
. . | (-15 °F) VCS.RC.I
Vertical Closed Solid VCS M (38 °F) VCSSC.M
SC L (0°F) VCS.SC.L
| (-15 °F) VCS.SC.I
M (38 °F) HCT.RC.M
RC L (0°F) HCT.RC.L
Horizontal Closed HCT I (-15°F) HCT.RC.I
Transparent M (38 °F) HCT.SC.M
SC L (0°F) HCT.SC.L
; | (-15 °F) HCT.SC.I
M (38 °F) HCS.RC.M
RC L (0°F) HCS.RC.L
Horizontal Closed HCS I (-15°F) HCS.RC.I
Solid M (38 °F) HCS.SC.M
sC L (0°F) HCS.SC.L
| (-15 °F) HCS.SC.I
M (38 °F) SOC.RC.M
RC L (0°F) SOC.RC.L
. | (-15 °F) SOC.RC.I
Service Over Counter SOC M (38 °F) SOC.SC.M
sC L (0°F) SOC.SC.L
| (-15 °F) SOC.SC.I
Pull-Down PD SC M (38 °F) PD.SC.M
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3.2.6 Shipments

This section presents the shipments data DOE obtained to conduct the NOPR analyses.
DOE gathered data from ARI (submitted as part of the 2009 DOE rulemaking process),
Freedonia Group, the North American Association of Food Equipment Manufacturers
(NAFEM), Appliance Magazine, and the U.S. Census Bureau.

3.26.1  ARI Data

As part of its comments on the Framework document for the 2009 rulemaking (Docket
No. EE-2006-STD-0126, ARI, No. 7, Exhibit B at p. 1), ARI submitted annual shipment data by
equipment class for its member companies for the year 2005. DOE used this shipments data as
part of the basis for this analysis, as newer shipments data were not available. DOE understands
that this data does not include the entire industry because ARI did not represent all
manufacturers at that time.? However, because this data covered a significant portion of the
commercial refrigeration equipment sold, and because no other detailed data was available at that
time, the 2005 ARI shipments data was used as the total commercial refrigeration equipment
shipments for the 2009 final rule, and has been incorporated as an input into the analyses for the
current rulemaking.

Table 3.2.5 shows 2005 annual shipments for each category of commercial refrigeration
equipment by equipment class. The ARI data included shipments for equipment that operates at
an “application” temperature (e.g., wine chillers that operate at 45 °F and freezers that operate at
-30 °F). However, DOE only considered in its analyses shipments of equipment at the three
temperatures used in this rulemaking (38 °F, 0 °F, and -15 °F; see section 3.2.5). The shipments
of equipment that operate at one of these three temperatures constitute approximately 98 percent
of the shipments that ARI reported.

b Most notably, True Manufacturing, which DOE understands to have a large market share of self-contained
equipment.
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Table 3.2.5 ARI 2005 Shipments of Commercial Refrigerators and Freezers by Equipment

Class
Equipment Equipr_nent Operating Temperature Equipment Class .
Famil F_amﬂy I\'/lode' Designation Designation ARI Shipments*
y g g
Designation Designation
Vertical Open VOP RC M (38 °F) VOP.RC.M 38,743
L (0°F) VOP.RC.L 0
I (-15°F) VOP.RC.I 0
sC M (38 °F) VOP.SC.M 6,512
L (0°F) VOP.SC.L 0
I (-15 °F) VOP.SC.I 0
Semivertical Open SVO RC M (38 °F) SVO.RC.M 29,552
L (0°F) SVO.RC.L 0
I (-15 °F) SVO.RC.I 0
sC M (38 °F) SVO.SC.M 9,750
L (0°F) SVO.SC.L 0
I (-15 °F) SVO.SC.I 0
Horizontal Open HzO RC M (38 °F) HZO.RC.M 4,541
L (0°F) HZO.RC.L 14,278
I (-15 °F) HZO.RC.I 0
SC M (38 °F) HZO.SC.M 838
L (0°F) HZO.SC.L 1,738
I (-15 °F) HZO.SC.I 0
Vertical Closed VCT RC M (38 °F) VCT.RC.M 2,767
Transparent L (0°F) VCT.RC.L 38,483
I (-15°F) VCT.RC.I 0
sC M (38 °F) VCT.SC.M 43,374
L (0°F) VCT.SC.L 2,472
I (-15 °F) VCT.SC.I 1,898
Vertical Closed VCS RC M (38 °F) VCS.RC.M 49
Solid L (0°F) VCS.RC.L 2
I (-15 °F) VCS.RC.I 43
sC M (38 °F) VCS.SC.M 4
L (0°F) VCS.SC.L 4,202
I (-15 °F) VCS.SC.I 470
Horizontal Closed HCT RC M (38 °F) HCT.RC.M 0
Transparent L (0°F) HCT.RC.L 15
I (-15 °F) HCT.RC.I 0
SC M (38 °F) HCT.SC.M 724
L (0°F) HCT.SC.L 0
I (-15 °F) HCT.SC.I 9,056
Horizontal Closed HCS RC M (38 °F) HCS.RC.M 37
Solid L (0°F) HCS.RC.L 0
I (-15 °F) HCS.RC.I 0
SC M (38 °F) HCS.SC.M 39,761
L (0°F) HCS.SC.L 4,109
I (-15 °F) HCS.SC.I 0
Service Over soC RC M (38 °F) SOC.RC.M 9,312
Counter L (0°F) SOC.RC.L 9
I (-15°F) SOC.RC.I 0
sC M (38 °F) SOC.SC.M 1,108
L (0°F) SOC.SC.L 0
I (-15 °F) SOC.SC.1 0
Pull-Down PD SC M (38 °F) PD.SC.M N.A**

* Source: Docket No. EE-2006-STD-0126, ARI, No. 7, Exhibit B at p. 1.
** Self-contained pull-down refrigerators with transparent doors were not explicitly addressed in the 2005 shipments data from ARI.
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3.2.6.2 NAFEM Data

NAFEM publishes a biennial study of the foodservice equipment and supplies market.
The latest available report is titled 2008 Size and Shape of the Industry Study.* It contains
survey data from NAFEM members (not all members provided data for the report) including
shipments numbers and the value of sales in dollars. Based on the numbers reported by the
respondents to the survey, NAFEM developed a total market estimate of shipments (units
shipped and dollar sales) for the year 2007. NAFEM also estimated the projected shipments for
2008. NAFEM published similar study reports for shipments in 2006, 2004, and 2002.%’

The “refrigeration and ice machine study” is part of the NAFEM reports and includes
shipments data for under-counter, reach-in, pass-through, roll-in/roll-through refrigerators and
freezers; air curtain refrigerators; milk coolers; and ice-cream cabinets, freezers, and dispensers
(gelato equipment, dipping freezer/cabinets). Table 3.2.6 shows the DOE equipment classes to
which the NAFEM equipment was assigned. Shipments numbers have been withheld from
publication because the NAFEM reports are not publicly available documents.

Table 3.2.6 NAFEM Shipments Categories and Corresponding DOE Equipment Classes

Assigned DOE
NAFEM Category Equipment Class
Air curtains or air curtain refrigerators VOP.SC.M
Milk coolers VCS.SC.M
Under-counter refrigerators VCS.SC.M
Under-counter freezers VCS.SC.L
Reach-in/pass-through refrigerators VCS.SC.M,VCT.SC.M
Reach-in/pass-through freezers VCS.SC.L,VCT.SC.L
Roll-in/roll-through refrigerators VCS.SC.M
Roll-in/roll-through freezers VCS.SC.L
Ice-cream cabinets, freezers & dispensers HCT.SC.ILHCT.SC.L,
(gelato equipment, dipping freezers/cabinets) HCS.SC.1

3.2.6.3 Freedonia Market Reports

The Freedonia Group published a study on the United States commercial refrigeration
industry titled Commercial Refrigeration Equipment to 2014.%8 This report contains dollar values
of commercial refrigeration equipment sales and in some cases shipments data in number of
units. Shipments data are reported by market type (food and beverage retail, foodservice),
equipment type (open and closed display case, reach-ins), and operating temperature (normal,
low, and ice-cream temperatures). The report also presents the year-on-year percentage changes
in total commercial refrigeration market from 1999 to 2009, which includes commercial
refrigeration equipment used in food production and food distribution market sectors, and other
equipment categories like beverage vending machines, walk-ins, liquid chillers, transportation
systems, and refrigeration parts. Table 3.2.7 shows the classification of the Freedonia equipment
categories into DOE product classes. Shipments numbers have been withheld from publication
because Freedonia reports are not publicly available.
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Table 3.2.7 Freedonia Shipments Categories and Corresponding DOE Equipment Classes

Freedonia
Freedonia Equipment Type Operatin .
Designal'?ion 7 Tenﬁperatugre DOE Equipment Class(es)
Designation
Open self-service display Normal VOP.RC.M,HZO.RC.M,SVO.RC.M
cases VOP.SC.M,SV0O.SC.M,HZ0O.SC.M
Closed display cases Normal VCT.RC.M,VCT.SC.M
Open display cases Low VOP.RC.L,HZO.RC.L,SVO.RC.L
VOP.SC.L,HZ0O.SC.L,SVO.SC.L
Closed display cases Low VCT.RC.L,VCT.SC.L,
SOC.RC.L,SOC.SC.L
Ice-cream freezer & other Ice-cream VCT.RC.I,VCT.SC.I,HCT.SC.I,
HCT.SC.L
Reach-in refrigerators Normal VCS.SC.M
Reach-ins freezers Low VCS.SC.L

3.2.6.4  Appliance Magazine Data

Appliance Magazine publishes historical and forecasted shipments of refrigerated display

cases, shown in Table 3.2.8 and Table 3.2.9.¢

Table 3.2.8 Historical Shipments of Refrigerated Display Cases

Year Unit Shipments
1999 340,453
2000 347,262
2001 175,000
2002 183,300
2003 191,549
2004 185,000
2005 177,000
2006 180,540
2007 184,000
2008 172,129

Source: Appliance Magazine, “56™ Annual Statistical Review,” May 2009.

Table 3.2.9 Statistical Forecasts of Refrigerated Dis

play Case Shipments

Year Unit Shipments
2009 152,000
2010 156,000
2011 162,000
2012 166,000

Source: Appliance Magazine, “58™ Annual Appliance Industry Forecasts,”
February 2010.

It is unclear what is responsible for the sharp decline in display case shipments between
2000 and 2001 reported by Appliance Magazine. A similar decline is reported in other market
literature.'® DOE believes that some of the observed decline in shipments is the result of a
general slowdown in the U.S. economy in the second and third quarters of 2001. Financial

¢ As mentioned earlier, Appliance Magazine describes the data as

representing refrigerated display cases but does

not provide a precise definition of the equipment. It is unclear what types of equipment this term covers—whether it
is equipment that is self-contained or remote condensing, or equipment with doors or without doors.
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reports by commercial refrigeration equipment manufacturers discuss depressed investment and
uncertainty in the retail food industry between 2000 and 2005 as contributing to low sales of
commercial refrigeration equipment. There may be other explanations, including possible
changes in what equipment Appliance Magazine included in its categorization of “refrigerated
display cases.”

Appliance Magazine also published historical and forecasted shipments of commercial
refrigerators, shown in Table 3.2.10 and Table 3.2.11.¢

Table 3.2.10 Historical Shipments of Commercial Refrigerators

Year Unit Shipments
1999 233,750
2000 245,437
2001 260,000
2002 263,000
2003 268,000
2004 275,000
2005 289,000
2006 307,000
2007 309,375

Source: Appliance Magazine, “54™ Annual Statistical Review,” May 2007, “31%
Annual Portrait of the U.S. Appliance Industry,” September 2008.

Table 3.2.11 Statistical Forecasts of Commercial Refrigerator Shipments

Year Unit Shipments

2009 270,455

2010 275,323

2011 280,830
Source: Appliance Magazine, “57" Annual Appliance Industry Forecasts,”

January 2009.

Appliance Magazine appears to have stopped offering historical and forecast information
on shipments of commercial refrigerators and display cases after 2010. Thus the information
presented here reflects the latest available data from that source.

3.2.6.5 Census Bureau Data

The U.S. Census Bureau’s Economic Census of Manufacturing Industry Series publishes
statistics on the quantity and value of shipments for those companies with shipments over
$100,000 in value.? 2 22 There are eight categories for display cabinets and display cases,
including reach-ins. These are sub-divided into reach-in, closed display, and open display.

Table 3.2.12 shows shipment data for open refrigerated display cases, which include both
self-contained units without doors and remote condensing units without doors. It is not possible

d Similar to its treatment of refrigerated display cases, Appliance Magazine describes the data as representing
commercial refrigerators, but does not provide a precise definition of the equipment. It is unclear what types of
equipment this term covers—whether it is equipment that is self-contained or remote condensing, or equipment with
doors or without doors.
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to determine from Table 3.2.12 which shipments are for self-contained units and which are for
remote condensing units since the census data reports these together.

Table 3.2.12 Shipments of Open Refrigerated Display Cases (Remote Condensing and Self-
Contained)

Number of . .
. . Shipment Shipment
Open or Companies with :
Type Temperature | Survey Year Quantity Value
Closed Sales Over 1.000s $1.000
$100,000 ' '
Display Case Open Normal 2007 15 (9)47.7 237,791
One Level 2002 6 - 89,622
1997 13 - 140,259
Display Case Open Normal 2007 10 S 170,628
Multi Level 2002 9 - 341,472
1997 11 58.6 258,310
Display Case Open Frozen Food 2007 7 S 29,366
2002 6 - 11,538
1997 7 20.4 90,213

Source: U.S. Census, Economic Census, Manufacturing Industry Series 2007,
http://factfinder.census.gov/servlet/DatasetMainPageServlet? program=ECN& tabld=ECN1& submenuld=datasets 4& lang=en;
U.S. Census, Economic Census, Manufacturing Industry Series 1997, EC97M-3334D, www.census.gov/epcd/www/97EC31.HTM;
U.S. Census, Economic Census, Manufacturing Industry Series 2002, EC02-311-333415 (RV), www.census.gov/econ/census02.

* S - Withheld because estimate did not meet publication standards

**(q) - 20—29 percent estimated

Table 3.2.13 shows shipment data for closed refrigerated display cases, which include
both self-contained units with doors and remote condensing units with doors. It is not possible to
determine from Table 3.2.13 which shipments are for remote condensing units and which are for
self-contained condensing units.

Table 3.2.13 Shipments of Closed Refrigerated Display Cases (Remote Condensing and
Self-Contained)

Number of . .
. . Shipment Shipment
Open or Companies with :
Type Temperature | Survey Year Quantity Value
Closed Sales Over 1.000s $1.000
$100,000 ' '
Display Case | Closed Normal 2007 8 S 108,627
2002 11 - 50,601
1997 15 - 91,892
Cabinet Closed Frozen Food 2007 7 S 25,100
2002 8 - 20,618
1997 9 - 112,873
Other Not stated Low Temp. 2007 6 S D
Display 2002 7 - 58,549
Cases 1997 6 - 43,150

Source: U.S. Census, Economic Census, Manufacturing Industry Series 2007,

http://factfinder.census.gov/servlet/DatasetMainPageServlet? program=ECN& tabld=ECN1& submenuld=datasets 4& lang=en;

U.S. Census, Economic Census, Manufacturing Industry Series 1997, EC97M-3334D, http://www.census.gov/epcd/www/97EC31.HTM;
U.S. Census, Economic Census, Manufacturing Industry Series 2002, EC02-311-333415 (RV), http://www.census.gov/econ/census02.
* S - Withheld because estimate did not meet publication standards

** D - Withheld to avoid disclosing data for individual companies; data are included in higher level totals

3-22



http://factfinder.census.gov/servlet/DatasetMainPageServlet?_program=ECN&_tabId=ECN1&_submenuId=datasets_4&_lang=en
http://www.census.gov/epcd/www/97EC31.HTM
http://www.census.gov/econ/census02
http://factfinder.census.gov/servlet/DatasetMainPageServlet?_program=ECN&_tabId=ECN1&_submenuId=datasets_4&_lang=en
http://www.census.gov/epcd/www/97EC31.HTM
http://www.census.gov/econ/census02

Table 3.2.14 shows shipment data for commercial reach-in (vertical) cabinets. These
cabinets can have either solid or glazed doors. It is not possible to determine from Table 3.2.14
which shipments are for remote condensing units and which shipments are for self-contained
units.

Table 3.2.14 Shipments of Commercial Reach-In Cabinets (Remote Condensing and Self-
Contained)

Number of Shipment Shipment
Open or Companies with hme P
Type Temperature | Survey Year Quantity Value
Closed Sales Over 1.000s $1.000
$100,000 ' '
Display Not Normal 2007 21 S 655,800
Cabinets - Not | Specified 2002 21 381.7 465,553
for Frozen 1997 29 - 439,081
Foods
Display Not Low 2007 11 S 341,136
Cabinet Specified | Temperature 2002 16 - 259,105
1997 24 - 307,605

Source: U.S. Census, Economic Census, Manufacturing Industry Series 2007,
http://factfinder.census.gov/servlet/DatasetMainPageServlet? program=ECN& tabld=ECN1& submenuld=datasets 4& lang=en;

U.S. Census, Economic Census, Manufacturing Industry Series 1997, EC97M-3334D, http://www.census.gov/epcd/www/97EC31.HTM;
U.S. Census, Economic Census, Manufacturing Industry Series 2002, EC02-311-333415 (RV), http://www.census.gov/econ/census02.
*S - Withheld because estimate did not meet publication standards

In summary, although the U.S. Census Bureau data contain some limited shipments data
that would be useful for conducting technical analyses, not enough detail is available to provide
specific assessments for shipments within each of the primary categories covered in this
rulemaking.

3.2.7 Equipment Lifetimes

DOE reviewed available literature and consulted with experts on commercial
refrigeration equipment to establish typical equipment lifetimes. The literature and individuals
consulted estimated a wide range of typical equipment lifetimes, shown in Table 3.2.15.

Individuals with experience in the manufacturing or distribution of commercial
refrigeration equipment suggested a typical case life of 5 to 15 years. Experts in the field
suggested that while the equipment is typically robust in design, much of the equipment is
replaced for cosmetic reasons during store remodeling (typically every 10 years or so). One
distributor suggested that U.S. tax depreciation schedules, which allow depreciation over a 5-
year period for retail fixtures, including commercial refrigerators and commercial freezers,? are
one driver for regular replacement of commercial refrigeration equipment in the United States.

Some literature suggested lifetimes of up to 20 years or more for commercial
refrigeration equipment. Many of the studies cited here related to examination of environmental
impacts of refrigerant emissions and therefore may not always clearly distinguish between the
lifetime of the case and the lifetime of the compressor racks.?* However, available literature and
consultation with experts in the field suggested that smaller, independently owned grocery stores
were more likely to keep equipment longer than larger chain stores.
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Several industry experts and stakeholders suggested during interviews and in public
meetings that there is a significant used and refurbished equipment market. However, DOE did
not determine the size of the used market relative to the new market. Those consulted generally
agreed that the salvage value of used equipment was very low compared to the initial purchase
price. This is due to both cosmetic concerns and the custom nature of much of the equipment.
The difficulty in collecting used equipment of the same “look” for planned display case line-ups
in retail stores was cited as another reason for the low price of used equipment. A survey in the
Pacific Northwest reported that for small, independent grocery stores (< 20,000 square feet) and
independently owned convenience stores, the fraction of owners who would consider purchase of
refurbished equipment was 25 and 16 percent, respectively. For larger regional chains, this
fraction was approximately 11 percent. None of the large grocery chains surveyed had plans to
purchase refurbished equipment. See TSD chapter 8 and chapter 9 for the equipment lifetime
values used in the LCC and shipments analyses.

Table 3.2.15 Estimates for Commercial Refrigeration Equipment Lifetimes

Life Reference
15 years Heshong Mahone Group 20042
5-7 years (large chains) Verisae 20062
15 years (smaller chains and independent grocers Verisae 20067
may go up to 20 years)
7-15 years Mark Ellis & Associates 20032
15 years Foster-Miller 2001%°
15-20 years U.S. Environmental Protection Agency 2001%°
15 years Arthur D. Little 200283
9-10 years (9 years with doors, 10 years without CEC 2004%
doors)
5-15 years (typically 10 years) Hansen 200622
10 years PG&E 20043
7-10 years (remote condensing) Intergovernmental Panel on Climate Change 20013
8-12 years (self-contained)
7 years Fisher 1991%
10-15 years Navigant Consulting, Inc. 2009%

3.2.8 Market Performance Data
3.28.1 Remote Condensing Equipment

During the 2009 rulemaking, DOE conducted a survey of existing remote condensing
refrigerated equipment from major manufacturers and compiled a performance database based
on available information. Information such as total refrigeration load, evaporator temperature,
lighting power draw, defrost power draw, and motor power draw were used to analytically
determine calculated daily energy consumption (CDEC) according to the methodology of AHRI
Standard 1200, Performance Rating of Commercial Refrigerated Display Merchandisers and
Storage Cabinets.

This data was used to develop figures included in the market and technology assessment
chapter of the 2009 final rule TSD showing the relationship between CDEC and TDA for the
VOP.RC.M, SVO.RC.M, and HZO.RC.M classes, as well as a plot showing the relationship
between air curtain angle and performance. Because the market baseline did not change between
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the 2009 final rule and the publication of the preliminary analysis TSD for the current
rulemaking, DOE retained those figures in the preliminary analysis TSD chapter 3.

Since the publication of the preliminary analysis for the current rulemaking, the
compliance date of the 2009 standards (January 1, 2012) has passed, altering the market baseline.
DOE does not have sufficiently detailed information for specific equipment models to allow it to
show similar plots representative of the current market. Based on discussions with
manufacturers, DOE believes that many remote condensing equipment lines offer models at or
near the baseline, with options to add higher-efficiency features upon customer request.

3.2.8.2  Self-Contained Equipment

For self-contained equipment, market performance plots were developed for selected
equipment classes based on rated test data for this equipment from publicly accessible sources.
These included the California Energy Commission (CEC), and ENERGY STAR directories. The
rated energy consumption values, capacities, and equipment types were used to produce market
performance plots for self-contained equipment classes. However, because these directories are
produced by different parties independent from DOE and are in some cases voluntary, the data
contained within them does not always align exactly with the DOE equipment classes, nor does it
necessarily reflect the entire range of efficiencies on the market within a given equipment class.
For example, for some classes currently covered under a TDA-based standard, only volume
information was available in these directories. Figure 3.2.3 through Figure 3.2.10 show energy
use as a function of size for select self-contained equipment classes.
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Figure 3.2.3 Market Performance Data for the VOP.SC.M Equipment Class
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Figure 3.2.5 Market Performance Data for the VCT.SC.L Equipment Class
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Figure 3.2.6 Market Performance Data for the VCS.SC.M Equipment Class

35 4

[ e N N w
o @] o @] o
I 1

Reported Daily Energy Consumption [kWh/day]
w

V(CS.SC.L
Vertical Freezer with Solid Doors and
a Self-Contained Condensing Unit

L 2
*9s b
2
® ¢ %
TS 2
g “ % ‘g
ﬁ‘
o
* ",
0 1IO 2‘0 36 4I0 5I0 6IO 7‘0 86

Volume [ft3]

Figure 3.2.7 Market Performance Data for the VCS.SC.L Equipment Class
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Figure 3.2.8 Market Performance Data for the HCT.SC.M Equipment Class
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Figure 3.2.9 Market Performance Data for the HCT.SC.L Equipment Class
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Figure 3.2.10 Market Performance Data for the HCS.SC.M Equipment Class

3.3 TECHNOLOGY ASSESSMENT

The purpose of the technology assessment is to develop a preliminary list of technologies
that could potentially be used to improve the efficiency of commercial refrigeration equipment.
The following assessment provides descriptions of technologies and designs that apply to all
equipment classes; designs that apply to equipment without doors only; and technologies and
designs that apply to self-contained equipment only.

3.3.1 Technologies and Designs Relevant to All Equipment Classes

The following technologies and designs are relevant to all equipment classes: higher
efficiency lighting, higher efficiency lighting ballasts, remote ballast location, higher efficiency
expansion valves, higher efficiency evaporator fan motors, variable-speed evaporator fan motors
and evaporator fan motor controllers, higher efficiency evaporator fan blades, improved
evaporator coil design, low-pressure differential evaporators, insulation increases or
improvements, defrost mechanisms, defrost cycle control, vacuum insulated panels (VIPs), and
occupancy sensors for lighting controls.

3311 Higher Efficiency Lighting

Commercial refrigeration equipment often includes lighting to illuminate the contents.
Some commercial refrigeration equipment also includes an illuminated sign on the exterior of the
unit. Higher efficiency lighting leads to energy savings in two ways: less energy is used directly
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for lighting, and less heat energy is dissipated into the refrigerated case by the lamp. Efficiency
in lighting is commonly measured as efficacy (lumens/watt), or the quantity of light output
(lumens) per electrical energy input (watts, W).

During the time frame of the 2009 rulemaking, DOE found that the commercial
refrigeration industry had begun using T8 fluorescent lighting in most cases. T8 lighting is
substantially more efficacious than T12 lighting and is predominantly used with electronic
ballasts, which are more efficient than the magnetic ballasts commonly used in T12 lighting.

A significant trend in recent years has been the use of LED technology. Although LEDs
currently on the market consume more energy per lumen of light output than fluorescents, they
provide better directionality than linear fluorescent bulbs, allowing for greater control of the light
output. The result is comparable product illumination with less total wattage. There have been
recent advancements in LED efficacy and numerous large retailers have adopted LED
technology. Research by the Lighting Resource Center indicates that consumers found lighting in
display cases using LEDs desirable. 3" Every major display door manufacturer offers LED
lighting as design option, and some are moving to make LEDs a standard feature on their doors.

3.3.1.2  Higher Efficiency Lighting Ballasts

Higher efficiency lighting ballasts reduce energy consumption by requiring less electrical
power to operate and by reducing waste heat generation, which contributes to case heat load.

Many illuminated display cases currently installed in supermarkets use fluorescent
lighting with magnetic ballasts, which use inductance to modulate power flow to fluorescent
lamps. Magnetic ballasts have significant electrical resistance losses. More recently, the market
has moved toward the use of electronic ballasts, which use solid state electronics to modulate the
power provided to fluorescent lamps. Electronic ballasts, which convert power at high frequency,
have lower electrical resistance losses compared to magnetic ballasts, which operate at line
frequency. Fluorescent lamps also operate more efficiently at the higher frequency provided by
electronic ballasts. In addition to the direct reductions in electrical power consumption, heat
generated by the lighting and the lighting ballast contribute to the case heat load, as both the
lighting and ballasts are often located inside the refrigerated space. Increasing ballast efficiency
also reduces the case heat load, and thus the compressor load. DOE notes that LED lighting does
not require independent lighting ballasts, as the LED emitters generally are powered by onboard
drivers built into each fixture.

3.3.1.3  Remote Lighting Ballast Location

Because ballasts may be located apart from the fluorescent lamps they power,
manufacturers could choose to place them within the display case cabinet but outside of the
refrigerated space, reducing heat load and case energy consumption.

3.3.1.4  Higher Efficiency Expansion Valves

Expansion valves are refrigerant metering devices that control the amount of refrigerant
flowing to the evaporator coil. In doing so, they simultaneously decrease the temperature and
pressure of the refrigerant, creating a cold liquid-vapor mixture. The low temperature of the
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refrigerant leaving the expansion valve creates the driving force to move heat out of the
refrigerated space and into the evaporator.

The most basic type of expansion device is a capillary tube, which may be found in small
self-contained commercial refrigeration equipment. The capillary tube is a long, thin piece of
pipe that creates a pressure drop in the refrigerant through frictional losses. Capillary tubes must
be sized to the particular application and cannot adjust for variations in load or ambient operating
conditions. They are often oversized for worst-case conditions, and therefore may operate at
reduced efficiency during normal operation.

The thermostatic expansion valve (TXV) is common in remote condensing commercial
refrigeration equipment. This device uses an orifice to reduce the pressure of the entering
refrigerant and a sensing bulb to monitor and maintain the temperature of the superheated vapor
leaving the evaporator. Because the TXV allows for some degree of adjustment of refrigerant
expansion, it may be somewhat more efficient than the capillary tube device under varying
conditions.

The electronic expansion valve (EEV) is similar to the TXV, but uses an electronic
control system to optimize refrigeration-system performance under all operating conditions.
Because it does this with greater flexibility than a TXV allows, an EEV theoretically allows for
increases in energy efficiency under varying conditions. However, as with the TXV, an EEV will
likely not provide significant energy savings over a properly sized capillary tube or a TXV under
fixed ambient conditions such as those used in the DOE test procedure.

3.3.15 Higher Efficiency Evaporator Fan Motors

Evaporator fan motors are fractional horsepower in size (generally on the order of 6-12
watts), are responsible for moving air across the evaporator coil, and typically run at one speed.
The manufacturer will match the motor size and blade design to the evaporator coil to meet the
expected load on the case under most conditions. Higher efficiency evaporator fan motors reduce
energy consumption by requiring less electrical power to generate motor shaft output power.

Electric motors operate based on the interaction between a field magnet and a magnetic
rotor. In a brushed motor, the field magnets are permanent magnets and the rotor is an
electromagnet; the situation is reversed in a brushless motor. The electromagnetic interactions
between these two magnets cause the rotor to rotate.

Single-phase motors, the simplest type of electric motor, suffer from a serious
shortcoming. Single-phase motors only produce a rotating magnetic field when the rotor is
rotating, and simply powering the electromagnet is therefore not sufficient to start such a motor.
One of the most significant differences between different types of single-phase motors is the way
in which they handle this start-up problem.

Nearly all inexpensive fan motors are either shaded-pole or permanent split capacitor
(PSC), and the same is true for baseline commercial refrigeration equipment fan motors (fan
motors not marketed as “high efficiency”). In both cases, the electromagnet consists of windings
of electrical wire through which current is driven. In a shaded-pole motor, a portion of these
windings is “shaded” by a copper loop. The interactions between the magnetic field generated by
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the shaded portion and that generated by the unshaded portion induce rotation when the motor is
powered. Because the imbalance between the shaded and un-shaded portions of the magnet
remains throughout operation, however, shaded-pole motors are inefficient, with typical motor
efficiencies less than 20 percent.® Shaded-pole motors are, however, electrically simple and
inexpensive.

In a PSC motor, a smaller, start-up winding is present in addition to the main winding.
The start-up winding is electrically connected in parallel with the main winding and in series
with a capacitor. At start up, the interactions between the magnetic field generated by the start-up
winding and that generated by the main winding induce rotation. Because of the capacitor,
however, the current to the start-up winding is cut off as the motor reaches steady state. Due to
this design, PSC motors are more energy efficient than their shaded-pole counterparts, with
motor efficiencies ranging from 25 to 40 percent, according to DOE’s research, depending on
motor size, design, and manufacturer. The energy efficiency of commercial refrigeration
equipment fans that use shaded-pole motors can be substantially improved by replacing them
with PSC motors.

A third type of electric motor, the ECM motor (also known as the brushless permanent
magnet motor), is more energy efficient than both shaded-pole and PSC motors. ECM motors,
which are sold in high volumes, are three-phase electric motors with efficiencies even greater
than PSC motors. These motors are actually DC motors, often with a built-in inverter allowing
them to run off of AC current. They also feature a permanent magnet rotor. An electronic
controller pulses power to the motor, and these signals drive different groups of windings inside
the motor. The controller modulates these pulses of power in order to maintain a desired speed
and torque output. The result is a motor that is capable of maintaining constant torque and of
varying its speed as needed, resulting in high operating efficiencies, on the order of 60-70
percent at the sizes used in commercial refrigeration equipment. However, ECM motors can
weigh about twice as much and are more expensive than equivalent PSC motors.

3.3.1.6  Variable-Speed Evaporator Fan Motors and Evaporator Fan Motor
Controllers

Evaporator fan motor controllers allow fan motors to run at variable speed to match
changing conditions in the case. During periods of frost build-up, fan motor power requirements
increase; during the post-defrost period, power requirements decrease. Evaporator fan speeds
could also be modulated to account for increased or decreased refrigeration load due to product
loading, ambient conditions, or other factors. Varying the fan speed to suit the conditions could
ensure more stable discharge air temperatures (and thus more stable product temperatures) and
improve coil performance. Evaporator fan motor controllers could also allow the case to run
more efficiently at different ambient humidity and temperature levels.

3.3.1.7  Higher Efficiency Evaporator Fan Blades

High-efficiency evaporator fan blades, or tangential evaporator fans, move air more
efficiently, yielding energy consumption savings by reducing the required fan shaft power. The
evaporator fans typically used in commercial refrigeration equipment have sheet metal blades.
Usually, the fan blade manufacturer supplies the blades and the equipment manufacturer mounts
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them. These fan blades are not optimized for commercial refrigeration equipment. Evaporator
fans may have lower efficiencies due to the higher required pressure drops, for which sheet metal
fans are not well suited. Required fan shaft power could be reduced if the fan blades were
optimized for each application.

Tangential fans are one technology that provide an opportunity to decrease equipment
energy consumption.®® Tangential fans use a vortex builder to generate a uniform airflow over a
large surface. This makes them better suited to evaporator and condenser fans, which need to
distribute airflow over a large coil surface area. A single long tangential fan can meet the airflow
requirements for an entire refrigerated cabinet, and would require only one high-efficiency fan
motor.

3.3.1.8 Improved Evaporator Coil Design

The evaporator is a refrigerant-to-air heat exchanger composed of metals with high
thermal conductivity such as aluminum and copper. It is responsible for evaporating and
superheating the entering refrigerant liquid-vapor mixture while extracting heat from the air in
the refrigerated space. The internal heat-exchanging surfaces in contact with refrigerant are
commonly referred to as “refrigerant-side,” while the external heat-exchanging surfaces in
contact with the air are referred to as “air-side.”

Depending on the requirements of the equipment, the evaporator can be designed to have
a discharge air temperature (DAT) that can be up to 10 °F colder than the desired temperature of
the refrigerated space. Because a temperature difference is necessary to drive heat into the
refrigerant from the air passing over the coil, the saturated evaporator temperature (SET) must be
considerably colder than the DAT. The magnitude of this driving force is directly related to the
total refrigeration load and the thermal characteristics of the evaporator, as shown in Eqg. 3.1.

DAT —SET =AT :g
UA

Eq. 3.1
Where:

Q = the total refrigeration load (Btu/h),

U = the heat transfer coefficient of the evaporator (Btu/°F/ft?),

A = the area of the evaporator (ft?), and

AT = the temperature difference between the discharge air temperature and evaporator
temperature (°F).

Increasing the effective heat transfer surface area of the coil or improving other thermal
characteristics of the coil will decrease the necessary AT and therefore decrease the SET. This
results in an increased compressor energy efficiency ratio (EER) and lower compressor energy
consumption.

Enhancements to the refrigerant-side surface area of the evaporator typically include
rifled or diamond-pattern tubing and an increase in the number of tube passes. Enhancements to
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the air-side surface area can include increased fin pitch (decreased fin spacing), fin patterns
(wavy or zig-zag), and increased numbers of tube passes.

Increasing the overall size of the coil in one or more dimensions without changing other
aspects of the coil is another way to increase the area. However, many applications place limits
on the feasible increase in the size of the coil.

3.3.1.9 Low-Pressure Differential Evaporators

Decreasing the air-side pressure drop of an evaporator coil allows for the use of lower
power evaporator fan motors. This can be enabled through utilization of designs that reduce
restrictions to the flow of air across the coil, such as reducing the fin pitch and decreasing the
number of tube passes. Large spaces between fins and tubes also reduce “bridging” due to frost
buildup, which can completely block airflow through portions of the coil.

3.3.1.10 Case Insulation Increases or Improvements

Either increasing the insulation thickness or reducing insulation conductivity will reduce
the energy consumption of commercial refrigeration equipment. Typical baseline insulation
thickness for refrigerated display cases ranges from 1.5 inches for medium-temperature units to
2.5 inches for ice-cream temperature units. This thickness also varies by manufacturer and
model. Foamed-in-place polyurethane foam is used for most cases. Improved technology
polyurethane foam insulation can reduce conductivity, and thus case heat load. The improvement
is due mainly to the formation of smaller air cells within the foam insulation structure and better
cell-size consistency. Additionally, a variety of blowing agents are available for use on the
market, with different blowing agents resulting in different thermal properties for the foam
produced. The impact of an increase in insulation thickness or insulation quality is generally
limited for open cases because a large portion of the cooling load is due to infiltration. Cases
with doors stand to gain more significant energy savings due to increased insulation thickness
and/or quality.

3.3.1.11 Defrost Mechanisms

As the air in the refrigerated space is cooled, water vapor condenses on the surface of the
evaporator coil. In refrigerators and freezers, where the evaporator coil is below 32 °F, this water
freezes as it collects, forming a growing layer of frost. The frost reduces cooling performance by
increasing the thermal resistance to heat transfer from the coil to the air, and by obstructing
airflow. Both the method in which defrost is performed and control of the defrost cycle can lead
to increased energy savings.

There are several methods available for defrosting the evaporator coil: off-cycle defrost,
electric defrost, and hot-gas defrost. Off-cycle defrost involves shutting off refrigerant flow to
the coil while leaving the evaporator fan running. This method is used where case air is above
the freezing point of water and can be used to melt the frost. Electric defrost is used when the air
temperature is not high enough to defrost the coil, and when defrost must occur quickly to
prevent any significant rise in product temperature. Electric defrost involves melting frost by
briefly turning on an electric resistance heater that is in contact with or near the evaporator coil.
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Hot-gas defrost involves the use of the hot compressor discharge gas to warm the
evaporator from the refrigerant side. Electricity usage is reduced in comparison to the electric
defrost method because available heat, which would otherwise be rejected in the condenser, is
used. The hot gas defrost system requires more complicated piping and control than electric
defrost. An additional drawback is the thermal stress inflicted upon the refrigerant piping by the
alternating flow of hot gas and cold refrigerant.

3.3.1.12 Defrost Cycle Control

Management of frost buildup on coils is essential in ensuring continued efficient
operation of the unit. Traditionally, defrosting systems have been run on regular intervals
utilizing a simple timer. However, such systems have two possible negative consequences in that
the defroster may be run too often, resulting in wasted energy, or not often enough, resulting in
decreased system performance. Some systems have been developed that allow for control of the
termination of defrosting based on temperature; when the coils reach a specified temperature, the
defroster is turned off. However, initiation of the cycle still occurs on a periodic basis using a
timer.

Control of the defrost cycle requires the use of sensors to determine whether a defrost
cycle is needed. The data collected can consist of either the temperature drop across the coil or
detection of the physical thickness of frost buildup using photocells. The first of these two
methods is based on the idea that decreased airflow across the coil is a result of frost buildup,
meaning that the temperature differential across the coil will increase. However, there are issues
in that external factors aside from frost buildup on the coil may be the reason for decreased
airflow. The second method is more accurate but requires more sophisticated sensors. There has
been significant research performed regarding the topic of defrost cycle control, and several
manufacturers have introduced controllers that are now commercially available. However, due
largely to concerns about reliability and accuracy, these technologies have not achieved large-
scale acceptance in the commercial refrigeration equipment market.

3.3.1.13 Vacuum Insulated Panels

The importance of the amount of refrigerated volume that a unit offers and the desire to
reduce unit energy consumption suggest that technologies that would allow an increase in
insulation thermal resistivity (R-value) while maintaining insulation thickness would be of
interest. VIPs could provide such performance. VIPs consist of an outer airtight membrane
surrounding a core material to form a cavity, which is then evacuated to remove the air from the
panel. The result is a product that performs in a manner similar to a traditional vacuum flask,
resulting in greatly reduced thermal conduction per unit of thickness as compared to traditional
foam insulations. VIP technology has existed for many years, but has only recently begun to see
widespread application, most notably in residential refrigerators, due to decreasing production
costs.

3.3.1.14 Occupancy Sensors for Lighting Controls

Lighting is one of the major sources of energy consumption in commercial refrigeration
equipment. While higher efficiency lighting reduces the total lighting energy consumption, it
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could be decreased further by employing occupancy sensors to switch off or dim the display case
lighting when not necessary, such as during periods of low customer traffic and when the store is
closed. Occupancy sensors turn off or dim the case lighting when no motion is sensed near the
case for a preset period of time.

Occupancy sensors are not used with fluorescent lighting due to restarting issues at low
temperatures. However, LED lighting does not have such problems. Therefore, occupancy
sensors can be used only in conjunction with LED lighting.

3.3.2 Designs Relevant Only to Equipment with Doors

The following technologies and designs are relevant only to equipment classes with
doors: improved transparent doors, anti-fog films on transparent doors, and anti-sweat heater
controllers.

3.3.2.1 Improved Transparent Doors

Transparent doors allow refrigerated products to be displayed to consumers while
keeping cold air inside the display case. Transparent doors also generally have a lower thermal
resistance than solid insulated walls, thus allowing heat transfer into the refrigerated space at a
higher rate. In cases with transparent doors, these surfaces are responsible for a significant
portion of the case heat load. On freezers and some refrigerators, glass doors must also be heated
to prevent frost or condensation from forming on the outside. These “anti-sweat” heaters often
run continuously and consume significant amounts of energy, and also contribute to the case heat
load. Total case energy consumption can be reduced both by improving the overall insulation
value (U-factor) of the door and by reducing the required anti-sweat heater power. Improvements
to heat transfer performance could include the use of additional panes of glass and expanded use
of inert gas filled panes using argon, krypton, or xenon. The treatment of the window glass with
advanced low emissivity coatings and increasing the number of coated surfaces could also
reduce losses due to radiation heat transfer. Additionally, improvements to door frame insulation
and gasketing would reduce conduction and infiltration losses. Reductions in the anti-sweat
heater power needed can often be achieved as a function of improved conductive performance of
the door, as well as in improvements to the gasketing and other door features. This is because the
exterior surface of a better-insulated door will have a higher temperature than one with poor
insulating properties, thus making condensation on the exterior of the door less likely.

3.3.2.2  Anti-Fog Films on Transparent Doors

Most commercial refrigeration equipment with transparent doors for merchandising and
product access currently utilizes anti-sweat heaters to prevent fogging and condensation build-
up. However, there are anti-fog treatments composed of advanced hydrophobic materials that
prevent condensate from attaching or lingering on a glass surface and therefore prevent the
formation of water droplets that may obscure a customer’s view of the product. Such anti-fog
films could potentially be used on transparent doors as a static means of preventing fogging,
eliminating the need for active energy-consuming systems.
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3.3.2.3 Anti-Sweat Heater Controllers

Anti-sweat heater controllers match the run time of anti-sweat heaters to the anti-sweat
heating requirements imposed by the ambient humidity, reducing energy consumption when
ambient humidity is low. Anti-sweat heaters are used to prevent moisture condensation on
surfaces of display cases, the temperatures of which can be below the ambient dew point.

Freezer-door gaskets are a typical example of such a surface. Anti-sweat heaters on
freezer-door gaskets are typically always on, but the installation of controls that sense ambient
conditions can turn off the heaters when anti-sweat heating is not required, reducing electricity
consumption. Such control requires measuring the local dew point or relative humidity, and
measuring external surface temperatures. A particular heater can be turned on when the
temperature of a particular surface falls below the dew point, or the heaters can be cycled with
on-times increasing with dew point. Reducing anti-sweat heater on-time will also yield
additional energy savings in display-case heat load reductions, since anti-sweat heaters
contribute to case heat load.

It is possible that electric anti-sweat heaters could be replaced by a hot gas line running
around the door frame. Although manufacturers have claimed that this is a difficult technology to
implement, it has seen widespread and successful use in residential freezers.

3.3.3 Designs Relevant Only to Equipment Without Doors

The following technologies and designs are relevant only to equipment classes without
doors: air curtain design and night curtains.

3.3.3.1  Air Curtain Design

Refrigerated display cases without doors allow consumers easy access to products while
maintaining temperatures that ensure food safety. In the absence of doors, a circulated air curtain
is used to prevent infiltration and keep cold air inside the case. The refrigeration load for these
cases is dominated by infiltration, or the entrainment of warm and moist air into the curtain. This
infiltration adds both sensible and latent heat to the case, and deposits additional moisture on the
evaporator coil, which must be removed through defrosting.

Improved air curtain design is aimed at lessening the impact of infiltration by reducing
the entrainment of warm ambient air. Making the air curtain flow as laminar as possible reduces
entrainment. This involves configuring the plenum before the air curtain discharge grill to shape
the velocity profile using a honeycomb grill to align the airstreams and encourage laminar flow.
Improvements to the velocity profile and discharge air grill may enhance the performance of the
air curtain and reduce the infiltration load.

3.3.3.2  Night Curtains

Open display cases have a high rate of infiltration of warm external air into the
refrigerated cases. During store operating hours, when the refrigerated products are being taken
out by customers and restocked by staff, such infiltration losses are inevitable. However,
infiltration could be substantially reduced during the hours when the store is closed by using
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infiltration reduction mechanisms called night curtains. Night curtains typically take the form of
a flexible barrier, often composed of plastic or metalized fabric, which can be pulled down over
the open case and fastened to provide a temporary cover over the opening. These devices reduce
the heat and moisture entry into the refrigerated space through various heat transfer mechanisms.
By fully or partially covering the case opening, night curtains reduce the convective heat transfer
into the case through reduced air infiltration. Additionally, they provide a measure of insulation,
reducing conduction into the case, and also decrease radiation into the case by blocking radiated
heat from entering the refrigerated space.

3.34 Technologies and Designs Relevant Only to Self-Contained Equipment

The following technologies and designs are relevant only to self-contained equipment:
higher efficiency compressors, liquid suction heat exchangers, improved condenser coil design,
higher efficiency condenser fan motors, variable-speed condenser fan motors and condenser fan
motor controllers, and higher efficiency condenser fan blades.

3.3.4.1  Higher Efficiency Compressors

Several technologies exist to increase the efficiency of commercial refrigeration
equipment compressors. High-efficiency reciprocating and scroll compressors, sometimes
incorporating variable-speed motors, all have the potential to reduce energy consumption
compared to the traditional reciprocating compressors commonly used in commercial
refrigeration equipment.

Scroll compressors compress gas between two spirals, one fixed and one rotating. This
method is fundamentally different from that of traditional compressors. High-efficiency
reciprocating compressors are as efficient, or more efficient, than scroll compressors. However,
when compared to scroll compressors, some drawbacks exist to the use of high-efficiency
reciprocating compressors, including noise, cost, and reliability.

Variable-speed compressors are implemented through an electronic control on the
compressor motor, which allows the motor to operate at different speeds. Variable-speed
compressors reduce energy consumption in three ways:®

1. When refrigerant flow is reduced during part-load operation, the condenser and
evaporator (designed for full flow conditions) are more effective and thus more
efficient. Temperature drops decrease, resulting in reduced pressure rise across the
compressor, which also improves efficiency.

2. Close matching of load eliminates the cycling that occurs with single-stage
compressors. Maintaining a constant pressure is more efficient because losses at
higher pressure rise are greater than gains at lower pressure rise.

3. During the off cycle, the pressure in the system equilibrates. At intermediate pressure,
refrigerant vapor will condense in the cold evaporator rather than the condenser.

¢ Variable-speed compressors typically increase efficiency over a broad operating range but do not inherently
increase maximum efficiency at the compressor rating point

3-38



Essentially, some of the heat rejection load is rejected to the evaporator during this
time, reducing overall system performance. Variable-speed operation would eliminate
or significantly reduce compressor off-time and the related inefficiencies.

However, scroll and variable-speed compressor technologies have not become present in the
domestic commercial refrigeration equipment market on a significant scale, and DOE’s research
has indicated that a significant amount of research and development work would be required
before these technologies could reach the market. Instead, commercial refrigeration equipment
manufacturers often rely on compressor manufacturers to continuously update their designs for
traditional reciprocating compressors. As updated models of reciprocating compressors, usually
featuring higher efficiencies than the models they replace, appear on the market, these models
are generally incorporated into the equipment offerings of the commercial refrigeration unit
manufacturers.

3.34.2 Liquid Suction Heat Exchangers

The goal of a liquid suction heat exchanger is to further cool the flow of liquid refrigerant
entering the expansion valve using the flow of gaseous refrigerant leaving the evaporator. The
exchanger provides sub-cooling for the entering liquid by super-heating the exiting suction
vapor. Hotter suction vapor is less susceptible to heat gains in the return piping to the compressor
rack. The compressor work is increased, however, because the suction vapor has greater
enthalpy. In addition, the possibility of compressor overheating problems brought on by the
combination of increased compressor work and hotter vapor limits the use of this method in
some situations. The possibility for these problems and the potential efficiency gains from liquid
suction heat exchangers depend on several factors, including evaporator temperature, type of
refrigerant used, and system pressures. Additionally, some parties have expressed concern
regarding the reliability of liquid suction heat exchangers.

3.34.3 Improved Condenser Coil Design

Like the evaporator, the condenser is a refrigerant-to-air heat exchanger composed of
metals with high thermal conductivity, such as aluminum and copper. It is responsible for
condensing and sub-cooling the entering refrigerant vapor while rejecting heat from the
refrigerant into the ambient air.

The condenser’s saturated condenser temperature (SCT) is markedly warmer than the
ambient air, with the exact temperature differential being a function of the equipment design and
operating conditions. As with evaporator coils, increasing the area of the condenser coil or
otherwise improving its heat transfer capability will decrease the necessary AT across the coil
and therefore decrease the SCT, resulting in increased compressor efficiency (and thus increased
EER).

Enhancements to the refrigerant-side surface area of the condenser typically include
rifled or diamond-pattern tubing and an increase in the number of tube passes. Enhancements to
the air-side surface area can include increased fin pitch (decreased fin spacing), fin patterns
(wavy or zig-zag), and increased numbers of tube passes.
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Increasing the overall size of the coil in one or more dimensions without changing other
aspects of the coil is another way to increase the area. However, many applications place limits
on the feasible increase in the size of the coil.

3.3.4.4  Higher Efficiency Condenser Fan Motors

Condenser fan motors are responsible for moving air across the condenser coil and
typically run at one speed. The manufacturer matches the motor size and blade to the condenser
coil to meet the expected load on the case under most conditions. Higher efficiency condenser
fan motors reduce energy consumption by requiring less electrical power to generate motor shaft
output power. Condenser fan motors are generally of the same size and type as evaporator fan
motors. See section 3.3.1.5 for a discussion of higher efficiency fan motor technology.

3.3.45  Variable-Speed Condenser Fan Motors and Condenser Fan Motor
Controllers

Condenser fan motor controllers could allow fan motors to run at variable speed to match
changing conditions in the case. Matching the fan speed to varying conditions and heat loads
could then improve system performance, allowing the refrigeration system to run more
efficiently at different ambient humidity and temperature levels. However, under constant
ambient conditions, the energy savings benefit with condenser fan motor controllers would likely
be small.

3.34.6 Higher Efficiency Condenser Fan Blades

Conventional fans have sheet metal blades mounted to a central hub, and are generally
not optimized for the specific application in which they will be used. Instead, they are designed
for mass production and scalability in order to minimize production cost and waste. Optimization
of fan design for specific applications could significantly reduce input energy needed in order to
perform the necessary work. Higher efficiency fan blades could be capable of moving more air at
a given rotational speed when compared to traditional fan blades. This means that a smaller
motor could be used, or the existing motor could be run at a lower speed, resulting in direct
energy savings.
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CHAPTER 4. SCREENING ANALYSIS
4.1 INTRODUCTION

This chapter describes the screening analysis that the U.S. Department of Energy (DOE)
has performed in support of the energy conservation standards rulemaking for commercial
refrigeration equipment.

In the market and technology assessment (chapter 3 of this technical support document
(TSD)), DOE presented an initial list of technologies that have the potential to reduce the energy
consumption of commercial refrigeration equipment. The goal of the screening analysis is to
screen out technologies that will not be considered further in the rulemaking analyses. DOE
evaluated the list of remaining technologies using the screening criteria set forth in the Energy
Policy and Conservation Act (EPCA). (42 U.S.C. 6311-6317)

Section 325(0) of EPCA establishes criteria for prescribing new or amended standards
that are designed to achieve the maximum improvement in energy efficiency. Further, EPCA
directs the Secretary of Energy to determine whether a standard is technologically feasible and
economically justified. (42 U.S.C. 6295(0)(2)(A), as directed by 42 U.S.C. 6316(a)(1)—(3)) In
addition, EPCA establishes guidelines for determining whether a standard is economically
justified. (42 U.S.C. 6295(0)(2)(B)) In view of the EPCA requirements for determining whether
a standard is technologically feasible and economically justified, Appendix A to subpart C of 10
CFR part 430, “Procedures, Interpretations, and Policies for Consideration of New or Revised
Energy Conservation Standards for Consumer Products” (the Process Rule), sets forth
procedures to guide DOE in its consideration and promulgation of new or revised efficiency
standards. These procedures elaborate on the statutory criteria provided in 42 U.S.C. 6295(0)
and, in part, eliminate inapplicable technologies early in the process of prescribing or amending
an energy efficiency standard. In particular, sections 4(b)(4) and 5(b) of the Process Rule provide
guidance to DOE in determining whether to eliminate from consideration any technology that
presents unacceptable problems with respect to the following criteria.

Technological feasibility. Technologies incorporated in commercial equipment or in
working prototypes will be considered technologically feasible.

Practicability to manufacture, install, and service. If mass production of a technology
in commercial equipment and reliable installation and servicing of the technology could be
achieved on the scale necessary to serve the relevant market at the time of the effective date of
the standard, then that technology will be considered practicable to manufacture, install, and
service.

Impacts on equipment utility or equipment availability. If DOE determines that a
technology will have significant adverse impact on the utility of the equipment to significant
subgroups of consumers, or result in the unavailability of any covered equipment type with
performance characteristics (including reliability), features, sizes, capacities, and volumes that
are substantially the same as equipment generally available in the United States at the time, DOE
will not consider it further.
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Adverse impacts on health or safety. If DOE determines that a technology will have
significant adverse impacts on health or safety, DOE will not consider it further.

In summary, if DOE determines that a technology, or a combination of technologies, has
unacceptable effects on the policies stated in section 5(b) of the Process Rule, it will be
eliminated from consideration. If a particular technology fails to meet one or more of the four
criteria, it will be screened out. The reasons for eliminating any technology are documented in
section 4.3.

42  TECHNOLOGIES THAT DO NOT CONSISTENTLY AFFECT CALCULATED
DAILY ENERGY CONSUMPTION

DOE understands that some of the technologies presented in chapter 3 of this TSD may
potentially reduce annual energy consumption for specific pieces of equipment under certain
field operating conditions, but may not consistently reduce calculated daily energy consumption
(CDEC), as measured by the DOE test procedure, utilizing the American National Standards
Institute/American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ANSI/ASHRAE) Standard 72, Method of Testing Commercial Refrigerators and Freezers, for
all units of a given class. In some cases, while a technology may benefit a specific individual
model or unit produced by a given manufacturer, it may not necessarily be considered to have
similar effects across all units of that same equipment class, depending on the design of each
unit. Moreover, certain technologies may provide benefits within specific operating conditions
that they may encounter in some field applications, but would not produce benefits within the
scope of the ASHRAE method of test. Therefore, DOE removed from consideration those
technologies that cannot be considered to consistently affect or reduce CDEC during the tests
across the range of equipment analyzed. These technologies include higher efficiency expansion
valves, variable-speed condenser fans and condenser fan motor controllers, anti-sweat heater
controllers, and liquid-suction heat exchangers (LSHXS).

4.2.1 Higher Efficiency Expansion Valves

Higher efficiency expansion valves can reduce the annual energy consumption in some
commercial refrigeration units by controlling refrigerant flow to adapt to varying loads and
ambient conditions. However, this is largely a function of the design of a specific unit. While
some models may benefit from the use of a higher efficiency expansion valve, others may not
see the same efficiency increase due to a refrigeration system being configured differently.
Moreover, while there are small thermodynamic fluctuations during the ASHRAE 72 test, the
test as a whole is conducted under ambient and internal conditions that are held as close to
constant as possible. Much of the advantage in the field performance of improved expansion
valves arises from their ability to adapt to extreme variations in conditions, which are not likely
to be experienced during the ASHRAE 72 test. Therefore, since this technology could not be
found to have a consistent efficiency improvement effect across entire equipment classes, DOE
did not consider higher efficiency expansion valves in the engineering analysis.
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4.2.2 Variable-Speed Condenser Fans and Condenser Fan Motor Controllers

Variable-speed condenser fan motors and controllers driving the condenser fan motors
can adapt condenser operation to changing ambient temperatures (effectively by creating floating
head pressure), and thereby could reduce the energy consumption of self-contained commercial
refrigeration equipment operating in areas with varying ambient conditions. However, because
testing under the ANSI/ASHRAE Standard 72 test procedure is conducted at a constant ambient
temperature, there is little opportunity to account for the adaptive technology of varying
condenser fan motor speed to reduce CDEC. Moreover, DOE understands that condenser fan
motor controllers would function best when paired with a variable-speed modulating compressor,
a technology that DOE understands to be only in the early research and development stages of
implementation in this industry. Therefore, DOE did not consider variable-speed condenser fan
motors or condenser fan motor controllers in the engineering analysis.

4.2.3 Anti-Sweat Heater Controllers

A commercial refrigeration equipment manufacturer typically sizes anti-sweat heaters
according to the ambient temperature and humidity of a particular operating environment. The
end-user must maintain that environment to prevent condensation (i.e., fog) from forming on
surfaces such as display case glass. Anti-sweat heater controllers modulate the operation of anti-
sweat heaters by reducing anti-sweat heater power when humidity is low. Anti-sweat heater
controllers operate most effectively when a constant ambient dew point cannot be maintained.
However, in the context of the test procedure, anti-sweat heater controllers will solely serve to
keep the power to the anti-sweat heaters at the levels necessary for the test conditions. These
fixed conditions of 75 °F and 55 percent relative humidity are the conditions that ASHRAE has
determined to be generally representative of commercial refrigeration equipment operating
environments and which DOE has adopted in its test procedure. While anti-sweat heater
controllers could modulate the anti-sweat power to a further extent in the field so as to account
for more or less extreme ambient conditions, a system equipped with anti-sweat heater
controllers will not likely exhibit significantly different performance at test procedure conditions
than a unit with anti-sweat heaters tuned for constant 75/55 conditions. Therefore, DOE did not
consider anti-sweat heater controllers in the engineering analysis.

4.2.4 Liquid-Suction Heat Exchangers

An LSHX is an indirect liquid-to-vapor heat transfer device that evaporates any residual
liquid refrigerant that remains in the evaporator discharge line, and thereby minimizes the risk of
liquid refrigerant carrying over into the compressor. Generally, LSHXs are installed in
refrigeration systems to ensure proper system operation and increase system performance.
However, the performance of an LSHX is dependent on the specific design used in a given piece
of equipment, as well as other properties of the system and the operating conditions. A
combination of refrigerant type, operating temperature, ambient conditions, and other factors
determines whether an LSHX will increase or decrease the CDEC as measured by the
ANSI/ASHRAE Standard 72 test procedure. In some cases, an LSHX can produce enough of a
pressure differential across the device, which requires additional compressor energy to
overcome, that the result is a net increase in energy consumption. Manufacturers have stated that,
while an LSHX can reduce energy consumption in a lower efficiency or baseline system, these



devices often produce negative energy impacts in more advanced equipment designs. DOE has
also heard from stakeholders that LSHXs may have issues with unreliability, resulting in
refrigerant leakage and increased system energy consumption. Because LSHXs do not
consistently reduce CDEC in the equipment classes analyzed, DOE did not consider this
technology in the engineering analysis.

43  SCREENED-OUT TECHNOLOGY - AIR CURTAIN DESIGN

An air curtain is a fan-powered device that creates a moving wall (curtain) of air, which
separates two spaces of different temperatures. Air curtains are used in commercial refrigeration
equipment to minimize the infiltration of warmer external air into the refrigerated space. In its
market and technology assessment (TSD chapter 3), DOE noted that its research had presented
the possibility of advanced air curtain designs with levels of performance beyond the traditional
air curtains generally employed in open display cases being used in the commercial refrigeration
equipment industry. However, DOE has determined that advanced air curtain designs are only in
the research stage and, therefore, it would be impracticable to manufacture, install, and service
this technology on the scale necessary to serve the relevant market at the time the standard
becomes effective. Sections 4(a) and 5(b) of the Process Rule specifically set “practicability to
manufacture, install, and service” as a criterion that should be satisfied for technology to be
considered as a design option. Therefore, DOE screened out improved air curtains as a design
option for improving the energy efficiency of commercial refrigeration equipment.

44  REMAINING TECHNOLOGIES

After eliminating those technologies that do not reduce CDEC and screening out
technologies that do not meet the requirements of sections 4(a)(4) and 5(b) of the Process Rule,
DOE is considering the following technologies:

higher efficiency lighting

higher efficiency lighting ballasts

remote lighting ballast location

higher efficiency evaporator fan motors

variable-speed evaporator fan motors and evaporator fan motor controllers
improved evaporator coil design

higher efficiency evaporator fan blades

low-pressure differential evaporators

case insulation increases or improvements

defrost mechanisms

defrost cycle controls

vacuum insulated panels

occupancy sensors for lighting controls

improved transparent doors (equipment with doors only)
anti-fog films on transparent doors (equipment with doors only)
night curtains (equipment without doors only)

higher efficiency compressors (self-contained equipment only)
improved condenser coil design (self-contained equipment only)
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e higher efficiency condenser fan motors (self-contained equipment only)
e higher efficiency condenser fan blades (self-contained equipment only)
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CHAPTER 5. ENGINEERING ANALYSIS
5.1 INTRODUCTION

The engineering analysis establishes the relationship between manufacturer selling price
(MSP) and energy consumption for the commercial refrigeration equipment directly examined in
this rulemaking. This equipment includes self-contained and remote condensing commercial
refrigerators, freezers, refrigerator-freezers, and ice cream freezers, as well as self-contained
commercial refrigerators with transparent doors designed for pull-down temperature
applications. The “cost-efficiency” relationship, which depicts a manufacturer’s cost of
achieving increased equipment efficiency for a given equipment class, serves as the basis for
downstream cost-benefit calculations with respect to individual customers, manufacturers, and
the nation.

5.2 METHODOLOGY OVERVIEW

This section describes the analytical methodology that the U.S. Department of Energy
(DOE) used for the engineering analysis. In this rulemaking, DOE adopted a design option
approach to produce analytically derived curves depicting the cost-efficiency relationship for
each equipment class analyzed. In a design option approach, the goal of the analysis is to
calculate the incremental cost and energy consumption impacts of implementing specific energy-
saving technologies, known as “design options,” in a representative baseline design for a given
equipment type.

To implement the design option analysis in this rulemaking, DOE first selected specific
classes of covered equipment for which to quantitatively calculate the manufacturing cost and
daily energy consumption directly (section 5.3.1). DOE analytically developed cost-efficiency
relationships only for equipment classes with high shipment volumes, henceforth referred to as
“primary” equipment classes. Some equipment classes were not included in the direct
engineering analysis because they had low shipments volumes. These are referred to as
“secondary” equipment classes. For each primary equipment class, a “representative” unit,
intended to physically approximate a typical high-shipment-volume design currently on the
market, was defined using sets of baseline parameters and specifications gathered from market
research, industry publications, and manufacturer interviews (sections 5.3.2 and 5.5.2). This
representative unit served as the point of analysis for the modeling of the equipment class that it
represented. Baseline parameters were selected to represent the typical suite of technologies with
which entry-level commercial refrigeration units available on the market at the time of this
analysis were equipped. These parameters included specific physical attributes such as case
volume, number of fans, and standard wall thickness.

In order to explore the efficiency improvements available for use with the equipment
analyzed, DOE conducted research into energy-saving technologies applicable for
implementation into commercial refrigeration equipment. This research, performed using sources
including manufacturer interviews and reviews of trade literature, is summarized in chapter 3 of
this technical support document (TSD), Market and Technology Assessment. The results of that
analysis, a set of technology options, were compared against a set of screening criteria as
described in TSD chapter 4, Screening Analysis. The outputs of the screening analysis were
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considered in the engineering analysis, and it was from these technologies that design options
were selected for quantitative modeling (sections 5.6.3-5.6.5).

For each equipment class analyzed, DOE developed estimates of the cost to manufacture
the representative unit at the baseline and higher efficiencies. In order to facilitate this, DOE
developed estimates of the manufacturer production cost (MPC) of the unit at each design option
level. DOE estimated two separate sets of costs in the analysis. The first of these was the cost to
manufacture the refrigerated case of each representative unit. This “core case” consisted of
components, such as structural members, shelving, wiring, air curtain grilles, and trim, that did
not change at higher design option levels. Core case costs were developed through physical
teardowns and cost modeling of equipment purchased on the market during the analysis period
(section 5.4.1). The second set of cost data estimated the costs to manufacture and install the
components that make up each design option. These were elements of the equipment, including
heat exchangers, fans, glass doors, and lighting, that directly affected daily energy consumption
and thus were manipulated in the engineering analysis. The costs for the design options were
developed from a number of sources and corroborated with feedback from industry
(section 5.4.2). Core case and design option costs were coupled to yield system MPCs for each
representative unit at each level of efficiency modeled (section 5.4.3).

In order to calculate estimates of daily energy consumption for each representative unit at
each design option level examined, DOE developed an analytical model to simulate the
performance of each unit, as configured, when tested under the DOE test procedure. This model
used the representative unit specifications, design option data (section 5.6.5), test procedure
provisions, and a set of assumptions (sections 5.6.1 and 5.6.2) to produce estimates of daily
energy consumption for each equipment configuration studied. To produce these estimates, the
model calculated the heat load placed on the given piece of equipment by the ambient conditions
and heat-producing internal components. The model selected an appropriately-sized remote
condensing or self-contained compressor and then calculated the electrical input energy into the
compressor required to remove the heat load during the simulated test period. The additional
energy consumption during the test period of energy-consuming components such as fans,
defrost heaters, and lighting was also calculated, summed, and added to the compressor energy
consumption as applicable to yield estimates of daily electrical energy consumption for each
equipment configuration modeled (section 5.6.6).

DOE organized the results of the energy consumption and cost models in the form of
cost-efficiency curves for each equipment class analyzed, depicting MPC versus daily energy
consumption. To form the curves, DOE ordered the design options and their associated cost and
energy consumption data based on cost effectiveness, ranging from the baseline to the maximum
technologically feasible (“max-tech”) equipment configuration for each class. DOE then applied
manufacturer markups and added outbound freight costs to the MPC estimates to express the
relationship between MPC and MSP (section 5.5). The final result was a set of cost-efficiency
curves comparing MSP and daily energy consumption at all modeled design option levels for
each primary equipment class (section 5.7).

Energy conservation standards for the covered equipment classes take the form of linear
equations expressed as a function of refrigerated volume or total display area and defined by a
slope and y-intercept. These equations were developed using the outputs of the engineering
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analysis, with specific analysis points corresponding to calculated daily energy consumption
(CDEC) values for each class. The engineering analysis contained an ancillary calculation
necessary in developing standard-level equations for the covered equipment. Specifically, this
calculation developed the y-intercept values, referred to in the January 2009 final rule analysis as
“offset factors.” These offset factors serve to represent energy consumption end effects inherent
in equipment operation regardless of the size of the equipment, and originated out of stakeholder
concerns during the 2009 rulemaking that standards based on a single analysis point could be
insufficient to account for the energy consumption of smaller pieces of equipment. The offset
factors prevent the allowable maximum energy use from going towards zero at small volume or
total display area (TDA) values. Section 5.8 further explains the offset factor methodology that
DOE used in developing its standard-level equations.

Another auxiliary analysis sought to develop standards for the secondary equipment
classes that were not directly analyzed in the cost and energy consumption models. In the
January 2009 final rule analysis, DOE developed standards for these equipment classes using
energy-consumption conversion factors called “extension multipliers.” These factors were
developed using analytical correlations between energy-consumption values for sets of
equipment classes with similar features. The extension multipliers were then applied to the
standard-level equations developed for the primary classes to obtain standard-level equations for
secondary classes. DOE adopted these same extension multipliers in developing standard-level
equations for the notice of proposed rulemaking (NOPR) stage of this rulemaking; this
methodology is explained in detail in section 5.9.

53 EQUIPMENT CLASSES ANALYZED
53.1 Classes Chosen for Analysis

In the Framework document, DOE provided a list of nomenclature consisting of 49
equipment class designations. This list includes the 38 equipment classes for which standards
were set in the 2009 rulemaking, as well as 11 class designations for equipment covered by
standards set in the Energy Policy Act of 2005 (EPACT 2005). In its analyses for the 2009 DOE
final rule on commercial refrigeration equipment, DOE only analyzed 15 high-shipment-volume
equipment classes (“primary” classes) and then extended the standards developed from those
analyses to cover the remaining 23 equipment classes with smaller number of shipments
(“secondary” classes). 74 FR 1092, 1121 (Jan. 9, 2009). Because DOE did not receive any
comments or data indicating that there had been major changes in shipment patterns since the
2009 final rule or other reasons that would necessitate a change in the primary classes, DOE
elected to retain the primary equipment classes from the 2009 rulemaking. DOE also directly
analyzed 10 of the 11 classes consisting of equipment previously covered by the EPACT 2005
standards, with the exception of the SOC.SC.L class (a low-shipment-volume class that was
treated as a secondary class). Combined with the 15 primary equipment classes from the 2009
final rule, the result is a total of 25 primary equipment classes that were directly analyzed in this
engineering analysis and a total of 49 equipment classes for which DOE has proposed standards.

Table 5.3.1 shows the equipment classes for which amended standards are being
considered in this rulemaking, organized by equipment family, condensing unit type, and rating
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temperature, and highlights the 25 primary equipment classes that DOE directly analyzed in the
engineering analysis.

Table 5.3.1 Equipment Classes Analyzed in the Engineering Analysis

. Remote Condensing Self-Contained
Equipment ice Ice
Family Medium Low Medium Low
Cream Cream

. VOP v v X v X X
\év(;g:(s)ut SVO v X X v X X
HzO v v X v v X

VCT v v X v v v

VCS X X X v v v

With HCT X X X v v v
Doors HCS X X X v v X
SOC v X X v * X

PD *% *% *% v *% *%

v’ Primary equipment class.

x Secondary equipment class

* Class not analyzed in this rulemaking; see section 5.3.3.
** Classes not covered in the rulemaking.

HCS =  Horizontal Closed Solid. SVO = Semi-Vertical Open.

HCT = Horizontal Closed Transparent. VCS =  Vertical Closed Solid.
HZO=  Horizontal Open. VCT =  Vertical Closed Transparent.
PD = Pull-Down. VOP = Vertical Open.

SOC = Service Over Counter.

The engineering analysis specifically considered refrigerators (medium temperature),
freezers (low temperature), and ice-cream freezers (ice-cream temperature) individually, but it
did not explicitly consider refrigerator-freezers (combinations of compartments at medium and
low temperatures) directly. Instead, DOE plans to maintain the approach used in the 2009 final
rule, in which DOE developed a method to combine the standards for refrigerators, freezers, and
ice-cream freezers to create standards for refrigerator-freezers. Similarly, while the engineering
analysis did not explicitly consider hybrid equipment, consisting of multiple compartments from
different equipment families contained in a single unit, the 2009 final rule presented a
methodology for combining standards to create standards for hybrid units. DOE intends to
preserve that methodology for use with all of the equipment covered this rulemaking. The 2009
final rule Federal Register notice describes this methodology in detail. 74 FR 1092, 1122
(Jan. 9, 2009).

5.3.2 Baseline Equipment

For the engineering analysis, DOE modeled each primary class starting at a baseline
design option level, increasing unit efficiency as design options were upgraded to higher
technology levels. Baseline efficiencies were established by reviewing available manufacturer
data regarding equipment available at the time of the analysis and selecting components and
design features that were representative of the most basic, widely manufactured models being
sold on the market. Due to the timing of this analysis, the units for sale on the market that DOE
examined were not necessarily in compliance with the January 2009 final rule. This is because
the January 2009 final rule standards had a compliance date of January 1, 2012, falling after the
time frame for the NOPR engineering analysis. Therefore, DOE instead retained the baseline
specifications and associated technologies used in the January 2009 final rule engineering
analysis and expanded its sets of representative equipment specifications to include the
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equipment classes covered under standards established by the Energy Policy and Conservation
Act (EPCA). DOE believes that this is the best approach to addressing the baseline for this
equipment, because sufficient information on equipment compliant with the 2009 standards was
not available at the time of the engineering analysis.

5.3.3 Service over Counter Equipment

In the preliminary analysis for this rulemaking, DOE chose not to include the SOC.SC.M
equipment class in the engineering analysis because of ongoing issues with the standards set for
that class by EPACT 2005. Standards prescribed in EPCA, as amended by EPACT 2005, for
self-contained refrigerators and freezers with doors were based on the California Energy
Commission Appliance Efficiency Regulations published in April 2005. (CEC-400-2005-012,
section 1605.3) The California Energy Commission regulations set standards for “reach-in
cabinets, pass-through cabinets, and roll-in or roll-through cabinets.” However, EPCA does not
explicitly outline such equipment subsets beyond defining the terms “commercial refrigerator,
freezer, and refrigerator-freezer” and “self-contained condensing unit,” among other definitions
related to this equipment. These EPCA definitions resulted in the application of these standards
to all self-contained refrigerators, freezers, and refrigerator-freezers, including SOC.SC.M.

In December 2009, DOE’s Office of Hearings and Appeals (OHA) responded to an
application for exception relief from a manufacturer of service over counter equipment. This
manufacturer argued that it was entitled to relief because its service over counter units could not
meet the EPACT 2005 standards for self-contained equipment with doors. OHA responded that
DOE did not have jurisdiction to consider such exceptions for equipment covered by the
statutorily mandated standards. (Case no. TEE-0066, Dec. 29, 2009)

In response to the concerns manufacturers expressed in comments at the Framework
public meeting and in written comments, as part of its preliminary analysis for this rulemaking
DOE compared the standards set for a specific type of service over counter units in the 2009
final rule, namely remote condensing medium-temperature units, with the EPACT 2005
standards for self-contained commercial refrigerators with transparent doors, which include self-
contained service over counter units. For a full description of the analysis and results, please see
section 5.3.3 of the preliminary analysis TSD chapter 5. This analysis showed that SOC.SC.M
equipment was not capable, even at the max-tech level, of meeting the required standard level set
by EPACT 2005 for self-contained refrigerators with transparent doors. For that reason, and
because DOE did not have the authority to lessen the stringency of the legislatively prescribed
EPACT 2005 standards, DOE excluded SOC.SC.M equipment from its analysis.

In December 2012, while the NOPR analysis for the current rulemaking was in progress,
the American Energy Manufacturing Technical Corrections Act (AEMTCA), Pub. L. 112-210
(2012), amended EPCA to establish standards for self-contained service over counter
refrigerators that belong to the equipment class SOC.SC.M. Paragraph (3) of section 4 of
AEMTCA states as follows: “Each SOC-SC-M manufactured on or after January 1, 2012, shall
have a total daily energy consumption (in kilowatt hours per day) of not more than 0.6 x TDA +
1.0.” AEMTCA also directed DOE to determine, within three years of January 1, 2012, whether
the standard established for equipment class SOC.SC.M should be amended, and if DOE

5-5



determines that the standard should be amended, DOE should issue a final rule establishing an
amended standard within 3 years of January 1, 2012.

The inclusion of this language in EPCA by way of AEMTCA allowed DOE to fully
analyze the SOC.SC.M equipment class along with all other primary equipment classes in this
rulemaking, and to propose a standard level to satisfy the requirement that DOE make a
determination of amendment of standards within 3 years of January 1, 2012.

54  COST MODEL

One major output of the engineering analysis is the development of costs for the
representative units analyzed at the baseline and at each higher design option level. These values
were developed using a cost model that was divided into two parts for this rulemaking. The first
of these was as standalone core case cost model, based on physical teardowns, that was used for
developing the core case costs for the cabinets of each of the 25 directly analyzed classes. These
core case costs consisted of the costs to manufacture the refrigerated case itself, consisting of
structural members, insulation, shelving, wiring, etc., without the components that could directly
affect energy consumption. The second part of the cost model was a component of the
engineering analytical model, and operated in unison with the energy consumption model). This
model received inputs in the form of the core case costs and the prices for design options
implemented at and above the baseline, such as baseline and improved glass doors, higher-
efficiency compressors, and higher-efficiency lighting. These two sets of data (core case costs
and design option costs) were used to build up total system costs for each representative unit at
each design option level modeled.

54.1 Development of Core Case Costs

The development of the case costs was based on physical teardowns of units available on
the market at the time of the analysis. The first step in the assessment was the creation of a
complete and structured bill of materials (BOM) from the disassembly of commercial
refrigeration equipment from selected equipment classes. DOE dismantled each unit and
characterized each part of the units according to weight, manufacturing processes, dimensions,
material, and quantity. The result was a set of BOMs that included the costs for materials,
components, and fasteners, and contained estimates for the cost of raw materials and purchased
parts, and other costs such as labor, depreciation, and overhead costs. DOE based assumptions
about the sourcing of parts and in-house fabrication on industry experience, information from
trade publications, and discussions with manufacturers. DOE conducted interviews and plant
visits with manufacturers to ensure accuracy in methodology and pricing.

The BOMs from the teardowns were fed into a factory model to produce estimates of
MPCs for each of the units analyzed. Those estimates were then expanded to produce case costs
for the equipment classes not directly examined via teardown. The cost model was based on
production activities and divided factory costs into the categories shown in Table 5.4.1.
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Table 5.4.1 Cost Model Output Classifications

Major
Category

Sub-Category

Description

Raw materials (e.g., coils of sheet metal) and purchased parts (e.g.,

Material Costs Direct fasteners, wiring)
Indirect Supplies (e.g., welding rods, die oil, release media)
Assembly Parts / unit assembly on manufacturing line
Fabrication Conversion of raw material into parts ready for assembly
Fraction of overall labor not associated directly with equipment
Labor Indirect fabrication or assembly (e.g., forklift drivers, quality control,

purchasing of raw material and tools)
Fraction of assembly, fabrication, and indirect labor is paid a higher
wage

Supervisory

Equipment, Conveyor, Straight-line depreciation over expected life.

- Building
Depreciation - - - -
. Cost is allocated on a per-use basis or obsolescence, whichever is
Tooling
shorter
. A fixed fraction of all material costs meant to cover electricity and
Utilities .
other utility costs
Other Facility and
Equipment Based on installed equipment and tooling investment
Overhead .
Maintenance
Property Tax and A fixed fraction based on total unit costs
Insurance

The cost model analysis created cost estimates for each of the commercial refrigeration
equipment units analyzed. The cost model used certain assumptions to provide cost estimates;
the following sections describe those assumptions.

54.1.1 Selection of Units for Teardown Analysis

The selection of units for physical teardown analysis was performed in a manner so as to
allow for the greatest coverage of the range of equipment modeled in this analysis and to provide
sufficient data to allow for the expansion of the modeling to classes for which teardowns were
not performed. This equipment covered all of the equipment families except for the HZO family,
and spanned all three of the DOE rating temperatures. All of the equipment selected for teardown
was self-contained equipment so that DOE could gain additional data for its modeling of other
components (e.g., coils and compressors) by analyzing the self-contained refrigeration systems.
The equipment was chosen from the product lines of major manufacturers and at sizes similar to
what DOE had determined to be an appropriate representative unit size for the given equipment
class. All of the equipment selected for teardown analysis was at the current market baseline,
without any customization or options intended to improve energy efficiency beyond the standard
catalog offerings.

54.1.2 Manufacturer Production Cost Estimates and Assumptions

MPC includes the sum of direct labor, direct material, and overhead, including
investment depreciation. The cost of specific models—or costs to individual
manufacturers—will vary, depending on the equipment’s precise characteristics, the actual
manufacturing processes, the equipment mix in the factory, and other elements. There are also
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considerable differences in the levels of vertical integration (companies with a large market share
and/or revenue base tend to be more vertically integrated than their smaller competitors) that
affect cost structure and thus the cost of equipment. Yet, DOE assumed that all manufacturers
buy at least some of their parts and/or subsystems from outside vendors.

The commercial refrigeration equipment market includes manufacturers that build a wide
range of equipment—from mass-produced equipment to tailored, one-of-a-kind units. Most
equipment listed in catalogs consists of general-purpose models that can then be customized to
meet the particular needs of customers. Depending on the manufacturer and the degree of
customization, engineering costs can thus represent a significant portion of the MPC for some
producers of this equipment.

DOE built a parametric model that allowed the scaling of most input factors. The
assumptions behind the model are based on published data by manufacturers, general industry
practice (based on site visits), manufacturer interviews, and previously published DOE reports.
DOE compared the model results to published unit data and list prices. For example, DOE
compared listed shipping weights with the calculated weights for cabinets of representative units
as a method of checking its results.

The lack of detailed teardowns for every equipment class and the varying degrees of
vertical integration in the industry made calculating representative investment requirements
difficult. Not only does the market share vary for each manufacturer across every equipment
class, the scale of operations also varies greatly. It is also quite likely that high-volume
manufacturers derive a cost advantage based on their purchasing volume for common raw
materials and purchased parts alike. Lacking detailed data, DOE did not try to account for low-
versus high-volume purchasing power in the development of the cost model, instead using
industry-averaged aggregate data to represent all equipment offerings modeled.

5413 Structure of the Cost Model

DOE used a detailed, component-focused manufacturing cost assessment methodology to
estimate the MPC of each equipment class analyzed in the cost model, taking into account, for
example, direct materials, direct labor, and factory overhead costs.

Following the development of detailed BOMs for each piece of equipment physically
examined, DOE identified the major manufacturing processes and developed the spreadsheet
model. Table 5.4.2 lists these examples of these processes.

Table 5.4.2 Examples of Major Manufacturing Processes
Fabrication Finishing Assembly/Joining

Fixturing Washing Adhesive bonding

Stamping/pressing Powder coating Spot welding

Brake forming De-burring Seam welding

Cutting and shearing Polishing Inspecting and testing

Insulating - -

DOE estimated fabrication process cycle times and entered them into the BOM. For this
analysis, DOE estimated an average fully burdened hourly cost of labor based on the typical



annual wages and benefits of industry employees. In the final step of the cost assessment, DOE
estimated assembly times and associated direct labor costs.

Once the cost estimate for each unit was finalized, DOE prepared a detailed summary of
relevant components, subassemblies, and processes. Because the intent of this cost modeling
sub-analysis was solely to yield costs for the refrigerated case structures and not the design
option components, assemblies accounted for by the design options (e.g., glass doors, heat
exchangers) were stripped away from the BOMs for each unit. The result was a set of costs
corresponding to the MPCs for the core cases of each of the unit types analyzed.

The final step in the cost modeling process was to expand the results to apply to the
remainder of the primary equipment classes for which teardowns were not performed. To
achieve this, DOE added parametric scaling features to the model, which allowed the teardown
units to be virtually scaled by size within the model. It also allowed material types, numbers of
components, etc. to be modulated in order to best simulate the construction of representative
units from other equipment classes. DOE incorporated features into these additional BOMs to
reflect the necessary changes between equipment classes. For example, receiver valves were
added to the models for remote condensing cases, and additional insulation thickness was taken
into account for ice cream equipment. DOE utilized manufacturer data sheets and information
gathered from interviews to aid in the modeling of these cases. The end result was a full set of 25
core case costs, which served as the starting point for the development of whole-system costs at
the baseline and improved design option levels in the engineering model.

54.1.4 Material Prices

The cost model uses multiple proprietary databases to determine raw material costs and
purchased part prices. Most prices are based on the most up-to-date data that the DOE has been
able to obtain. The sole exceptions are metals prices, which are averaged over a 5-year period to
reduce price volatility. Metals prices can have a large impact on the overall raw material costs
and picking any particular point in time to select a raw material cost may hence lead to a
distorted MPC.

As a general example, most refrigeration appliances contain significant amounts of
copper in their heat exchangers, tubing, etc. Additionally, commercial refrigeration equipment is
frequently externally clad in stainless steel for wash-down purposes. Figure 5.4.1 depicts copper
and 304-series stainless steel price trends in the United States from 2002 to mid-2012. Note the
extreme dip for both stainless steel and copper raw material costs in 2008. The price of copper
more than halved from its previous high in 2007, a level that copper has since surpassed. In the
example, the 5-year average price for copper is currently nearly a $1/lb lower than the current
price while the two prices are about equivalent for 304-series stainless steel.
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Figure 5.4.1 Copper and Stainless Steel Price Trends

By averaging metals raw materials costs over a 5-year period, the analysis is less affected
by metals price volatility. The swings for other inputs (e.g., plastics, purchased parts) are not as
pronounced and hence current prices are used for them. Past quotes for materials and purchased
parts are inflated using Bureau of Labor Statistics data and other sources, such as American
Metal Market. Purchased part prices and raw material costs are reviewed with manufacturers at
the appropriate purchasing volumes for accuracy.

54.15 Results

The result of the development of the core case cost model, generation of BOMs,
parameterization, and extension of the cost model to classes for which physical teardowns were
not performed was a set of 25 core case cost values. These values comprise the cost, for each
representative unit, of manufacturing the housing, structural members, shelving, solid doors,
wiring, and other components of the refrigerated case that do not vary by design option level.
These core costs were entered into the engineering model and served as the starting points from
which the costs of the units at various design option levels were developed.

5.4.2 Design Option Costs

Design option costs were developed independently of costs for the core case and were
procured through a combination of manufacturer estimates, wholesalers’ prices, list prices, and
other sources. These data included the pricing information for components, including glass
doors, compressors, lighting, heat exchangers, night curtains, and other componentry considered
as design options. For a listing of all components considered as design options, please see
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section 5.6.5. Data provided by industry through interviews were aggregated across all
manufacturers and, where relevant, combined with cost data obtained from other sources to
provide a general estimate of the prices paid by industry for baseline and higher efficiency
components for each design option. For further details regarding the specific design options,
please see section 5.6.5.

54.2.1 Light-Emitting Diode Price Forecasting

After release of the preliminary analysis documents for this rulemaking, DOE received
comments from stakeholders stating that forecasts of the light-emitting diode (LED) lighting
industry, including those performed by the Department, suggest that LED lighting is an emerging
technology that will continue to experience significant price decreases in coming years. For this
reason, in an effort to capture the anticipated cost reduction in LED fixtures in the analyses for
this rulemaking, DOE incorporated price projections from its Solid State Lighting program into
its MPC values for the primary equipment classes. The price projections for LED case lighting
were developed from projections developed for the DOE’s Solid State Lighting Program’s 2012
report, Energy Savings Potential of Solid-State Lighting in General Illumination Applications
2010 to 2030 (“the energy savings report”). In the appendix of this report, price projections from
2010 to 2030 were provided in $/klm for LED lamps and LED luminaires. DOE analyzed the
models used in the Solid State Lighting program work and determined that the LED luminaire
projection would serve as an appropriate proxy for a cost projection to apply to refrigerated case
LEDs.

The price projections presented in the Solid State Lighting program’s energy savings
report are based on the DOE’s 2011 Solid State Lighting R&D Multi-Year Program Plan
(MYPP). The MYPP is developed based on input from manufacturers, researchers, and other
industry experts. This input is collected by the DOE at annual roundtable meetings and
conferences. The projections are based on expectations that depend on the continued investment
into solid-state lighting by the DOE.

DOE incorporated the price projection trends from the energy savings report into its
engineering analysis by using the data to develop a curve of decreasing LED prices normalized
to a base year. That base year corresponded to the year when LED price data was collected from
catalogs, manufacturer interviews, and other sources for the NOPR analyses of this rulemaking.
DOE started with this LED cost data specific to commercial refrigeration equipment and then
applied the anticipated trend from the energy savings report to forecast the projected cost of LED
fixtures for this equipment at the time of required compliance with the proposed rule (2017).
These 2017 cost figures were incorporated into the engineering analysis as comprising the LED
cost portions of the MPCs for the primary equipment classes.

54.3 Representative Unit Manufacturer Production Cost Values

For each representative unit analyzed in the engineering analysis, the analytical model
calculated a cost at the baseline, as well as a cost at each design option level above the baseline
up to the max-tech level. This was achieved by starting with the core case cost, developed as
discussed in section 5.4.1, and adding to it the costs of the design options needed to represent all
the components in a complete unit of the given equipment class. For example, a VCT self-
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contained refrigerator would require the core case cost plus the cost of its evaporator and
condenser coils and fans, compressor, glass doors, and lighting to yield a baseline MPC. For
units above the baseline, costs for improved design option levels were substituted by the
analytical model in the order in which those design options were implemented.

9.5 MANUFACTURER SELLING PRICE

The MSP is the price of the equipment when it is sold by the manufacturer to the first
party in the distribution chain. It includes all direct and indirect production costs, manufacturer
markup, and the cost of shipping the units from the manufacturer to the first party in the
distribution chain. The components of MSP are shown in greater detail in Figure 5.5.1.

MSP
Manufacturer Markup
Manufacturer Production Cost Non Production Costs Profit L
Selling, Shipping
Direct Direct . Gen.er.al, an'd Research & Other
N Material Overhead || Depreciation Administrative | | | Development Costs EBIT
Labor Costs Costs

Figure 5.5.1 Components of Manufacturer Selling Price

The MSP is expressed as the product of the MPC and the manufacturer markup, added to
the outbound shipping cost, as shown in Eqg. 5.1:

MSP = MPC x markup + shipping
Eqg. 5.1

The markup and shipping costs are described in the following subsections.
55.1 Manufacturer Markup

In its engineering analysis, DOE included manufacturer markup in the estimates of MSP.
This markup consists of a value applied to the MPC estimates that accounts for non-production-
cost elements of the MSP, including selling, general and administrative costs, research and
development, interest, and profit. The manufacturer markup was calculated as a market share
weighted average value applied to the entire industry. DOE developed this manufacturer markup
by examining several major commercial refrigeration equipment manufacturers’ gross margin
information from annual reports and Securities and Exchange Commission (SEC) 10-K reports.
Most of these companies are subsidiaries of more diversified parent companies that manufacture
equipment other than commercial refrigeration equipment. Because the 10-K reports do not
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provide gross margin information at the subsidiary level, the estimated markups represent the
average markups that the parent company applies over its entire range of equipment offerings
and does not necessarily represent the manufacturer markup of the subsidiary. In its preliminary
analysis, DOE estimated the average manufacturer markup to be 1.39. Based on further analysis
and discussion with manufacturers during the NOPR stage of this rulemaking, DOE has adjusted
this average manufacturer markup value to 1.42.

55.2 Representative Units

For each of the primary equipment classes analyzed in the engineering analysis, DOE
developed a representative unit for which the cost and energy consumption would be modeled at
each design option level.

DOE defined each representative unit quantitatively in the form of a set of design
specifications at the baseline. These specifications included case dimensions, numbers of
components, nominal power ratings, and other features that were necessary to calculate the
energy consumption of a given unit. Table 5.5.1 shows the specifications that DOE defined for
each representative unit. Not all specifications shown are applicable to every equipment class
modeled (e.g., specifications relating to doors would be inapplicable to open equipment).

Table 5.5.1 Representative Unit Specifications

Specification Units
Case length ft
Case gross refrigerated volume ft3
Case total display area ft2
Number of doors #
Single door area ft2
Non-door glass area ft2
Non-door anti-sweat power W
Wall area (ft?) ft2
Insulation thickness In.
Case interior surface area ft?
Air curtain angle from vertical °
Infiltrated air mass flow Ib/hr
Number of bulbs in conditioned space #
Number of bulbs not in conditioned space #
Number of ballasts in conditioned space #
Number of ballasts not in conditioned space #
Evaporator fan nominal rated wattage W
Number of evaporator fans per case #
Condenser fan nominal rated wattage W
Number of condenser fans per case #
Discharge air temperature (DAT) °F
Baseline evaporator temperature (SET) °F
Baseline saturated condenser temperature (SCT) °F
Compressor oversize multiplier #
Defrost mechanism n/a
Defrost time per day hr
Defrost and drain heater power W
Condensate pan heater power W
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In conjunction with the lowest technological level of each design option (section 5.6.5),
these specifications were used in the engineering model to define the energy consumption and
cost of baseline equipment on the market. The specifications that did not vary as a function of
any design option (e.g., case volume) were held constant from the baseline through to the max-
tech configuration. Others (e.g., discharge air temperature) were modified due to the
implementation of higher technological levels of various design options. At these higher design
option levels, the updated specifications were used to produce cost-efficiency data for more
efficient equipment.

DOE established the baseline design specifications by reviewing available manufacturer
data for equipment models offered across the range of available units within a given class.
DOE focused this review on units exhibiting sizes and design characteristics that DOE had found
through its market research to be most representative of the highest shipment volume offerings at
the baseline for each equipment class analyzed. The aggregated data from this analysis were used
to develop a representative unit for each equipment class with typical characteristics for physical
parameters (e.g., volume, TDA) and design features (e.g., number of fans, number of light
fixtures). Appendix 5A of this TSD provides these numerical specifications for each equipment
class.

55.3 Shipping Costs

The third constituent component of the MSP, in addition to the MPC and the
manufacturer markup, is the cost to ship the unit from the manufacturing facility to the first point
on the distribution chain. Manufacturers stated that the specific party (manufacturer or buyer)
that incurs that cost for a given shipment may vary based on the terms of the sale, the type of
account, the manufacturer’s own business practices, and other factors. However, for consistency,
DOE includes shipping costs as a component of MSP. In calculating the shipping costs, DOE
first gathered estimates of the costs to ship a full trailer of manufactured equipment an average
distance in the United States. DOE then used the representative unit sizes to calculate a volume
for each unit. Along with the dimensions of a shipping trailer and a loading factor to account for
inefficiencies in packing, DOE used this cost and volume information to develop an average
shipping cost for each equipment class directly analyzed.

5.6 ENERGY CONSUMPTION MODEL

The energy consumption model is the second key analytical model used in constructing
cost-efficiency curves and is implemented in the engineering analysis spreadsheet. This model
estimates the CDEC of commercial refrigeration equipment in kilowatt-hours (kWh) at various
performance levels using a design option approach. The model is specific to the types of
equipment covered under this rulemaking (described in chapter 3 of the TSD), but is sufficiently
generalized to model the energy consumption of all covered equipment classes. DOE developed
the energy consumption model, coupled with the system cost model, as a Microsoft Excel
spreadsheet.

For a given equipment class, the model estimates the daily energy consumption for the

baseline and the energy consumption of subsequent levels of performance above the baseline.
The model calculates the energy consumption of each design option level separately.
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5.6.1 Non-Numerical Assumptions

In developing the energy consumption model, DOE made certain general non-numerical
assumptions about the analysis, as well as specific assumptions about load components and
design options.

DOE based its analysis on the modeling of new equipment tested in a controlled-
environment chamber subjected to the provisions of the DOE commercial refrigeration
equipment test procedure. 77 FR 10292 (February 21, 2012). This test procedure incorporates
Air-Conditioning, Heating, and Refrigeration Institute (AHRI) 1200-2010, which references the
American National Standards Institute (ANSI)/American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE) Standard 72-2005 (ASHRAE 72), Method of Testing
Commercial Refrigerators and Freezers. Lighting occupancy sensors and scheduled controls, as
well as night curtains, were modeled in the energy consumption model as specified in the DOE
test procedure. Manufacturers that certify their equipment to comply with Federal standards will
be required to test new units to this test method, which specifies ambient temperature, humidity,
light level, and other requirements.

In performing the energy consumption calculations, DOE used normalized hourly
refrigeration load values for calculating compressor power. When options such as lighting
controls and occupancy sensors or night curtains were implemented over a portion of the 24-hour
period, the energy savings during these periods were distributed across all 24 hours. Then, the
average heat load per hour was used in combination with the calculated compressor energy
efficiency ratio (EER) to determine daily compressor energy consumption. However, the model
selected the appropriate compressor size based upon the maximum load (i.e., the load without
night curtains or occupancy sensors) to ensure sufficient heat-removal capacity. Normalization of
heat loads was performed for the purposes of simplifying calculations and does not impact the
final results.

DOE did not include a pull-down load associated with re-shelving products because the
test procedure does not address product re-shelving. Product re-shelving is the act of loading new
products into refrigerated display cases as existing products are sold. Typically, commercial
refrigeration equipment is not designed to pull down the temperature of warm products, but only
to display products that were already chilled or frozen in a refrigerated storage unit. An
exception to this is in the case of beverage merchandisers, which are represented by the pull-
down class included in this rulemaking analysis; however, this equipment is still tested at steady
state, so pull-down load effects will not be quantified by testing.

While DOE did account for the heat load introduced into a case by defrost heaters, as
well as the energy consumption of those heaters, DOE assumed that there are no pull-down loads
associated with post-defrost periods. During defrost periods, the compressor (or the flow of
refrigerant for remote condensing cases) stops and the coil warms to a temperature above
freezing (aided by electric resistance heating in the case of electric defrosts). After the evaporator
coil has been cleared of frost, the merchandise in the case will typically have warmed several
degrees. The merchandise must be returned to normal operating temperature when the
refrigeration cycle resumes, adding an additional load to the condensing unit. Between
equipment families and even within equipment classes there is a large variation in defrost
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mechanism, defrost cycle time, temperature recovery time, and product mass. Because of the
uncertainty of these factors, DOE was unable to calculate the defrost pull-down load with
sufficient certainty and did not include it in the model, but understands the impact of this
phenomenon on daily energy consumption to be very small.

5.6.2 Numerical Constants and Assumptions

In developing the energy consumption model, DOE identified constants and made
assumptions concerning numerical values used in the analysis. These include ambient conditions,
financial assumptions, and parameters necessary to calculate the component and non-electric
loads. Table 5.6.1 shows details of these assumptions.

Table 5.6.1 Energy Consumption Model Numerical Constants and Assumptions

Numerical Constants and Assumptions Value Source
Test chamber temperature (°F) 75 ASHRAE 721
Test chamber relative humidity (%) 55 ASHRAE 72!

Test chamber pressure (pounds per square in

(psi), absolute) 14.7 | Assumed

Manufacturer markup ($/$) 1.42 Publicly available corporate financial data
Fraction of anti-sweat heater power into case DOE estimate based on discussions with
0.7
(W/W) manufacturers
Fraction of lighting power into case for 05 Electric Power Research Institute (EPRI),
lighting outside of air curtain (W/W) ' Supermarket Simulation Tool v3.02
Lighting operating time per day (hr) 24 Assumed — for cases without occupancy sensors
Convective film coefficient inside case walls 4.00 Communication with the Southern California Edison
(Btu/hr-ft?-°F) ' Refrigeration & Thermal Test Center (RTTC)

Convective film coefficient outside case

walls (Btu/hr-ft2-°F) 1.46 Communication with RTTC

Overall U-factor of single-pane glass Lawrence Berkeley National Laboratory WINDOW

1.059

(Btu/hr-ft2-°F) 5 Software®

Emissivity of test chamber walls (-) 0.9 Communication with RTTC

Emissivity of case inner walls (-) 0.9 Communication with RTTC

Area of test chamber walls (ft?) 1,000 Communication with RTTC

Case interior relative humidity (%) 65 isEzgzlge}]rg:;rlrzlgl,cll\je;\je?rllzzlrailgggie Refrigeration,
Evaporator coil overall bypass factor (%) 17 DOE estimate

High-efficiency compressor cost premium 5% Communication with manufacturers
High-efficiency compressor power reduction 10% Communication with manufacturers

5.6.3 Screened-In Technologies

The technology options that were analyzed (i.e., were not screened out as part of the
screening analysis, chapter 4) are as follows:

higher efficiency lighting

higher efficiency lighting ballasts

remote lighting ballast location

higher efficiency evaporator fan motors

variable-speed evaporator fan motors and evaporator fan motor controllers
improved evaporator coil design
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higher efficiency evaporator fan blades

low-pressure differential evaporators

case insulation increases or improvements

improved transparent doors

defrost mechanisms

defrost cycle controls

vacuum insulated panels

occupancy sensors for lighting controls

anti-fog films on transparent doors

night curtains (equipment without doors only)

higher efficiency compressors (self-contained equipment only)
improved condenser coil design (self-contained equipment only)
higher efficiency condenser fan motors (self-contained equipment only)
higher efficiency condenser fan blades (self-contained equipment only)

56.4 Screened-In Technologies Not Considered in the Engineering Analysis

In the market and technology assessment (chapter 3 of the TSD), DOE defined an initial
list of technologies that can reduce the energy consumption of commercial refrigeration
equipment. In the screening analysis (chapter 4), DOE first shortened this list by eliminating
from consideration those technologies that could potentially reduce field energy consumption of
commercial refrigeration equipment but do not reduce energy consumption as measured by the
DOE test procedure, because the test procedure conditions and requirements do not allow for
these technologies to have a significant impact on the energy consumption values. These include
location of remote lighting ballasts, variable speed evaporator motors and evaporator fan motor
controllers, higher efficiency evaporator and condenser fan blades, insulation low-pressure
differential evaporators, defrost cycle controls, and defrost mechanisms.

5.6.4.1  Remote Lighting Ballast Location

Relocation of fluorescent lamp ballasts outside the refrigerated space can reduce energy
consumption by lessening the refrigeration load on the compressor. However, for the majority of
commercial refrigeration equipment currently manufactured, ballasts are already located in
electrical trays outside the refrigerated space, in either the base or top of the equipment. The
notable exceptions are the equipment classes in the VCT equipment family, where ballasts are
most often located on the interior of each door mullion.

Most commercial refrigeration equipment manufacturers purchase doors for VCT units
that are preassembled with the entire lighting system in place rather than configured for separate
ballasts. DOE believes that most commercial refrigeration equipment manufacturers choose
these kinds of doors because it would be labor intensive and time consuming to relocate these
ballasts at the factory and wire separate ballasts. This also aligns with the manufacturing
practices of the door manufacturers, who often produce similar door designs, with integrated
lighting, for many equipment types. Also, the potential energy savings are small because modern
electronic ballasts are very efficient and do not significantly impact the refrigeration load.
Therefore, DOE did not consider remote relocation of ballasts as a design option.
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5.6.4.2 Variable-Speed Evaporator Fan Motors and Evaporator Fan Motor
Controllers

Variable-speed evaporator fan motors, as well as evaporator fan motor controllers, allow
fan motors to run at variable speed to match changing conditions inside the case. In practice,
there is some opportunity for energy savings because the pressure drop of air moving across the
evaporator coil varies significantly depending on the level of frost buildup on the coil.
Theoretically, less fan power is required when the coil is free of frost, and variable-speed motors
or controllers could adapt motor operation to these conditions. Moreover, such a system would
also allow the coil to operate at a more stable temperature during frost buildup by varying fan
speed proportionally.

However, there are also negative attributes to the implementation of such technologies.
For example, the effectiveness of the air curtain in equipment without doors is very sensitive to
changes in airflow, and fan motor controllers could disrupt the air curtain. The potential of
disturbance to the air curtain, which could lead to higher infiltration loads, does not warrant the
use of evaporator fan motor controllers in equipment without doors, even if there were some
reduction in fan energy use. With respect to equipment with doors, DOE, in its discussions with
manufacturers, found that there are concerns in industry about the implementation of variable-
speed fan technology due to the need to meet food safety and maximum temperature
requirements. Varying the fan speed would reduce the movement of air within the case,
potentially leading to the development of “hot spots” in some areas of the case, where
temperatures could exceed the desired value. Some industry representatives also stated that the
use of such controllers could have unintended consequences, in which fans would be
inadvertently run at full power to attempt to overcome a frosted or dirty coil, resulting in wasted
energy. Due to the uncertainties that exist with these technologies, DOE did not consider
variable-speed evaporator fan motors or evaporator fan motor controllers as a design option.

5.6.4.3  Higher Efficiency Evaporator and Condenser Fan Blades

Higher efficiency evaporator and condenser fan blades reduce motor shaft power
requirements by moving air more efficiently. Current technology used in commercial
refrigeration equipment is stamped sheet metal or plastic axial fan blades. These fan blades are
lightweight and inexpensive. DOE was not able to identify any axial fan blade technology that is
significantly more efficient than what is currently used, but did identify one alternative fan blade
technology that might improve efficiency: tangential fan blades. They can produce a wide, even
airflow, and have the potential to allow for increased saturated evaporator temperature (SET)
through improved air distribution across the evaporator coil, which would reduce compressor
power. However, tangential fan blades in small sizes are themselves less efficient at moving air,
and thus require greater motor shaft power. Because of these competing effects, DOE did not
consider tangential fan blades as a design option.

5.6.4.4  Low-Pressure Differential Evaporators

Low-pressure differential evaporators reduce energy consumption by reducing the power
of evaporator fan motors, often by increasing the air gap between fins. However, in space-
constrained equipment such as commercial refrigeration equipment, this reduction usually comes
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from a decrease in evaporator coil surface area, which generally requires a lower SET to achieve
the same discharge air temperature and cooling potential. This, in turn, results in a reduction in
compressor efficiency. Because of these competing effects, DOE did not consider low-pressure
differential evaporators as a design option.

5.6.4.5 Defrost Cycle Control

Defrost cycle control can reduce energy consumption by reducing the frequency and
duration of defrost periods. The majority of equipment currently manufactured already uses
partial defrost cycle control in the form of cycle temperature-termination control. However,
defrost cycle initiation is still scheduled at regular intervals. Full defrost cycle control would
involve a method of detecting frost buildup and initiating defrost. As described in the market and
technology assessment (chapter 3), this could be accomplished through an optical sensor or
sensing the temperature differential across the evaporator coil. However, DOE understands that
both of these methods are currently unreliable due to fouling of the coil with dust and other
surface contaminants, which becomes more of an issue as cases age. Because of these issues,
DOE did not consider defrost cycle control as a design option.

5.6.4.6 Defrost Mechanisms

Defrosting for medium-temperature equipment is typically accomplished with off-cycle
defrost. Because off-cycle defrost uses no energy (and decreases compressor on-time), there is
no defrost design option capable of reducing defrost energy in cases that use off-cycle defrost.
Some medium-temperature cases and all low-temperature and ice-cream temperature cases use
supplemental heat for defrost. Electric resistance heating (electric defrost) is commonly used in
these cases. An alternative to electric defrost in those cases that require supplemental defrost heat
is hot-gas defrost. This defrost mechanism involves using the hot compressor discharge gas to
warm the evaporator from the refrigerant side. Manufacturers told DOE during interviews that
the use of hot-gas defrost is a subject of division within the industry, with some manufacturers
employing it on many of their models and others using it very rarely, if at all. These
manufacturers mentioned various positive and negative attributes of the technology, depending
on their stance on the issue. However, independent of the technical factors related to
implementation of hot-gas defrost, the test procedure for commercial refrigeration equipment is
not capable of quantifying the energy expenditure of the compressor during a hot-gas defrost
cycle for remote condensing equipment. Therefore, DOE did not consider hot-gas defrost as a
design option.

5.6.4.7  Anti-Fog Films on Transparent Doors

Anti-fog films are offered as an option by some manufacturers on their transparent
display doors and consist of advanced hydrophobic materials that are applied to the glass surface
on the inside of the door. Without such coatings, condensation can attach to the glass surface and
form beads, resulting in visible fog that can obscure views of the product. These materials cause
the water to instead simply slide off the surface of the door, maintaining a clear appearance.
However, DOE understands that these films alone do not necessarily eliminate the need for anti-
sweat heaters in many cases, including conditions of high ambient humidity, as these films do
not eliminate the issue of potential condensation on the outside of the case, which can present a
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major problem for consumers. Moreover, DOE understands that delamination of anti-fog films
presents a major issue, making them unreliable in the long term. Discussions with manufacturers
have led DOE to believe that other improvements in door construction provide the capacity to
reduce anti-sweat heat without the drawbacks previously discussed. Because of these issues,
DOE did not consider anti-fog films on transparent doors as a design option.

5.6.5 Design Options

After conducting the screening analysis and removing from consideration those
technologies described above, DOE implemented the remaining technologies as design options
in the energy consumption model:

e higher efficiency lighting and occupancy sensors for VOP, SVO, and SOC equipment
families (horizontal fixtures)

e higher efficiency lighting and occupancy sensors for VCT and PD equipment families

(vertical fixtures)

improved evaporator coil design

higher efficiency evaporator fan motors

improved case insulation

improved doors for VCT equipment family, low and ice-cream temperature

improved doors for VCT and PD equipment families, medium temperature

improved doors for HCT equipment family, low and ice-cream temperature

improved doors for HCT equipment family, medium temperature

improved doors for SOC equipment family, medium temperature

improved condenser coil design (for self-contained equipment only)

higher efficiency condenser fan motors (for self-contained equipment only)

higher efficiency compressors (for self-contained equipment only)

night curtains (equipment without doors only)

Each design option has at least two technology levels, ranging from the minimum (lowest
performing) to the maximum (best performing) technology. The design options and the
technology levels for each design option are described in the following sections.

5.6.5.1 Higher Efficiency Lighting and Occupancy Sensors

Lighting is an important characteristic of commercial refrigeration equipment because it
makes the product visible to the consumer. Lighting systems typically operate continuously and
provide an opportunity for significant energy savings. As lighting system efficiency increases,
reductions in total case energy consumption can be achieved through a direct reduction in
electricity consumption by the lighting system, and a reduction of heat inside the case, thereby
reducing compressor work.

It is important that product illumination not degrade with higher design option levels
because this would decrease the utility of the equipment. DOE tried to maintain approximately
constant system illumination across all design option levels. This approach meant that DOE had
to consider lighting as a system, rather than distinguishing lamps and ballasts as separate design
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options. This approach becomes more important when considering LED lighting systems, which
do not use ballasts, as fluorescent lighting systems do.

Although LED systems generally have lower absolute efficacy in lumens per watt than
fluorescent systems, the fixtures produce light that is much more directional in nature. And,
while the total lumen output of LED systems is lower than comparable fluorescent systems, the
amount of light incident on the product (illuminance) is roughly equivalent. Consultations with
commercial refrigeration equipment manufacturers, lighting manufacturers, and other technical
experts indicate that current LED technology provides product lighting that is adequate and in
most cases comparable to fluorescent lighting. In recent years, according to discussions with
manufacturers, the trend within the market has been toward a much greater use of LED lighting
in this equipment.

To account for the variation in design between equipment families, DOE used two
lighting design options in the energy consumption model. DOE used the “higher efficiency
lighting and ballasts for VOP, SVO, and SOC equipment families” design option for lighting in a
horizontal configuration, and the “higher efficiency lighting and ballasts for VCT and PD
equipment families” design option for the lighting in a vertical configuration. The VCS and HCS
equipment families do not require lighting because they are not designed to display food, while
the HCT and HZO equipment families typically do not have lighting because they rely on store
ambient lighting for product illumination. Therefore, DOE did not consider lighting design
options for these four equipment families.

DOE also considered occupancy sensors, which allow for case lighting to be reduced or
shut off during periods of inactivity around the case, as part of the design options for the
VCT/PD and VOP/SVO/SOC groupings. These equipment families generally are used for
display purposes and include lighting for product illumination, making occupancy sensor
implementation an option for this equipment. Because fluorescent lamps require a start-up period
after being powered on and fluorescent lamp lifetime is greatly reduced by frequent cycling on
and off, DOE only considered occupancy sensors to be an option compatible with LED lighting.

In the preliminary engineering analysis, DOE based its modeling of occupancy sensors
on past empirical studies and discussions with commercial refrigeration equipment
manufacturers. For that analysis, DOE determined that a net 30-percent reduction in lighting run
time due to the implementation of occupancy sensors would be an appropriate figure for
modeling the performance of these sensors.* ® This value was directly implemented into the
energy consumption model, such that a unit with occupancy sensors would see a lighting time
reduction of 30 percent from the standard 24-hour daily run time. However, in the time since
those analyses were performed, DOE published a final rule amending the commercial
refrigeration equipment test procedure. 77 FR 10292 (February 21, 2012). That rule includes
provisions for the testing of occupancy sensors and scheduled controls, allowing for 8 to 10.8
hours of lighting off or dimmed, depending on whether lighting occupancy sensors, scheduled
lighting controls, or both are installed on a case and whether the respective lighting technologies
dim or turn off the lights. For this analysis, DOE assumed 2.8 hours of dimmed lighting from
sensors and an 8-hour lighting run time reduction due to scheduled controls per 24-hour test
period. DOE believes this is lighting configuration is representative of those found in the field,
and DOE incorporated these specifications from the updated DOE test procedure into the
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standards NOPR engineering analysis. The reduction in lighting run time, as input into the
model, affects both the calculated energy consumption of the lighting and the lighting
contribution to the case heat load. Additionally, in some cases, where incremental
implementation of occupancy sensors proved in the analysis to be more cost effective than the
implementation of LEDs alone, DOE implemented the two together, going directly from T8 or
Super T8 lighting to LEDs with occupancy sensors, without an intermediate option of LEDs
alone.

Because of the horizontal configuration of shelving and the linear nature of display case
lineups in the VOP, SVO, and SOC equipment families, lighting for these cases is typically
installed in the horizontal plane. Details for the “higher efficiency lighting and ballasts for VOP,
SVO, and SOC equipment families” design option are shown in Table 5.6.2. Remote condensing
versions of these display cases are most often sold in 8-foot and 12-foot sections, using multiples
of 4-foot fixtures (either fluorescent bulbs or LED strips) to continuously light the entire width of
the case. Self-contained versions are commonly sold in 4-foot lengths, so that a single 4-foot
light fixture will light the full width of the case. Therefore, 4-foot fixtures were specified for all
lighting systems in the horizontal configuration. This lighting was also required to have a color
temperature of 3,500 kelvin (K), which is typical for this type of equipment.

Table 5.6.2 Details for Lighting for VOP, SVO, HZO, and SOC Equipment Families Design
Option

Ezgg Lanll? E?ted System System Light
Level Description Lamp Type p g Efficacy Output
ower Output lumens/W lumens
w lumens
T8N 4 ft, T8 Elec. F32T8 32.0 2,850.0 85.0 2,679.0
T8S 4 ft, Super T8 Elec. | F32T8/HL 32.0 3,100.0 94.6 2,697.0
LED 4 ft, LED LED 4 ft 15.0 888.0 59.2 888.0
occ | 4ft LED with LED 4 ft 15.0 888.0 59.2 888.0
Occupancy Sensors

Because of the vertical configuration of the doors in the VCT and PD equipment families,
fluorescent lamps typically are installed vertically behind the mullions between doors. Such
lighting systems typically consist of a single 5-foot lamp and single ballast per mullion as well as
a lamp installed at each end of the case. All lighting systems in the vertical configuration were
specified to have 5-foot lamps and a color temperature of 4,100 K, which DOE found to be
typical for this equipment family. Table 5.6.3 shows details for the “lighting for VCT and PD
equipment families” design option.

Table 5.6.3 Details for Lighting for VCT and PD Equipment Families Design Option

Lamp Lamp Rated System System Light
. Rated Light -
Level Description Lamp Type Efficacy Output
Power Output
lumens/W lumens
W lumens
T8N 5 ft, T8 Elec. F58T8/835 58.0 5,400.0 93.1 5,400.0
LED 5ft, LED LED5 ft 29.0 1,564.0 53.9 1,564.0
occ |2 LEDwith LED 5 ft 29.0 1,564.0 53.9 1,564.0
Occupancy Sensors
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5.6.5.2 Higher Efficiency Evaporator Fan Motors

In conjunction with fan blades, fan motors are necessary for transferring heat from the
display case to the refrigerant and, in the case of self-contained equipment, rejecting heat from
the refrigerant into the ambient air. Fan motors are also responsible for maintaining product
temperatures and air curtains on open cases. They must operate virtually continuously, and
therefore use a significant amount of energy. As motor efficiency increases, reductions in total
case energy consumption are achieved through a direct reduction both in electricity consumption
and waste heat inside the case, reducing compressor load.

Table 5.6.4 shows details for the evaporator fan motor design option. DOE considers
shaded-pole motors (SPM) as the baseline (or lowest-efficiency) technology, permanent split
capacitor (PSC) motors as the mid-level technology, and brushless direct current or
electronically commutated motors (ECMs) as the maximum technology level. DOE adapted
motor efficiency levels, listed in Table 5.6.4, from the 2009 final rule and ongoing DOE
rulemaking efforts. DOE verified these efficiency estimates through discussions with equipment
manufacturers. During its discussions with manufacturers, some manufacturer representatives
pointed out that there can be significant variations in efficiency between motors of the same type
but different models. According to these manufacturers, this variation was largely a function of
equipment supplier. Some manufacturers stated that, from higher quality suppliers, some specific
models of PSC motors, for example, could reach efficiencies as high as 40 percent. However,
manufacturers generally agreed that the values listed in Table 5.6.4 are fairly representative of
the efficiencies of motors available for use in commercial refrigeration equipment. Therefore,
DOE retained these values for use in its NOPR engineering analysis.

Table 5.6.4 Details for Evaporator Fan Motor Design Option

Permanent Split Capacitor Brushless DC Motor
Rated Shaded-Pole Motor Motor (ECM)
Power Actual - Actual - Actual .
W Power Efficiency Power Efficiency Power Efficiency
% % %
W W W
12.0 60.0 20 414 29 18.2 66
9.0 45.0 20 31.0 29 13.6 66
6.0 30.0 20 20.7 29 9.1 66
5.6.5.3 Improved Evaporator Coil Design

Evaporator coils are another component necessary for transferring heat from the display
case to the refrigerant. Table 5.6.5 shows details for the evaporator coil design options used in
the NOPR engineering analysis. In view of available information, DOE considered a baseline
and a maximum technology level for this design option. For each level, DOE specified an overall
UA-value? and a coil cost. The UA-value is normalized to the standard coil value, and the coil
cost is normalized to the heat removal capacity of the coil. This allowed DOE to apply these
details of coil design across all equipment classes and at different capacities. In consultation with

2 The overall UA-value is the product of the overall heat transfer coefficient (Btu/h-ft>-°F) and the total surface area
(ft?) of the coil. This value can be derived from the total heat transfer rate of the coil (Btu/h) divided by the average
temperature difference between the discharge air and the saturated evaporator temperature (AT).
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outside experts, DOE determined that applying the same coil design improvements to different
sized coils would result in similar increases in coil performance.

Table 5.6.5 Details for Evaporator Coil Design Option

Level Description Normalized UA (-)
EVAP1 Standard Coil 1
EVAP?2 High-Performance Coil 1.745

DOE based the details of coil construction (Table 5.6.6) on baseline and prototype high-
performance coil specifications developed by DOE contractors. These coil designs were
developed by first performing teardown analyses of existing coils on the market and then using
the data as inputs into a numerical simulation model to develop performance values for those
baseline designs. The same modeling tools were then used to calculate new performance
estimates for improved coil designs based on manipulation of the physical coil parameters.
Finally, the baseline and improved coil designs were input into the cost model in the same
manner as the core cases discussed in section 5.4.1 to yield costs to manufacture each design.
The high-performance coil uses a combination of enhancements to the heat transfer surfaces to
increase its overall UA-value. These enhancements include higher fin thickness, rifled tubing,
and the addition of an extra row of tubes to the coil. In sum, these improvements allow the
prototype coil to run at a SET that is warmer than the baseline coil while maintaining the same
discharge air temperature and heat removal capacity.

Table 5.6.6 Properties of Standard and Enhanced Evaporator Coil Designs

Property Standard Coil High-Performance Coil
Overall width (in.) 40.5 40.5
Overall height (in.) 8.0 10.0
Overall depth (in.) 6.25 7.50
Tube rows transverse to airflow 4 5
Tube rows parallel to airflow 5 6
Tubing material Copper Copper
Tubing outer diameter (in.) .375 .375
Tubing wall thickness (in.) .012 .012
Tubing inner surface Smooth Rifled
Fin material Aluminum Aluminum
Fin surface Flat Flat
Fin pitch (fins per inch) 3 3

Because compressor performance is directly related to SET, reductions in total case
energy consumption are realized through an improved EER at the condensing unit. In
consultation with outside experts, DOE determined that applying the same coil improvements to
different sized coils and at different temperatures would result in similar SET improvements.
Consequently, the coil design was scaled as appropriate to model the coil in the representative
unit for each equipment class analyzed.

5.6.5.4 Improved Insulation and Vacuum Insulated Panels

Several technology levels representing improvements to case insulation were
implemented in the engineering model. DOE included increased foam insulation thickness as a
design option, and modeled a half-inch increase in insulation thickness for all equipment classes
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based on discussions with manufacturers regarding case design and foam insulation fixturing.
DOE added this increase in thickness to the baseline value of insulation thickness and
recalculated the conduction load in the energy consumption model (section 5.6.6.5). The cost of
increasing the insulation thickness includes a sunk cost per unit, considering foam fixture
engineering and tooling costs, production line lifetime, and number of fixtures and units
produced. In the 2009 final rule and in its preliminary engineering analysis for this rulemaking,
DOE assumed the cost increase due to additional foam material to be insignificant compared to
the cost of upgrading foam fixtures. However, in response to stakeholder comments after the
preliminary analysis, DOE included the differential cost of additional foam insulation in the
engineering analysis for the NOPR. DOE calculated the volume of additional insulation resulting
from the added half inch of thickness and multiplied this by a cost per cubic foot for the foam
and blowing agent. Table 5.6.7 provides details of the assumptions used to calculate the
additional cost of insulation thickness increases.

Table 5.6.7 Assumptions in Cost Calculation Methodology for Insulation Thickness
Increase

Item Value Notes

_Cost to upg_rade single $100.000

insulation fixture

Number of fixtures 25 Based on a survey of the number of products offered by each
manufacturer

Engineering costs $416.667 Assumes $100,_000 per year cost of labor and one mont.h to
complete redesign per machine plus one month for testing

Interest rate 7.0%

Product line lifetime (years) 7.0

Units per year 25,000

Sunk fixturing cost per unit $21.65

DOE also considered vacuum insulated panels (VIPs) as an option for improving the
insulation performance of the insulated walls of commercial refrigeration equipment cases. Data
regarding VIP performance was gathered from discussions with VIP manufacturers in
conjunction with past and ongoing rulemakings on residential refrigerators and walk-in coolers
and freezers. These discussions yielded a representative material cost for VIPs with an R-value
of 30 per inch of thickness. This cost was then multiplied in the engineering cost model by the
insulated wall area and thickness to produce a differential cost of upgrading from traditional
foam insulation to VIPs. This model simulated the entire modeled case as being composed of
VIP material, and assumed that the VIP material would be the dominant component of the
thermal performance of the case. Additionally, as with the increased foam thickness design
option, a sunk cost per unit of upgrading to VIPs was calculated and applied to the unit cost. This
consisted of an estimate for the additional costs of product engineering and redesign, new
production equipment, and new tooling, amortized over the typical equipment production
lifetime and divided by the number of units per year. The result was a levelized cost per
commercial refrigeration equipment case produced. The assumptions used for this design option
are shown in Table 5.6.8.
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Table 5.6.8 Assumptions in Cost Calculation Methodology for Vacuum Insulated Panels

Item Value
Additional tooling/engineering/product redesign costs $500,000
New equipment costs $300,000
Interest rate 7.0%
Product line lifetime (years) 7
Units per year 25,000
Sunk cost per unit $5.94

For each equipment class analyzed, DOE considered both the increase in conventional
insulation thickness and the switch to VIPs as design options. While these insulation
improvement design options benefit some equipment types more than others, DOE modeled
them for each of the directly analyzed equipment classes, as conduction through the case is
present in all equipment classes. Table 5.6.9 summarizes these design options.

Table 5.6.9 Details for Insulation Design Options

Additional Insulation
Level Description Thlckness_ Above R-Value Per
Baseline .
. Inch Thickness
inches
IN1 Baseline insulation 0 8
Extra 1/2-inch insulation 05 8
IN2 thickness )
VIP Vacuum insulated panels 0 30

5.6.5.5 Improved Transparent Doors

Transparent doors allow refrigerated products to be displayed to consumers while
keeping cold air inside the display case. Transparent doors also allow heat to radiate into the
display case and generally have a lower insulation value than solid insulated walls. In cases with
transparent doors, these surfaces are responsible for a significant portion of the case heat load.
On freezers and some refrigerators, glass doors must be heated to prevent frost or condensation
from forming. These “anti-sweat” heaters, which are used to prevent formation of frost or
condensation on the glass doors, often run continuously and consume significant amounts of
energy. Reductions in total case energy consumption can be achieved both by improving the
overall insulation value (U-factor) of the door and by reducing the required anti-sweat heater
power. Improvements to heat transfer performance could include the use of additional panes of
glass and expanded use of inert gas fill between panes of glass. The treatment of the window
glass with advanced low-emissivity coatings and increasing the number of coated surfaces could
also reduce losses resulting from radiation heat transfer. Reductions in the anti-sweat heater
power needed can often be achieved as a function of improved conductive performance of the
door, as well as in improvements to the gasketing and other door features.

A wide variety of door types are used on the equipment covered in this rulemaking. Door
construction and performance can vary by equipment family as well as operating temperature of
the case. To account for this variation, DOE developed separate design option data for each of
the different door types represented in the primary equipment classes that DOE analyzed. For
selected door designs, DOE estimated the thermal performance of the door (expressed as an
overall U-factor) using information about door construction obtained from manufacturers and the
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WINDOW 5 modeling software, available from Lawrence Berkley National Laboratory.® This
performance data was cross-referenced from DOE’s ongoing rulemaking on walk-in coolers and
freezers, as the major door manufacturers for the commercial refrigeration equipment industry
also possess a large share of the market for walk-in display doors and identical door designs are
often shared across these applications. Cost estimates for transparent doors for commercial
refrigeration equipment applications were obtained from manufacturer interviews and publicly
available sales sheet data. DOE then extended this cost and performance data to apply to various
geometries of horizontal and vertical display and service doors.

Doors for the VCT equipment family operating at low and ice-cream temperature are
hinged and are a representative size of 30 inches wide and 67 inches tall with three panes of
glass. Table 5.6.10 shows details of thermal performance and anti-sweat heater requirements for
this door type.

DOE considered two technology levels for this design option: the high-performance door
that uses a combination of low-emissivity coating, frame material, and inert fill-gas to reduce the
overall U-factor; and a standard door.

Table 5.6.10 Details for Doors for VCT Equipment Family, Low and Ice-Cream
Temperature Design Option

Overall U- Anti-Sweat Heater
Level Description Factor Power
Btu/hr-ft>-°F W/door
DR1 Standard door 0.19 165
DR? High-performance 0.10 80
door

Doors for the VCT and PD equipment families operating at medium temperature are
hinged and have a representative size of 30 inches wide and 67 inches tall with two panes of
glass at the baseline. Table 5.6.11 shows details of thermal performance and anti-sweat heater
requirements for this door type.

DOE considered two technology levels for this design option. The high-performance door
uses a combination of an additional pane of glass, low-emissivity coating, frame material, and
inert fill-gas to reduce the overall U-factor compared to the standard door. Based on interviews
conducted with commercial refrigeration equipment manufacturers, DOE understands that the
implementation of these sorts of high-performance glass doors in medium-temperature
equipment can allow for the complete elimination of anti-sweat power. As a result, the high-
performance door design option for the VCT and PD families at medium temperature includes an
anti-sweat heater power of zero.

Table 5.6.11 Details for Doors for VCT and PD Equipment Families, Medium Temperature
Design Option

Overall U- Anti-Sweat Heater
Level Description Factor Power
Btu/hr-ft>-°F W/door
DR1 Standard door 0.26 50
DR2 High-performance 0.16 0
door
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Doors for the HCT equipment family operating at medium temperature are sliding and
are a representative size of 18 inches wide and 20.5 inches tall with one pane of glass at the
baseline. Table 5.6.12 shows details of thermal performance and anti-sweat heater requirements
for this door type.

DOE considered two technology levels for this design option. The high-performance door
uses a combination of an additional pane of glass, low-emissivity coating, frame material, and
inert fill-gas to reduce the overall U-factor compared to the standard door. Typically, these door
types do not require anti-sweat power.

Table 5.6.12 Details for HCT Equipment Family, Medium Temperature Design Option

Overall U- Anti-Sweat Heater
Level Description Factor Power
Btu/hr-ft>-°F W/door
DR1 Standard door 1.05 0
DR? High-performance 026 0
door

Doors for the HCT equipment family operating at low and ice-cream temperatures are
sliding and are a representative size of 18 inches wide and 20.5 inches tall with one pane of glass
at the baseline. Table 5.6.13 shows details of thermal performance and anti-sweat heater
requirements for this door type.

DOE considered two technology levels for this design option: a high-performance door
that uses a combination of low-emissivity coating, frame material, and two extra panes of glass
with inert fill-gas to reduce the overall U-factor; and a standard door. Typically, these door types
do not require anti-sweat heater power. Due to equipment design constraints, the doors
considered for HCT equipment operating at low and ice-cream temperatures were identical to
those considered for the medium-temperature equipment.

Table 5.6.13 Details for Doors for HCT Equipment Family, Low, and Ice-Cream
Temperature Design Option

Overall U- Anti-Sweat Heater
Level Description Factor Power
Btu/hr-ft>-°F W/door
DR1 Standard door 1.05 0
DR2 High-performance 0.26 0
door

Doors for the SOC equipment family operating at medium temperature are of the sliding
type and have a representative size of 24 inches wide and 20 inches tall with two panes of glass.
Table 5.6.14 shows details of door thermal performance and anti-sweat heater requirements for
this door type. DOE considered two technology levels for this design option: a high-performance
door that uses a combination of low-emissivity coating, frame material, and inert fill-gas to
achieve a reduced overall U-factor; and a standard door. Typically, SOC doors do not require
anti-sweat heater power.
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Table 5.6.14 Details for Doors for SOC Equipment Family, Medium Temperature Design
Option

Overall U- Anti-Sweat Heater
Level Description Factor Power
Btu/hr-ft>-°F W/door
DR1 Standard door 0.26 0
DR2 High-performance 0.16 0
door

5.6.5.6 Higher Efficiency Condenser Fan Motors

The condenser fan motor design option applies only to those equipment classes that are
self-contained. Details for the condenser fan motor design option are identical to those shown in
Table 5.6.4. As with evaporator fan motors, the SPM is the baseline technology, the PSC motor
is the mid-level technology, and the ECM is the maximum technology level. Because condenser
fan motors are outside the refrigerated space, efficiency improvements only affect the direct
electrical consumption of the motors and not the total case heat load.

5.6.5.7 Improved Condenser Coil Design

For the NOPR stage of this rulemaking, DOE performed additional analysis of condenser
coils to develop a more thorough set of inputs to the energy consumption model for self-
contained equipment. Table 5.6.15 shows details for this design option. Details of coil
construction are based on data from teardowns of equipment available on the market, as well as
analytical modeling performed by DOE and its contractors. The methods used for developing the
condenser coil model were the same as those used to model evaporator coils and are described in
section 5.6.5.3. Based on this information, DOE considered both baseline and high-performance
technology levels for this design option. For each level, DOE specified an overall UA-value and
a coil cost. The UA-value is normalized to the standard coil, and the coil cost is normalized to
the heat removal capacity of the modeled coil in British thermal units per hour. This approach
allowed DOE to apply the details of coil design across all self-contained equipment classes. In
consultation with outside experts, DOE determined that applying the same coil improvements to
different sized coils would result in similar performance improvements.

Table 5.6.15 Details for “Increased Condenser Surface Area” Design Option

Normalized
Level Description UA
@)
COND1 Standard coil 1.00
COND2 High-performance coil 2.315

Table 5.6.16 shows details of coil construction. The high-performance coil uses a
combination of enhancements to the heat transfer surfaces that increased its overall UA-value.
These enhancements include rifled tubing, increased fin pitch and thickness, and an added row of
tubes. These improvements allow the prototype coil to run at a saturated condenser temperature
(SCT) that is cooler than the baseline coil while maintaining the same heat rejection rate.
Because compressor performance is directly related to SCT, reductions in total case energy
consumption are achieved through an improved EER at the condensing unit.
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Table 5.6.16 Properties of Standard and Enhanced Condenser Coil

Property Standard Coil High-Performance Coil
Overall width (in.) 27 27
Overall height (in.) 12.0 14.4
Overall depth (in.) 3.375 4.5
Tube rows transverse to airflow 10 12
Tube rows parallel to airflow 3 4
Tubing material Copper Copper
Tubing outer diameter (in.) .3825 .3825
Tubing wall thickness (in.) .02 .02
Tubing inner surface Smooth Rifled
Fin material Aluminum Aluminum
Fin surface Flat Flat
Fin pitch (fins per inch) 6 7

5.6.5.8  Higher Efficiency Compressors

In consultation with manufacturers and external technical experts, DOE determined that
two levels of technology were applicable for the compressor design option. The baseline
technology level is a standard single-speed hermetic compressor, and the maximum technology
level is a high-efficiency single-speed hermetic compressor. Reductions in total case energy
consumption are achieved through a reduction in compressor power consumption.

Several manufacturers provide performance data for standard single-speed hermetic
compressors over a range of capacities applicable to the covered equipment. DOE used this data
to find appropriately sized compressors when developing each design option curve. (See section
5.6.6.2 for information on the calculation of compressor energy consumption.) During the NOPR
analyses, DOE updated its selection of compressor models within the engineering analytical
spreadsheet to better account for the wide variations in capacity between the representative unit
sizes analyzed for the various equipment classes.

Although several compressor manufacturers produce high-efficiency compressors, little
data are currently available on their performance. Often, compressor manufacturers do not
explicitly brand their compressors as “high-efficiency,” but instead maintain only one line of
products for a given application. Therefore, DOE approximated a set of high-efficiency
compressors by adjusting the power consumption of the standard compressors using a constant
multiplier. This multiplier assumed a 10-percent reduction in energy consumption with an
associated 5-percent cost premium. DOE developed this multiplier through its own research,
consultation with outside experts, and verification through discussion with commercial
refrigeration equipment manufacturers.

Some manufacturers mentioned in interviews that scroll compressors were available from
certain producers for commercial refrigeration equipment applications. However, these
manufacturers also stated that the scroll compressors, while presenting a slight performance
improvement over reciprocating compressors, had an extremely high associated cost premium.
These manufacturers stated that this cost premium made scroll compressors a viable option only
in specific design scenarios, such as when certain geometric configurations were required or in
instances where noise reduction is very important. They also mentioned that scroll compressors
were only available over a certain range of capacities, which would not cover the entire
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commercial refrigeration equipment market. As a result, DOE did not consider scroll
compressors in its analysis.

At the preliminary analysis public meeting and in written comments submitted during the
preliminary analysis comment period, several stakeholders raised the subject of variable-speed
compressors as applicable to commercial refrigeration equipment. DOE researched this subject
and raised it during interviews with commercial refrigeration equipment manufacturers.
According to these sources, only one compressor manufacturer currently sells a variable-speed
compressor for commercial refrigeration applications in the United States, and that product is
sized only for equipment with heat loads less than 3,000 Btu per hour. Such a compressor size
would be applicable only to some smaller open cases and medium-sized equipment in classes
with doors. Additionally, manufacturers raised concerns regarding the state of the technology at
this time, saying that not enough research and development had been performed to evaluate the
efficacy and reliability of variable-speed compressors for commercial refrigeration application.
These compressors would also require complex controls and sensor-driven interfaces to be
developed. As a result, DOE has elected not to consider variable-speed compressors explicitly in
its analysis because its current understanding is that this technology has not yet been
implemented for widespread use within the commercial refrigeration equipment industry.

5.6.5.9  Night Curtains

In response to stakeholder input and discussions with commercial refrigeration equipment
manufacturers, DOE included night curtains as a design option for the VOP and SVO equipment
families in the engineering analysis. DOE based its modeling of this design option on
specifications obtained from manufacturer interviews, publicly available data from night curtain
manufacturers, and past studies of night curtain performance. For cases with night curtains
implemented, a curtain down time of 6 hours per day was used in the energy consumption model,
in accordance with the time specified in the commercial refrigeration equipment test procedure
final rule. 77 FR 10292 (February 21, 2012). The performance of the curtains in the model was
based on a survey of field studies of night curtain effectiveness, which resulted in an average 39-
percent reduction in case heat load during periods when the night curtains were deployed.”8
When the night curtain design option was implemented in the energy consumption model, the
39-percent reduction in case heat load was applied over a period of 6 hours to the load calculated
for the same configuration unit without night curtains, and the new heat load was normalized
over 24 hours to give a standard hourly load. Table 5.6.17 shows the specifications for the night
curtain design option.

Table 5.6.17 Details for “Night Curtains” Design Option

Curtain
Level Description Down Time Case Heat Load Multiplier
hr
OFF No night curtains 0 1.00
NC1 Night curtains 6 0.61

5.6.6 Model Components

Figure 5.6.1 presents a schematic showing the components in the energy consumption
model. The model calculates energy consumption in two major subsections (expressed as

5-31



kWh/day): compressor energy consumption and component energy consumption. Component
energy consumption is the sum of electrical energy directly consumed by each fan motor, lamp,
defrost and drain heater, anti-sweat heater, and pan heater.

Compressor energy consumption is calculated from the total heat load (expressed as
Btu/hr) and one of two compressor models: one version for remote condensing equipment, and
one for self-contained equipment. The total heat load is a sum of the component load and the
non-electric load. The component load is a sum of the heat emitted by evaporator fan motors,
lighting, defrost heaters, drain heaters, and anti-sweat heaters inside and adjacent to the
refrigerated space (condenser fan motors and pan heaters are outside the refrigerated space and
do not contribute to the component heat load). The non-electric load is the sum of the heat
contributed by radiation through glass and openings, heat conducted through walls and doors,
and warm air infiltration through openings.

Daily Energy
Consumption [kWh/day]

/\

Compressor Component
Energy‘ Energy
Consumption Consumption
[kWh/day] [kWh/day]

Compressor Model
(ARI 540)

Total Heat
Load
[Btu/h]

S
Component Non-Electric
Load Load
[Btu/h] [Btu/h]
—

Radiation ( Conduction\ Infiltration
Load Load Load
[Btu/h] [Btu/h] [Btu/h]

N J

Figure 5.6.1 Composition of the Energy Consumption Model

5.6.6.1 Component Energy Consumption

Component energy consumption consists of calculated energy consumption of each of the
system components that directly consumes energy.

Fan motor energy consumption is calculated by summing the power draw of each
evaporator and condenser fan motor and multiplying the total motor power by the total running
time over a 24-hour period.
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Lighting energy consumption is calculated by summing the power draw of each lamp and
ballast and multiplying the total by the total operating time of the lighting system over a 24-hour
period. (This calculation assumes that lighting operates continuously at the baseline.) For cases
where lighting controls and occupancy sensors have been implemented, a run-time reduction is
used, based on the specifications for lighting controls and occupancy sensors in the commercial
refrigeration equipment test procedure.

Daily defrost and drain heater energy consumption are calculated by summing the power
draw of each defrost heater and drain heater and multiplying by the total time the case is in
defrost operation over a 24-hour period.

Anti-sweat energy consumption is calculated by summing the power draw of each anti-
sweat heater and multiplying by the total operating time of the heaters over a 24-hour period.
(This calculation assumes that anti-sweat heaters run continuously, a position supported by
manufacturer literature and interviews.)

Pan heater energy consumption is calculated by multiplying the power draw of each pan
heater by the total operating time of the heater over a 24-hour period. The total operating time is
calculated as the time it would take to evaporate all of the defrost meltwater.

5.6.6.2 Compressor Energy Consumption

Compressor energy consumption (CEC) is calculated from the total heat load and one of
two compressor models: one version for remote condensing equipment and one for self-
contained equipment. CEC for remote condensing equipment is calculated using default
efficiency values from AHRI 1200. Table 1 in AHRI 1200 lists remote condensing compressor
EER in Btu/W-h as a function of adjusted dew point temperature.

Adjusted dew point (ADP) temperature (°F) is calculated as:

ADP = SET - 2 °F (for medium temperature)
Eqg.5.2

ADP = SET - 3 °F (for low/ice-cream temperature)
Eq. 5.3

Where:
SET = the saturated evaporator temperature (°F).

Once ADRP is calculated, Table 1 in AHRI 1200 is used to find the corresponding EER
value. The CEC (kWh/day) is then calculated as:

CEC = Quot X (24 - taefrost) / (EER x 1000)
Eq. 5.4
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Where:

Qtot = the total heat load (Btu/hr), and
taefrost = the total defrost time in a 24-hour period (hr).

The CEC for self-contained equipment is calculated by using the compressor model
described in section 6.4 of AHRI Standard 540-2004 (AHRI 540), Performance Rating of
Positive Displacement Refrigerant Compressors and Compressor Units. This model is based on
a 10-coefficient polynomial derived from empirical compressor performance data for power,
mass flow, current, and efficiency. The coefficients are derived for each parameter as a function
of SET and SCT. Compressor coefficients are available from compressor manufacturers. Similar
to the method used for remote condensing equipment, the EER of any compressor can be
determined given the SET and SCT values along with the 10 coefficients for the specific
compressor model. Using Eqg. 5.4 and the EER for the unit at the specific conditions being
modeled, the CEC can be determined.

In the engineering analysis, DOE uses adjusted capacities for compressors modeled,
rather than capacities at standard ASHRAE rating evaporator and condenser rating conditions.
This is because the actual ASHRAE 72 test conditions for most commercial refrigeration
equipment are not the same as standard compressor rating conditions, causing capacities at the
modeled test conditions to differ from listed capacities. The compressor model then uses a look-
up function to select the most appropriate compressor based on the total refrigeration load in the
case and the compressor oversize factor from the baseline design specifications.

5.6.6.3  Component Load Model

The component load is the sum of the heat emitted by evaporator fan motors, lamps,
defrost and drain heaters, and anti-sweat heater inside to the refrigerated space. Each component
creates waste heat that is rejected to the refrigerated space and must be removed by the
compressor.

DOE assumed that all electrical energy consumed by the evaporator fan motors ends up
as heat inside the refrigerated space. In electric motors, friction present within the motor
windings, bearings, and other mechanical components converts much of the input electrical
energy into heat. The rest of the energy is used in moving air inside the case. This moving air is
slowed by friction, and the kinetic energy of the air is converted into heat.

For lighting inside the refrigerated space, DOE assumed that all electrical energy
consumed by the light fixtures ends up as heat inside the space. For lighting adjacent to the air
curtain, DOE assumed that 50 percent of the electrical energy consumed ends up as heat inside
the space. For fluorescent ballasts inside the refrigerated space, DOE assumed that all electrical
energy that the ballasts consume ends up as heat inside the space. Ballasts outside the
refrigerated space do not contribute any heat to the space. In cases in which occupancy sensors
have been implemented as a design option, the heat inside the case resulting from lighting as
calculated as above, but the run-time multiplier for the lighting is used to scale that heat load
proportionately.

5-34



The phase change that occurs when defrost heaters melt the frost from evaporator coils
consumes most of the electrical energy that supplied during a defrost period. Over a 24-hour
period, the total heat of melting is determined by:

Qmelt = mfrostHf,water
Eqg. 5.5

Where:

Qmelt = the heat of melting (Btu/hr),
Merost = the frost mass in a 24-hour period (Ib/hr), and
Htwater = the heat of fusion of water (Btu/Ib).

DOE assumed that all the electrical energy that defrost heaters consume, other than what
is used to melt the frost, ends up as heat inside the refrigerated space. For drain heaters, DOE
assumed that all electrical energy ends up as heat inside the refrigerated space.

DOE assumed that, on average, 70 percent of the electrical energy consumed by anti-
sweat heaters adjacent to the refrigerated space (frame, rail, glass, sill, and air grille heaters) ends
up as heat inside the space.

5.6.6.4 Radiation Load Model

The radiation heat load model accounts for the gray-body radiation between the warm
surfaces of the surrounding environment (the test chamber) and the cold inner surfaces of the
refrigerated space. For cases without doors, the net radiation is determined as:

o-(Trzfom - Tcise)

Qrag = 1-¢ 1 1-¢

room case

+
Eroom A A oom Fease- Ease A
room oom oom © case—room Case ase

Eq. 5.6
Where:

Qrad = the net radiation load (Btu/hr),

o = the Stefan-Boltzmann constant (Btu/hr-ft>-°F%),

Troom = the temperature of the room walls (°F),

Tcase = the temperature of the case inner walls (°F),

eroom = the emissivity of the room walls (dimensionless),

ecase = the emissivity of the case inner walls (dimensionless),

Arcom = the area of the room walls (ft?),

Acase = the area of the interior of the case (ft?), and

Fease-room = the view factor from the case interior to the room walls (dimensionless).

DOE assumed that the wall temperatures of the case were in thermal equilibrium with the
air temperature in the case, and that the wall temperatures of the room were in thermal
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equilibrium with the air temperature in the room. See Eq. 5.6 for numerical constants pertaining
to the radiation model.

For glass doors and other glass, the net radiation is incorporated into the overall U-factor
of the door (Table 5.6.10 through Table 5.6.14, and Eq. 5.7). See section 5.6.6.5 for a discussion
of the calculation of the combined radiation and conduction loads for glass doors and other glass.

5.6.6.5 Conduction Load Model

The conduction load model accounts for the heat conducted through walls and doors. For
solid walls and doors, the conduction is given by:

Troom B Tcase
Qcond = Awalls 1 d. 1
h, ke By

Eq. 5.7
Where:

Awaiis = the area of the exterior of the case (ft?),

ho = the convective film coefficient on the outside of case walls (Btu/h-ft>-°F),
hi = the convective film coefficient on the inside of case walls (Btu/h-ft>-°F),
dins = the insulation thickness (in.), and

kins = the insulation thermal conductivity (Btu-in/hr-ft>-°F).

Because of its high thermal conductivity, the sheet metal that encloses the insulation has
negligible effect on the conduction load, and therefore was not included in the calculation of
conduction load. See Table 5.6.1 for numerical constants pertaining to the conduction model.

For glass doors and other glass, the overall U-factor of the door assembly or glass is
based on data obtained thought WINDOW 5 calculations (Table 5.6.1 and Table 5.6.10 through
Table 5.6.14). The combined radiation and conduction load for glass doors and other glass is
calculated as:

leass = Uoverall Aglass (Troom - Tcase)
Eq. 5.8

Where:

Uoveral = the overall U-factor, including convection and radiation (Btu/h-ft?-°F), and
Aglass = the area of the glass (ft?).

5.6.6.6 Infiltration Load Model

In the engineering analysis, DOE used values for infiltrated air (in Ib/hr) for all
equipment classes. DOE estimated infiltrated air by using manufacturers’ detailed specification
sheets, recognizing that infiltration load is the only load component that cannot be directly
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calculated. These estimates were directly calculated for some equipment classes, and then
extended for use in the remaining primary classes. DOE then used the infiltrated air mass data to
calculate a sensible heat load and latent heat load due to infiltration, based on the thermodynamic
properties of the water in the air as well as the assumed ambient and operating conditions. The
sum of these two values constituted the portion of the case heat load attributed to ambient air
infiltration.

5.7 COST-EFFICIENCY CURVES

The result of the engineering analysis is a set of cost-efficiency curves. DOE developed
25 curves representing the directly analyzed primary equipment classes, using the baseline
specifications and design options described above. (See appendix 5A for details.) The
methodology for developing curves started with determining the baseline energy consumption
and MPC using the methodology discussed in this chapter. To develop engineering efficiency
levels above the baseline, DOE implemented design options in order from highest to lowest
return on cost. Only one design option was implemented at each design option level, except for
LED lighting and lighting occupancy sensors, which, in some classes, were implemented
simultaneously due to synergistic effects within the energy consumption model (See
section 5.6.5.1 for details.) Design options were implemented until all equipment classes reached
the max-tech level based upon the available design options.

The 25 cost-efficiency curves are shown in Figure 5.7.1 through Figure 5.7.25 in the form
of daily energy consumption versus MSP. Supporting data for each primary class, including
CDEC, MPC, MSP, and the design option ordering used in DOE’s analysis, is shown in
Table 5.7.2 through Table 5.7.26. Table 5.7.1 shows a list of the 25 analyzed equipment classes
and their corresponding figure, table, and page numbers.
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Table 5.7.1 Figure, Table, and Page Numbers for Cost-Efficiency Results

Equipment Class Figure Table Page Number
VOP.RC.M Figure 5.7.1 Table 5.7.2 5-39
VOP.RC.L Figure 5.7.2 Table 5.7.3 5-40
VOP.SC.M Figure 5.7.3 Table 5.7.4 5-41
SVO.RC.M Figure 5.7.4 Table 5.7.5 5-42
SVO.SC.M Figure 5.7.5 Table 5.7.6 5-43
HZO.RC.M Figure 5.7.6 Table 5.7.7 5-44
HZO.RC.L Figure 5.7.7 Table 5.7.8 5-45
HZ0O.SC.M Figure 5.7.8 Table 5.7.9 5-46
HZO.SC.L Figure 5.7.9 Table 5.7.10 5-47
VCT.RC.M Figure 5.7.10 Table 5.7.11 5-48
VCT.RC.L Figure 5.7.11 Table 5.7.12 5-49
VCT.SC.M Figure 5.7.12 Table 5.7.13 5-50
VCT.SC.L Figure 5.7.13 Table 5.7.14 5-51
VCT.SC.I Figure 5.7.14 Table 5.7.15 5-52
VCS.SC.M Figure 5.7.15 Table 5.7.16 5-53
VCS.SC.L Figure 5.7.16 Table 5.7.17 5-54
VCS.SC.I Figure 5.7.17 Table 5.7.18 5-55
HCT.SC.M Figure 5.7.18 Table 5.7.19 5-56
HCT.SC.L Figure 5.7.19 Table 5.7.20 5-57
HCT.SC.I Figure 5.7.20 Table 5.7.21 5-58
HCS.SC.M Figure 5.7.21 Table 5.7.22 5-59
HCS.SC.L Figure 5.7.22 Table 5.7.23 5-60
SOC.RC.M Figure 5.7.23 Table 5.7.24 5-61
SOC.SC.M Figure 5.7.24 Table 5.7.25 5-62
PD.SC.M Figure 5.7.25 Table 5.7.26 5-63

As stated above, DOE used the cost-efficiency curves from the engineering analysis as an
input to the life-cycle cost analysis to determine the overall cost to the customer of purchasing,
installing, maintaining, and using a given piece of commercial refrigeration equipment over the
duration of its lifetime (chapter 8 of the TSD).
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Figure 5.7.1 Cost-Efficiency Curve for the VOP.RC.M Equipment Class

Table 5.7.2 Cost-Efficiency Data for the VOP.RC.M Equipment Class

8esi_gn CalcgszigyDally Manuchturer Man_ufactu_rer Design Option Added
ption C . Production Cost Selling Price .
Level onsumption $ $ Above the Baseline
kWh/day

AD1 57.90 3,173.79 4,759.07 | Baseline

AD1 + Permanent Split
AD2 55.28 3,198.60 4,794.31 | Cap. Evap. Fan Motor

AD2 + Brushless DC Evap.
AD3 51.99 3,251.34 4,869.20 | Fan Motor
AD4 50.52 3,280.30 4,910.32 | AD3 + Super T8 Lighting
AD5 46.84 3,404.38 5,086.52 | AD4 + Night Curtains

ADS5 + Enhanced-UA
AD6 44.33 3,490.44 5,208.72 | Evaporator Coil

ADG6 + LED Lighting with
AD7 35.71 4,207.18 6,226.49 | Occupancy Sensors

AD7 + Additional 1/2"
AD8 35.51 4,252.31 6,290.57 | Insulation

AD8 + Vacuum Insulated
AD9 35.06 6,123.48 8,947.63 | Panels
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Figure 5.7.2 Cost-Efficiency Curve for the VOP.RC.L Equipment Class

Table 5.7.3 Cost-Efficiency Data for the VOP.RC.L Equipment Class

8esi_gn CalcgszigyDally Manuchturer Man.ufactu.rer Design Option Added
ption . Production Cost Selling Price .
Level Consumption $ $ Above the Baseline
kWh/day

AD1 133.60 3,290.35 4,924.60 | Baseline

AD1 + Permanent Split
AD?2 126.90 3,348.26 5,006.83 | Cap. Evap. Fan Motor

AD2 + Brushless DC Evap.
AD3 118.44 3,471.32 5,181.56 | Fan Motor
AD4 111.58 3,595.40 5,357.77 | AD3 + Night Curtains
AD5 110.92 3,607.81 5,375.39 | AD4 + Super T8 Lighting

ADS5 + Enhanced-UA
ADG6 106.22 3,709.13 5,519.26 | Evaporator Coil

ADG6 + LED Lighting with
AD7 101.03 3,957.44 5,871.86 | Occupancy Sensors

AD7 + Additional 1/2"
ADS8 100.51 4,007.48 5,942.92 | Insulation

AD8 + Vacuum Insulated
AD9 98.87 7,061.66 10,279.86 | Panels
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Table 5.7.4 Cost-Efficiency Data for the VOP.SC.M Equipment Class

gesi_gn CalcgséigyDally Manuchturer Man_ufactu_rer Design Option Added
ption c . Production Cost Selling Price .
Level onsumption $ $ Above the Baseline
kWh/day
AD1 39.60 1,669.61 2,439.74 | Baseline
AD1 + High-Eff.
AD2 37.91 1,682.53 2,458.10 | Reciprocating Compressor
AD2 + Enhanced-UA
AD3 34.96 1,721.42 2,513.31 | Condenser Coil
AD3 + Permanent Split
AD4 34.35 1,730.72 2,526.53 | Cap. Evap. Fan Motor
ADA4 + Enhanced-UA
AD5 32.81 1,759.75 2,567.74 | Evaporator Coil
AD?5 + Brushless DC Evap.
AD6 32.09 1,774.74 2,589.03 | Fan Motor
AD7 31.58 1,785.60 2,604.45 | AD6 + Super T8 Lighting
AD8 30.37 1,826.96 2,663.18 | AD7 + Night Curtains
AD8 + Permanent Split
AD9 30.03 1,839.37 2,680.80 | Cap. Cond. Fan Motor
AD9 + Brushless DC
AD10 29.60 1,865.74 2,718.25 | Cond. Fan Motor
AD10 + LED Lighting
AD11 26.70 2,160.66 3,137.04 | with Occupancy Sensors
AD11 + Additional 1/2"
AD12 26.62 2,190.93 3,180.03 | Insulation
AD12 + Vacuum Insulated
AD13 26.46 2,829.13 4,086.26 | Panels
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Table 5.7.5 Cost-Efficiency Data for the SVO.RC.M Equipment Class

gesi_gn Calcg;‘;ﬁgyDa”y Manuff_;\cturer Man_ufactu_rer Design Option Added
ption Consumption Production Cost Selling Price Above the Baseline
Level P $ $
kWh/day
AD1 43.56 2,775.31 4,080.77 | Baseline
AD1 + Permanent Split
AD2 41.78 2,791.86 4,104.26 | Cap. Evap. Fan Motor
AD2 + Brushless DC Evap.
AD3 39.58 2,827.02 4,154.19 | Fan Motor
AD4 38.47 2,847.70 4,183.56 | AD3 + Super T8 Lighting
ADA4 + Enhanced-UA
AD5 36.11 2,907.69 4,268.75 | Evaporator Coil
AD6 33.85 3,031.78 4,444.96 | AD5 + Night Curtains
ADG6 + LED Lighting with
AD7 27.71 3,578.80 5,221.73 | Occupancy Sensors
AD7 + Additional 1/2"
AD8 27.57 3,615.85 5,274.33 | Insulation
AD8 + Vacuum Insulated
AD9 27.26 4,816.22 6,978.85 | Panels
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Table 5.7.6 Cost-Efficiency Data for the SVO.SC.M Equipment Class
Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost $ Above the Baseline
kWh/day $

AD1 34.93 1,350.11 1,959.71 | Baseline

AD1 + High-Eff. Reciprocating
AD2 33.33 1,359.78 1,973.44 | Compressor

AD2 + Enhanced-UA Condenser
AD3 28.96 1,389.49 2,015.63 | Cail

AD3 + Permanent Split Cap.
AD4 28.66 1,394.14 2,022.24 | Evap. Fan Motor
AD5 28.27 1,401.64 2,032.89 | AD4 + Super T8 Lighting

AD?5 + Brushless DC Evap. Fan
AD6 27.89 1,409.14 2,043.53 | Motor

ADG + Permanent Split Cap.
AD7 27.50 141741 2,055.28 | Cond. Fan Motor

AD7 + Enhanced-UA
ADS8 26.67 1,439.59 2,086.78 | Evaporator Coil
AD9 25.74 1,480.96 2,145.51 | AD8 + Night Curtains

AD?9 + Brushless DC Cond. Fan
AD10 25.36 1,498.54 2,170.48 | Motor

AD10 + LED Lighting with
AD11 23.29 1,739.04 2,512.00 | Occupancy Sensors

AD11 + Additional 1/2"
AD12 23.24 1,766.62 2,551.16 | Insulation

AD12 + Vacuum Insulated
AD13 23.12 2,181.67 3,140.52 | Panels
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Table 5.7.7 Cost-Efficiency Data for the HZO.RC.M Equipment Class
Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 19.63 2,498.58 3,661.47 | Baseline
AD1 + Permanent Split Cap. Evap. Fan
AD2 17.89 2,515.13 3,684.97 | Motor
AD3 15.73 2,550.29 3,734.89 | AD2 + Brushless DC Evap. Fan Motor
AD4 14.64 2,577.21 3,773.12 | AD3 + Enhanced-UA Evaporator Coil
AD5 14.48 2,611.65 3,822.03 | AD4 + Additional 1/2" Insulation
AD6 14.17 3,596.11 5,219.96 | AD5 + Vacuum Insulated Panels
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Table 5.7.8 Cost-Efficiency Data for the HZO.RC.L Equipment Class
Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 40.44 2,530.49 3,706.78 | Baseline
AD1 + Permanent Split Cap. Evap. Fan
AD2 38.39 2,547.03 3,730.27 | Motor
AD3 35.84 2,582.19 3,780.20 | AD2 + Brushless DC Evap. Fan Motor
AD4 33.87 2,616.15 3,828.42 | AD3 + Enhanced-UA Evaporator Coil
AD5 33.43 2,656.63 3,885.90 | AD4 + Additional 1/2" Insulation
AD6 32.22 4,649.07 6,715.17 | AD5 + Vacuum Insulated Panels
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Table 5.7.9 Cost-Efficiency Data for the HZO.SC.M Equipment Class

Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 18.36 670.82 972.84 | Baseline
AD1 + High-Eff. Reciprocating
AD2 17.41 678.06 983.11 | Compressor
AD3 16.18 693.96 1,005.69 | AD2 + Enhanced-UA Condenser Coil
AD3 + Permanent Split Cap. Evap. Fan
AD4 15.86 698.61 1,012.30 | Motor
AD5 15.26 710.48 1,029.15 | AD4 + Enhanced-UA Evaporator Coil
AD6 14.89 717.98 1,039.79 | AD5 + Brushless DC Evap. Fan Motor
ADG + Permanent Split Cap. Cond. Fan
AD7 14.76 722.63 1,046.40 | Motor
ADS8 14.60 730.13 1,057.05 | AD7 + Brushless DC Cond. Fan Motor
AD9 14.49 759.49 1,098.74 | AD8 + Additional “2-inch Insulation
AD10 14.26 1,322.59 1,898.34 | AD9 + Vacuum Insulated Panels
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Table 5.7.10 Cost-Efficiency

y Data for the HZO.SC.L Equipment Class

Calculated

Manufacturer

Design Option | Daily Energy Production I\g;rllil:]fagﬁ::fer Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 39.25 882.63 1,273.60 | Baseline
AD1 + High-Eff. Reciprocating
AD2 36.93 897.42 1,294.60 | Compressor
AD2 + Permanent Split Cap. Evap. Fan
AD3 36.38 901.55 1,300.47 | Motor
AD4 33.08 929.41 1,340.02 | AD3 + Enhanced-UA Condenser Coil
AD5 31.37 950.20 1,369.55 | AD4 + Enhanced-UA Evaporator Coil
ADG6 30.78 958.99 1,382.03 | AD5 + Brushless DC Evap. Fan Motor
ADG + Permanent Split Cap. Cond. Fan
AD7 30.67 963.64 1,388.64 | Motor
ADS8 30.54 971.14 1,399.28 | AD7 + Brushless DC Cond. Fan Motor
AD9 30.37 1,000.25 1,440.62 | AD8 + Additional ¥-inch Insulation
AD10 29.91 1,730.09 2,476.99 | AD9 + Vacuum Insulated Panels
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Table 5.7.11 Cost-Efficiency Data for the VCT.RC.M Equipment Class

Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 24.85 | 4,548.80 6,694.37 Baseline
AD2 18.70 | 4,636.16 6,818.41 AD1 + LED Lighting
AD2 + Permanent Split Cap. Evap. Fan
AD3 17.30 | 4,659.42 6,851.45 Motor
AD4 15.56 | 4,696.91 6,904.68 AD3 + Brushless DC Evap. Fan Motor
AD5 8.10 | 5,057.76 7,417.09 ADA4 + High-Performance Door
AD5 + LED Lighting with Occupancy
AD6 6.26 | 5,148.24 7,545.57 Sensors
AD7 6.01 | 5,196.99 7,614.80 ADG + Additional %2-inch Insulation
ADS8 5.97 | 5,214.09 7,639.08 AD7 + Enhanced-UA Evaporator Coil
AD9 5.49 | 7,386.46 10,723.85 AD8 + Vacuum Insulated Panels

5-48




613,000 VCT.RC.L
Verical Remole Freszer with Transparent Doors
<
= G1.2,000 :
o i
L i
& 511,000 i
= i
= i
& 510,000 y
I
:.
§ 59,000 |
i)
= 58,000 . e
B -9
S 000
25 10 15 40 45 50 55 (] b5
Daily Energy Consumption [kKWhiday]
Figure 5.7.11 Cost-Efficiency Curve for the VCT.RC.L Equipment Class
Table 5.7.12 Cost-Efficiency Data for the VCT.RC.L Equipment Class
Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 60.84 5,036.82 7,387.35 | Baseline
AD1 + Permanent Split Cap. Evap. Fan
AD2 58.47 5,057.50 7,416.72 | Motor
AD3 51.25 5,144.85 7,540.76 | AD2 + LED Lighting
AD4 48.31 5,188.80 7,603.17 | AD3 + Brushless DC Evap. Fan Motor
AD5 33.27 5,477.48 8,013.09 | AD4 + High-Performance Door
AD5 + LED Lighting with Occupancy
AD6 31.13 5,567.96 8,141.58 | Sensors
AD7 30.58 5,616.20 8,210.08 | AD6 + Additional ¥2-inch Insulation
ADS8 30.29 5,646.64 8,253.30 | AD7 + Enhanced-UA Evaporator Coil
AD9 28.85 8,499.95 12,305.00 | AD8 + Vacuum Insulated Panels
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Table 5.7.13 Cost-Efficiency

Data for the VCT.SC.M Equipment Class

Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $

AD1 14.38 1,749.80 2,546.52 | Baseline
AD2 9.98 1,778.22 2,586.88 | AD1 + LED Lighting

AD?2 + High-Eff. Reciprocating
AD3 9.56 1,783.91 2,594.96 | Compressor

AD3 + Permanent Split Cap. Evap. Fan
AD4 8.88 1,793.22 2,608.17 | Motor
AD5 8.36 1,802.46 2,621.29 | AD4 + Enhanced-UA Condenser Coil
AD6 7.56 1,817.45 2,642.59 | AD5 + Brushless DC Evap. Fan Mator
AD7 4,18 1,961.79 2,847.55 | AD6 + High-Performance Door

AD7 + Permanent Split Cap. Cond. Fan
ADS8 4.08 1,971.10 2,860.76 | Motor

AD8 + LED Lighting with Occupancy
AD9 3.24 2,061.58 2,989.25 | Sensors
AD10 3.13 2,076.57 3,010.54 | AD9 + Brushless DC Cond. Fan Motor
AD11 2.98 2,108.40 3,055.73 | AD10 + Additional ¥-inch Insulation
AD12 2.97 2,115.29 3,065.52 | AD11 + Enhanced-UA Evaporator Coil
AD13 2.68 2,882.44 4,154.88 | AD12 + Vacuum Insulated Panels
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Table 5.7.14 Cost-Efficiency Data for the VCT.SC.L Equipment Class
Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 29.09 2,399.20 3,468.66 | Baseline
AD2 24.32 2,427.62 3,509.03 | AD1 + LED Lighting
AD2 + Permanent Split Cap. Evap. Fan
AD3 23.23 2,435.89 3,520.78 | Motor
AD4 21.51 2,451.85 3,543.43 | AD3 + Enhanced-UA Condenser Coil
ADA4 + High-Eff. Reciprocating
AD5 20.71 2,463.27 3,559.65 | Compressor
ADG6 19.51 2,480.85 3,584.62 | ADS5 + Brushless DC Evap. Fan Motor
AD7 13.48 2,596.32 3,748.59 | AD6 + High-Performance Door
ADS8 13.30 2,608.23 3,765.49 | AD7 + Enhanced-UA Evaporator Coil
AD8 + LED Lighting with Occupancy
AD9 12.44 2,698.71 3,893.98 | Sensors
AD9 + Permanent Split Cap. Cond. Fan
AD10 12.37 2,708.02 3,907.19 | Motor
AD11 12.18 2,739.84 3,952.38 | AD10 + Additional %2-inch Insulation
AD12 12.09 2,754.84 3,973.68 | AD11 + Brushless DC Cond. Fan Motor
AD13 11.57 3,786.27 5,438.31 | AD12 + Vacuum Insulated Panels
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Table 5.7.15 Cost-Efficiency Data for the VCT.SC.I Equipment Class
Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 38.26 2,485.76 3,594.62 | Baseline
AD2 32.35 2,514.18 3,634.99 | AD1 + LED Lighting
AD2 + Permanent Split Cap. Evap. Fan
AD3 31.03 2,522.46 3,646.73 | Motor
AD4 28.23 2,540.95 3,673.00 | AD3 + Enhanced-UA Condenser Coil
AD5 26.98 2,554.75 3,692.60 | AD4 + Enhanced-UA Evaporator Coil
AD?5 + High-Eff. Reciprocating
ADG6 25.76 2,568.82 3,712.57 | Compressor
AD7 24.45 2,586.40 3,737.53 | AD6 + Brushless DC Evap. Fan Motor
ADS8 17.57 2,701.87 3,901.50 | AD7 + High-Performance Door
AD8 + Permanent Split Cap. Cond. Fan
AD9 17.45 2,711.17 3,914.72 | Motor
AD9 + LED Lighting with Occupancy
AD10 16.51 2,801.66 4,043.20 | Sensors
AD11 16.36 2,816.65 4,064.49 | AD10 + Brushless DC Cond. Fan Motor
AD12 16.14 2,848.99 4,110.41 | AD11 + Additional Y2-inch Insulation
AD13 15.37 4,216.21 6,051.86 | AD12 + Vacuum Insulated Panels
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Table 5.7.16 Cost-Efficiency Data for the VCS.SC.M Equipment Class

Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $

AD1 4.45 1,150.32 1,694.25 | Baseline
AD1 + Permanent Split Cap. Evap. Fan

AD2 3.70 1,159.63 1,707.47 | Motor

AD3 3.42 1,163.41 1,712.84 | AD2 + Enhanced-UA Condenser Coil

AD4 2.53 1,178.41 1,734.13 | AD3 + Brushless DC Evap. Fan Motor
AD4 + High-Eff. Reciprocating

AD5 2.36 1,182.49 1,739.93 | Compressor

AD6 2.30 1,185.31 1,743.94 | AD5 + Enhanced-UA Evaporator Coil
ADG + Permanent Split Cap. Cond. Fan

AD7 2.17 1,194.62 1,757.16 | Motor

ADS8 2.01 1,209.61 1,778.45 | AD7 + Brushless DC Cond. Fan Motor

AD9 1.81 1,241.44 1,823.64 | AD8 + Additional “2-inch Insulation

AD10 1.39 2,008.59 2,912.99 | AD9 + Vacuum Insulated Panels
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Table 5.7.17 Cost-Efficiency Data for the VCS.SC.L Equipment Class

Calculated

Manufacturer

Design Option | Daily Energy Production hgea|TiL;]f;(|§|l:li£Zr Design Option Added
Level Consumption Cost $ Above the Baseline
kwWh/day $
AD1 11.00 1,281.21 1,880.11 | Baseline
AD1 + Permanent Split Cap. Evap. Fan
AD2 9.82 1,289.48 1,891.86 | Motor
AD3 9.05 1,296.54 1,901.88 | AD2 + Enhanced-UA Condenser Coil
AD4 7.69 1,314.12 1,926.84 | AD3 + Brushless DC Evap. Fan Motor
ADA4 + High-Eff. Reciprocating
AD5 7.26 1,323.06 1,939.54 | Compressor
AD6 7.07 1,328.33 1,947.02 | AD5 + Enhanced-UA Evaporator Coil
AD7 6.75 1,360.15 1,992.21 | AD6 + Additional “.-inch Insulation
AD7 + Permanent Split Cap. Cond. Fan
AD8 6.66 1,369.46 2,005.42 | Motor
AD9 6.56 1,384.45 2,026.71 | AD8 + Brushless DC Cond. Fan Motor
AD10 5.71 2,415.88 3,491.34 | AD9 + Vacuum Insulated Panels
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Table 5.7.18 Cost-Efficiency Data for the VCS.SC.I Equipment Class

Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kwWh/day $

AD1 25.12 | 1,483.43 2,171.32 Baseline

AD2 22.82 | 1,495.60 2,188.60 AD1 + Enhanced-UA Condenser Coil
AD2 + Permanent Split Cap. Evap. Fan

AD3 21.57 | 1,503.87 2,200.34 Motor

AD4 20.48 | 1,512.95 2,213.24 AD3 + Enhanced-UA Evaporator Coil

AD5 19.09 | 1,530.53 2,238.20 ADA4 + Brushless DC Evap. Fan Motor
AD?5 + High-Eff. Reciprocating

AD6 18.24 | 1,544.60 2,258.17 Compressor
ADG + Permanent Split Cap. Cond. Fan

AD7 18.11 | 1,5653.90 2,271.39 Motor

ADS8 17.79 | 1,586.24 2,317.31 AD7 + Additional “-inch Insulation

AD9 17.64 | 1,601.24 2,338.60 AD8 + Brushless DC Cond. Fan Motor

AD10 16.53 | 2,968.45 4,280.05 AD9 + Vacuum Insulated Panels
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Table 5.7.19 Cost-Efficiency Data for the HCT.SC.M Equipment Class

Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $

AD1 2.28 | 574.91 836.64 Baseline

AD2 2.03 | 577.51 840.33 AD1 + Enhanced-UA Condenser Coil
AD?2 + High-Eff. Reciprocating

AD3 1.87 | 580.92 845.17 Compressor
AD3 + Permanent Split Cap. Cond. Fan

AD4 1.73 | 585.06 851.04 Motor

AD5 0.84 | 643.35 933.83 ADA4 + High-Performance Door

AD6 0.75 | 652.14 946.31 AD5 + Brushless DC Cond. Fan Motor

AD7 0.67 | 679.02 984.47 ADG6 + Additional ¥2-inch Insulation

ADS8 0.49 | 1,035.59 1,490.80 AD7 + Vacuum Insulated Panels
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Table 5.7.20 Cost-Efficiency Data for the HCT.SC.L Equipment Class

Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 5.17 661.43 959.50 | Baseline
AD2 4,52 666.13 966.17 | AD1 + Enhanced-UA Condenser Coil
AD?2 + High-Eff. Reciprocating
AD3 4.11 673.06 976.01 | Compressor
AD4 1.83 731.35 1,058.79 | AD3 + High-Performance Door
ADA4 + Permanent Split Cap. Cond. Fan
AD5 1.77 735.49 1,064.66 | Motor
AD6 1.70 744.28 1,077.14 | AD5 + Brushless DC Cond. Fan Motor
AD7 1.57 771.16 1,115.31 | AD6 + Additional “-inch Insulation
ADS8 1.18 1,253.50 1,800.23 | AD7 + Vacuum Insulated Panels
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Table 5.7.21 Cost-Efficiency Data for the HCT.SC.I Equipment Class
Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 7.25 648.75 939.46 | Baseline
AD1 + High-Eff. Reciprocating
AD2 6.60 655.57 949.15 | Compressor
AD2 + Permanent Split Cap. Cond. Fan
AD3 6.37 659.71 955.02 | Motor
AD4 3.22 718.00 1,037.80 | AD3 + High-Performance Door
AD5 3.07 726.79 1,050.29 | AD4 + Brushless DC Cond. Fan Motor
AD6 2.86 753.93 1,088.82 | AD5 + Additional 1/2" Insulation
AD7 2.13 1,398.34 2,003.87 | AD6 + Vacuum Insulated Panels
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Figure 5.7.21 Cost-Efficiency Curve for the HCS.SC.M Equipment Class

Table 5.7.22 Cost-Efficiency Data for the HCS.SC.M Equipment Class

Calculated

Manufacturer

Design Option | Daily Energy Production I\g;TiL:]fa(l;trl:Iir(-;:r Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $
AD1 0.73 509.12 746.26 | Baseline
AD2 0.65 509.96 747.45 | AD1 + Enhanced-UA Condenser Coil
AD2 + High-Eff. Reciprocating
AD3 0.60 513.37 752.29 | Compressor
AD3 + Permanent Split Cap. Cond. Fan
AD4 0.56 517.51 758.17 | Motor
AD5 0.50 526.30 770.65 | AD4 + Brushless DC Cond. Fan Motor
AD6 0.42 552.24 807.48 | AD5 + Additional Y2-inch Insulation
AD7 0.25 831.03 1,203.36 | AD6 + Vacuum Insulated Panels
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Table 5.7.23 Cost-Efficiency Data for the HCS.SC.L Equipment Class

Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $

AD1 2.11 520.44 762.34 | Baseline

AD2 1.88 521.70 764.12 | AD1 + Enhanced-UA Condenser Coil
AD?2 + High-Eff. Reciprocating

AD3 1.73 525.01 768.82 | Compressor
AD3 + Permanent Split Cap. Cond. Fan

AD4 1.61 529.15 774.69 | Motor

AD5 1.46 537.94 787.18 | AD4 + Brushless DC Cond. Fan Motor

AD6 1.27 563.88 824.01 | AD5 + Additional Y2-inch Insulation

AD7 0.74 942.20 1,361.22 | AD6 + Vacuum Insulated Panels
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Figure 5.7.23 Cost-Efficiency Curve for the SOC.RC.M Equipment Class

Table 5.7.24 Cost-Efficiency Data for the SOC.RC.M Equipment Class

Calculated Manufacturer Manufacturer

Design Option | Daily Energy Production Selling Price Design Option Added

Level Consumption Cost % Above the Baseline

kWh/day $
AD1 29.30 5,022.51 7,297.13 | Baseline
AD1 + Permanent Split Cap. Evap. Fan

AD2 28.18 5,041.13 7,323.56 | Motor
AD3 27.01 5,061.81 7,352.93 | AD2 + Super T8 Lighting
AD4 25.62 5,091.80 7,395.51 | AD3 + Brushless DC Evap. Fan Motor
AD5 24.97 5,111.42 7,423.38 | AD4 + Enhanced-UA Evaporator Coil
AD6 20.43 5,438.96 7,888.48 | AD5 + LED Lighting
AD7 20.31 5,472.28 7,935.80 | AD6 + Additional ¥2-inch Insulation
ADS8 20.15 5,575.69 8,082.64 | AD7 + High-Performance Door
AD9 19.93 6,467.08 9,348.41 | AD8 + Vacuum Insulated Panels
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Figure 5.7.24 Cost-Efficiency Curve for the SOC.SC.M Equipment Class

Table 5.7.25 Cost-Efficiency Data for the SOC.SC.M Equipment Class

Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost % Above the Baseline
kWh/day $

AD1 35.76 5,462.07 7,921.29 | Baseline
ADL1 + High-Eff. Reciprocating

AD2 34.32 5,471.63 7,934.88 | Compressor

AD3 31.97 5,497.92 7,972.21 | AD2 + Enhanced-UA Condenser Coil
AD3 + Permanent Split Cap. Evap. Fan

AD4 30.77 5,516.54 7,998.64 | Motor

AD5 29.53 5,537.22 8,028.01 | AD4 + Super T8 Lighting

ADG6 28.04 5,567.21 8,070.59 | ADS5 + Brushless DC Evap. Fan Motor

AD7 27.23 5,586.83 8,098.45 | AD6 + Enhanced-UA Evaporator Coil
AD7 + Permanent Split Cap. Cond. Fan

AD8 27.04 5,596.14 8,111.67 | Motor

AD9 26.80 5,611.13 8,132.96 | AD8 + Brushless DC Cond. Fan Motor

AD10 22.02 5,938.67 8,598.07 | AD9 + LED Lighting

AD11 21.88 5,971.99 8,645.38 | AD10 + Additional %2-inch Insulation

AD12 21.70 6,075.40 8,792.22 | AD11 + High-Performance Door

AD13 21.41 6,966.79 10,057.99 | AD12 + Vacuum Insulated Panels
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Table 5.7.26 Cost-Efficiency Data for the PD.SC.M Equipment Class

Calculated Manufacturer Manufacturer
Design Option | Daily Energy Production Selling Price Design Option Added
Level Consumption Cost $ Above the Baseline
kWh/day $

AD1 8.35 1,004.47 1,463.83 | Baseline

AD2 5.14 1,019.71 1,485.48 | AD1 + LED Lighting
AD2 + Permanent Split Cap. Evap.

AD3 4.80 1,024.37 1,492.09 | Fan Motor

AD4 4.49 1,030.03 1,500.13 | AD3 + Enhanced-UA Condenser Coil

AD5 4.08 1,037.52 1,510.77 | AD4 + Brushless DC Evap. Fan Motor
ADS5 + High-Eff. Reciprocating

ADG6 3.90 1,043.21 1,518.85 | Compressor

AD7 2.23 1,115.38 1,621.33 | AD6 + High-Performance Door
AD7 + Permanent Split Cap. Cond.

AD8 2.20 1,120.03 1,627.94 | Fan Motor

AD9 2.16 1,127.53 1,638.58 | AD8 + Brushless DC Cond. Fan Motor
AD9 + LED Lighting with Occupancy

AD10 1.75 1,218.01 1,767.07 | Sensors

AD11 1.64 1,247.84 1,809.42 | AD10 + Additional %2-inch Insulation
AD11 + Enhanced-UA Evaporator

AD12 1.64 1,252.07 1,815.43 | Coil

AD13 1.42 1,853.57 2,669.56 | AD12 + Vacuum Insulated Panels

5.8

OFFSET FACTORS

Equipment energy use scales with equipment size, but smaller equipment tends to use
more energy per unit of TDA or volume than larger equipment in the same equipment class. This
extra energy is attributed to components of case load that do not scale with equipment size.
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These load components therefore have a disproportionate effect on the energy consumption of

small equipment. In its 2009 final rule, DOE developed offset factors to account for these load

components, commonly referred to as “end effects,” as a way to adjust standards to allow more
energy use for smaller equipment.

During the early stages of the 2009 final rule analysis, stakeholders raised concerns that
standards developed for large sizes of equipment would be unfair when applied to smaller
equipment in the same class, because of the end effects that disproportionately affect smaller
equipment. In its engineering analysis, DOE developed cost-efficiency curves for a single size
within each equipment class. The representative size selected for each class was toward the
larger end of the equipment available within that class. DOE intended for standards to be based
on this single analysis point (the point defined by TDA or volume and CDEC). Accordingly, in
the 2009 rulemaking advance notice of proposed rulemaking, DOE expressed intent to
implement standards by requiring equipment to meet an energy consumption limit defined by a
line drawn between the origin and the point determined by the engineering cost-efficiency curve.
(See the left pane of Figure 5.8.1.) However, the stakeholder concerns previously mentioned led
DOE to account for end effects in later stages of the rulemaking and in the final rule. As the right
pane of Figure 5.8.1 shows, the offset factor fixes the left end of the standard equation at a fixed
offset on the CDEC axis, effectively providing a higher limit on energy consumption for smaller
equipment.
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Figure 5.8.1 Illustration of Offset Factor using TDA as the Normalization Metric

Using this methodology, a standard equation consists of two components: a size-
dependent multiplier (slope) and a constant (offset factor). DOE calculated the slopes of the
standard equations for its 2009 final rule standard levels as the difference between the CDEC at
the analysis point corresponding to the selected standard level and the offset factor, divided by
the value of the normalization metric at the analysis point.

In determining offset factors in the 2009 final rule, DOE considered different end effects
for each equipment family. For all open cases (VOP, SVO, and HZO), DOE considered the
effects of heat conduction through the case ends, as well as the infiltration load end effects. For
VCT cases, the conduction through the ends was taken into account, as well as the heat load and
electrical load of one T8 lamp. In the remaining equipment families (SOC, HCT, VCS), DOE
only considered the conduction effects through the case ends. DOE then summed these heat
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loads for each class and calculated the daily energy use of the compressor for that class. For all
equipment classes except for those in the VCT equipment family, this became the offset factor.
For VCT equipment, DOE also considered the amount of electrical energy consumed by lighting.
These values then become the offset factors, representing energy use end effects for each
equipment class in the 2009 final rule standard-level equations. Similarly, the EPACT 2005
standard-level equations also contained analogous values that would provide a non-zero energy
allowance at zero volume, representing the end effects for that equipment.

When developing standard-level equations for each primary equipment class at the five
trial standard levels (TSLs) considered in this NOPR, DOE revised the offset factors in the
current standard levels commensurately to reflect decreasing energy use by a given unit at higher
TSLs. However, adjusting the offset factors and the analysis point (the energy consumption of
the representative unit modeled in the engineering analysis) disproportionately in comparison to
the values allowed by the current standards would cause a significant change in the slopes of the
standard-level equations, resulting in standard levels that would negatively impact either smaller
or larger units as compared to the existing EPACT 2005 and 2009 final rule standards. To avoid
this, DOE instead scaled the existing offset factors from the 2009 final rule and EPACT 2005
standards using the engineering analysis results for each equipment class at each TSL. DOE first
calculated the allowable energy consumption under the existing standard for each class at the
representative size analyzed, and then compared those standards values to the energy
consumption values at each TSL produced by the engineering analysis. The ratio of these two
values was then used as a multiplier on the existing offset factor for each equipment class at each
TSL, and the resulting values were used as the offset factors for the new standard-level
equations.

5.9 EXTENSION OF ANALYSIS TO SECONDARY EQUIPMENT CLASSES

In its 2009 final rule, DOE did not analyze all covered equipment classes, but focused its
analysis on 15 high-shipment equipment classes. In that rule, DOE developed an extension
approach to apply the standards developed for these 15 “primary” classes to the remaining 23
“secondary” classes. This approach involved extension multipliers developed with the 15
primary results and a set of focused matched-pair analyses. The matched-pair analyses compared
calculated energy consumption levels for pieces of equipment with similar designs but one major
construction or operational difference corresponding to a change in the equipment family,
condenser configuration, or operating temperature. For example, vertical open remote
condensing cases operating at medium and low temperatures were compared in one portion of
the analysis. The relationships between these sets of units were then used to determine the
isolated effect of the given design or operational difference on applicable equipment. These
extension multipliers represent the relationship in terms of energy consumption between
different equipment classes, such as remote condensing and self-contained equipment with a
given operating temperature and door configuration. In addition, DOE determined that standards
for certain primary equipment classes could be directly applied to other similar secondary
equipment classes, implying that the extension multiplier is equal to 1.0. Section 5.9.1 describes
in detail the methodology that DOE used in the 2009 final rule analyses to develop extension
multipliers.
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After examining the performance and characteristics of the equipment classes analyzed in
the current rulemaking, DOE preserved the 2009 extension multiplier approach for application in
this rulemaking. DOE’s use of this approach in the current rulemaking is discussed in detail in
section 5.9.2.

591 Development of Extension Multiplier Approach in 2009 Rulemaking

During the 2009 rulemaking, DOE examined extending standards using the 15 primary
equipment classes developed in its engineering analysis. Using size-normalized baseline energy
consumption values, several trends became apparent for certain subgroups of equipment. DOE
examined several related pairs of equipment classes to develop extension multipliers.

First, DOE examined the energy consumption/TDA relationship between remote and
self-contained medium-temperature equipment without doors (Table 5.9.1). There was
reasonable agreement across equipment families among medium-temperature open equipment,
with an average multiplier of 2.51 between remote and self-contained equipment. The
differences between remote and self-contained equipment were similar for VOP, SVO, and HZO
equipment. In addition to the inclusion of a self-contained condensing unit, which is less
efficient than remote condensing systems, self-contained open equipment must have provisions
for dealing with defrost meltwater. Because self-contained equipment is designed to be mobile,
defrost meltwater must be collected in a drain pan and evaporated using electric-resistance
heating. This feature adds considerable energy use to open self-contained equipment, helping to
explain the larger energy consumption of self-contained equipment. The 2.51 multiplier was
also applicable to low- and ice-cream-temperature equipment without doors. The differences in
design were found to be similar for low-temperature and ice-cream-temperature equipment,
consisting of a self-contained condensing unit and the addition of a defrost meltwater
evaporation system. Thus, the 2.51 multiplier was applied to the following standard extensions
in the 2009 final rule:

VOP.RC.L to VOP.SC.L
SVO.RC.L to SVO.SC.L
VOP.RC.1to VOP.SC.1
SVO.RC.Ito SVO.SC.I
HZO.RC.I to HZO.SC.I

Table 5.9.1 Extension Multipliers for Remote and Self-Contained Equipment Without
Doors

Relationship CDEC/TDA Multiplier
VOP.RC.M to VOP.SC.M 2431
SVO.RC.M to SVO.SC.M 2.376
HZO.RC.M to HZ0.SC.M 2.712

DOE next examined the CDEC/TDA relationship between low-temperature and ice-
cream-temperature remote equipment using a focused matched-pair analysis. The focused
matched-pair analysis methodology established a correlation between rating temperature levels
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and CDEC/TDA, using data collected from manufacturer specification sheets. DOE quantified
the differences in energy consumption for matched pairs of equipment classes that were very
similar in features and dimensions but had different operating temperatures. Pairs of units at low
and ice-cream temperatures were selected from several different manufacturers for comparison.
From a given manufacturer DOE selected identical units designed to operate at multiple
temperatures to isolate operating temperature as the only variable.

The matched-pair results showed that VCT.RC.I units (at -15 °F) had on average
CDEC/TDA values that were 1.17 times higher than comparable VCT.RC.L units. The 1.17
multiplier was also applicable to other similar equipment types with doors. Differences in design
consisted of a lower operating temperature (resulting in a lower compressor EER) and higher
defrost and anti-sweat heater power. Thus, the 1.17 multiplier was applied to the following
standard extensions:

e SOC.RC.Lto SOC.RC.I
e HCT.RC.Lto HCT.RC.I

The matched-pair results further showed that HZO.RC.I units (at -15 °F) had on average
CDEC/TDA values that were 1.27 times higher than comparable HZO.RC.L units. The 1.27
multiplier was also applicable to other similar equipment types without doors. Differences in
design consisted of a lower operating temperature (resulting in a lower compressor EER) and
higher defrost and anti-sweat heater power. Thus, the 1.27 multiplier was applied to the
following standard extensions:

VOP.RC.L to VOP.RC.I
SVO.RC.L to SVO.RC.I
VOP.SC.L to VOP.SC.I
SVO.SC.L to SVO.SC.I
HZ0O.SC.L to HZO.SC.1

DOE next examined the CDEC/TDA relationship between remote and self-contained ice-
cream-temperature equipment with transparent doors. To make this comparison, DOE used the
matched-pair results to estimate the baseline CDEC/TDA values for VCT.RC.I equipment, and
compared the results to VCT.SC.I equipment. The comparison showed that CDEC/TDA values
for VCT.SC.I equipment were 1.40 times higher than VCT.RC.I equipment. DOE understood
that this difference in energy use was due to the differences in efficiency of the self-contained
condensing unit, as well as the addition of defrost meltwater evaporation systems. However, in
contrast to open equipment, equipment with transparent doors is subject to a much lower
infiltration load, and thus a lower meltwater evaporation requirement. This led to a lower
multiplier than was seen for open equipment. The 1.40 multiplier was applied to the following
standard extensions:

SOC.RC.1to SOC.SC.I
HCT.RC.l1to HCT.SC.I
VCS.RC.1to VCS.SC.I
HCS.RC.Ito HCS.SC.I
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Finally, DOE examined the relationship between medium- and low-temperature remote
equipment with transparent doors. Both the VCT.RC.M and VCT.RC.L equipment classes were
directly examined in the engineering analysis. Using the engineering results, the comparison
showed that CDEC/TDA values for VCT.RC.L equipment were 2.10 times higher than
VCT.RC.M equipment. This difference was due to the higher defrost heater power and anti-
sweat heater power requirements of low-temperature equipment. The 2.10 multiplier was
applied to the standard extension from HCT.RC.M to HCT.RC.L in the 2009 final rule.

5.9.2 Current Use of Extension Multiplier Methodology

In the current rulemaking, DOE preserved the extension multiplier approach and values
used in the 2009 final rule analysis (and described in section 5.9.1) for the classes covered under
that rulemaking. As the standards set in the 2009 final rule carried a compliance date of January
1, 2012, DOE was not able to analyze equipment manufactured to comply with those standards
as part of its engineering analysis for the current rulemaking. Therefore DOE used, as discussed
previously, a market baseline of available equipment specifications, which was the same as that
used in the 2009 final rule. Because the extension multipliers were developed in the 2009 final
rule based on normalized baseline energy consumption values, and the engineering baseline was
not changed in this rulemaking, DOE believes that the multipliers from the 2009 rulemaking
continue to accurately represent the relationship of the respective various equipment groups, and
can be retained. Additionally, because these multipliers largely reflect the existence of basic
differences in design features and thermal performance between classes, which will always exist
regardless of efficiency improvement with the classes, DOE believes that these multipliers
remain applicable to the equipment designs covered in the current rulemaking.

DOE used these extension multipliers by applying them alone or in combination to the
standard-level equations, based on the results of the engineering analysis and the offset factors
calculated, that it had developed for the primary equipment classes at the baseline and each of
the five TSLs. The result was a set of standard-level equations for all of the secondary equipment
classes at the TSLs examined. The values of the extension multipliers used and the equipment
type relationships to which they correspond are listed in Table 5.9.2.

Table 5.9.2 Extension Multipliers

Mullztigﬁﬁl(\)/r;lue Extension Relationship

251 Medium temperature to low temperature; equipment without doors; Example,
' VOP.SC.M to VOP.SC.L

117 Low temperature to ice-cream temperature for equipment with transparent doors;
' Example, VCT.RC.L to VCT.RC.I

197 Low temperature to ice-cream temperature for equipment without doors; Example
' VOP.RC.L to VOP.RC.I

1.40 Remote condensing to self-contained for equipment with doors; Example
' VCS.RC.I to VCS.SC.I

210 Medium temperature to low temperature for equipment with doors; Example
' SOC.RC.M to SOC.RC.L

These five extension multipliers were sufficient to extend standard-level equations from
the primary equipment classes to all 24 secondary equipment classes. The specific extension
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multiplier combinations used to yield standard-level equations at each TSL for the secondary
classes are depicted in Table 5.9.3.

Table 5.9.3 Extension Multipliers by Equipment Class

RC sC
| L M | L M
_ [voP | 1l27a a b 1.27(2.510) 251c c
€ [svo | 127a = d 1.27(2.51e) 251e e
O Mhzo | 127 f g 1.27h h i
SOC | 1.17(2.10)) 2.10j j 1.40(L.17(2.10))) 2.10p p
o [VCT [ 117k K | m
8 [HcT | w140 | (WL40Y1.17 | (WL40)/1.17)/2.10 n EPACT 2005
O [VCS | o/140 | (o/L40)/1.17 | ((0/1.40)/1.17)/2.10 0 Primary Classes'
HCS | o/L40 | (o/L40)L.17 | ((o/L.40)/1.17)/2.10 o=

*Classes represented by bold letters are primary classes examined directly in the engineering analysis

**The SVO.RC.L and HCS.SC.I classes were determined to have the exact same normalized baseline energy consumption levels
as the VOP.RC.L and VCS.SC.I classes, respectively.

TEquipment classes for which standards were set in EPACT 2005 are all primary classes except for SOC.SC.L. Thus no
extension multipliers were needed or relevant in developing proposed standards for these classes of EPACT 2005 equipment.
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APPENDIX 5A. ENGINEERING DATA
5A.1 INTRODUCTION

This appendix presents baseline specifications and other details for each of the
commercial refrigeration equipment classes directly analyzed in the engineering analysis
(chapter 5 of the technical support document (TSD)).

5A.2 BASELINE SPECIFICATIONS

Table 5A.2.1 shows baseline design options for each of the commercial refrigeration
equipment classes analyzed in the engineering analysis. All changes to cost and efficiency are
measured relative to this level in the engineering analysis. Refer to chapter 5 of the TSD for
details about each baseline technology.

Table 5A.2.2 shows baseline specifications (or case design specifications) for each of the
commercial refrigeration equipment classes analyzed in the engineering analysis. These
specifications include dimensions, numbers of components, temperatures, nominal power
ratings, and other case features that are necessary to calculate the energy consumption of each
equipment class. In conjunction with baseline design option levels, the baseline specifications
define the energy consumption and cost of the typical minimum technology equipment on the
market.
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Table 5A.2.1 Baseline Design Options?®

VOP.RC.M | VOP.RC.L | VOP.SC.M | SVO.RC.M SVO.SC.M | HZO.RC.M | HZO.RC.L | HZO.SC.M
Lighting for VOP, SVO, T8 T8 T8 T8 T8 Electronic - - -
and SOC Electronic Electronic Electronic Electronic
Lighting for VCT and PD - - - - - - - -
Evaporator Coil Standard Standard Standard Standard Standard Coil Standard Standard Standard

Caoil Coil Caoil Coil Caoil Caoil Coil
Evaporator Fan Motors Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole
Case Insulation Standard Standard Standard Standard Standard Standard Standard Standard
Doors for VCT.XX.L/I - - - - - - - -
Doors for VCT/PD.XX.M - - - - - - - -
Doors for HCT.XX.L/I - - - - - - - -
Doors for HCT.XX.M - - - - - - - -
Doors for SOC.XX.L/I - - - - - - - -
Doors for SOC.XX.M - - - - - - - -
Condenser Coil Area - - Standard - Standard - - Standard
(SC Only)
Condenser Fan Motors - - Shaded Pole - Shaded Pole - - Shaded Pole
(SC only)
Compressor (SC only) - - Single- - Single-Speed - - Single-
Speed Hermetic Speed
Hermetic Hermetic

Night Curtains None None None None None - - -

2 Equipment class designations consist of a combination—in sequential order separated by a period—of an equipment family code (VOP - vertical open, SVO -
semivertical open, HZO - horizontal open, VCT - vertical closed transparent, VCS - vertical closed solid, HCT - horizontal closed transparent, HCS - horizontal
closed solid, SOC - service over counter, or PD — pull-down equipment), an operating mode code (RC - remote condensing or SC - self-contained), and a rating
temperature code (M - medium temperature, L - low temperature, or | - ice-cream temperature). See chapter 3, Market and Technology Assessment, for a more
detailed explanation of the equipment class terminology.
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Table 5A.2.1 (cont)

HZO.SC.L | VCT.RCM | VCT.RC.L | VCT.SCM | VCT.SC.L | VCT.SC.I | VCS.SC.M | VCS.SC.L | VCS.SC.I
Lighting for VOP, - - - - - - - - -
SVO, and SOC
Lighting for VCT and - T8 T8 T8 T8 T8 - - -
PD Electronic Electronic Electronic Electronic Electronic
Evaporator Caoil Standard Standard Standard Standard Standard Standard Standard Standard Standard
Evaporator Fan Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole Shaded
Motors Pole
Case Insulation Standard Standard Standard Standard Standard Standard Standard Standard Standard
Doors for - - Standard - Standard Standard - - -
VCT.XX.L/I
Doors for - Standard - Standard - - - - -
VCT/PD.XX.M
Doors for - - - - - - - - -
HCT.XX.L/I
Doors for - - - - - - - - -
HCT.XX.M
Doors for - - - - - - - - -
SOC.XX.L/I
Doors for SOC.XX.M - - - - - - - - -
Condenser Coil Area Standard - - Standard Standard Standard Standard Standard Standard
(SC Only)
Condenser Fan Shaded Pole - - Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole Shaded
Motors Pole
(SC only)
Compressor (SC Single-Speed - - Single- Single- Single- Single- Single- Single-
only) Hermetic Speed Speed Speed Speed Speed Speed

Hermetic Hermetic Hermetic Hermetic Hermetic Hermetic

Night Curtains
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Table 5A.2.1 (cont)

HCT.SC.M | HCT.SC.L HCT.SC.I HCS.SC.M | HCS.SC.L | SOC.SC.M | SOC.RC.M PD.SC.M
Lighting for VOP, - - - - - T8 T8 -
SVO, and SOC Electronic Electronic
Lighting for VCT and - - - - - - - T8
PD Electronic
Evaporator Caoil - - - - - Standard Standard Standard
Evaporator Fan - - - - - Shaded Pole | Shaded Pole | Shaded Pole
Motors
Case Insulation Standard Standard Standard Standard Standard Standard Standard Standard
Doors for - - - - - - - -
VCT.XX.L/I
Doors for - - - - - - - Standard
VCT/PD.XX.M
Doors for - Standard Standard - - - - -
HCT.XX.L/I
Doors for HCT.XX.M Standard - - - - - - -
Doors for - - - - - - - -
SOC.XX.L/I
Doors for SOC.XX.M - - - - - Standard Standard -
Condenser Coil Area Standard Standard Standard Standard Standard Standard - Standard
(SC Only)
Condenser Fan Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole | Shaded Pole - Shaded Pole
Motors
(SC only)
Compressor (SC only) Single- Single- Single- Single- Single- Single- - Single-

Speed Speed Speed Speed Speed Speed Speed
Hermetic Hermetic Hermetic Hermetic Hermetic Hermetic Hermetic

Night Curtains
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Table 5A.2.2 Baseline Specifications

VOP.RC.M | VOP.RC.L | VOP.SC.M | SVO.RC.M | SVO.SC.M | HZO.RC.M | HZO.RC.L

Case Length (ft) 12 12 4 12 4 12 12
Case Gross Refrigerated Volume (ft%) 130.2 109.83 32 46.55 9.4 33 55
Case Total Display Area (ft?) 53.3 44.66 14.93 40 12.8 33 46
Number of Doors (#) 0 0 0 0 0 0 0
Single Door Area (ft?) 0 0 0 0 0 0 0
Non-Door Glass Area (ft?) 0 0 0 0 0 0 0
Non-Door Anti-Sweat Power (W) 0 600 0 50 100 50 200
Wall Area (ft?) 175.925 214 61 1134 40.2 93.275 140
Insulation Thickness (in.) 1.5 2 1.5 1.5 1.5 1.5 2
Case Interior Surface Area (ft?) 130.225 118.5 47.5 72.5 21.3 48.35 82
Air Curtain Angle from Vertical (°) 8.5 7.28 6.05 47 57 82 90
Infiltrated Air Mass Flow (Ib/hr) 860 530 300 590 220 250 140
Number of Bulbs in Conditioned Space (#) 12 0 4 9 3 0 0
Number of Bulbs Not in Conditioned Space (#) 9 9 3 6 2 0 0
Number of Ballasts in Conditioned Space (#) 0 0 0 0 0 0 0
Number of Ballasts Not in Conditioned Space (#) 7 3 3 5 2 0 0
Evaporator Fan Nominal Rated Wattage (W/fan) 9 9 6 9 6 9 9
Number of Evaporator Fans per Case (#) 6 14 2 4 1 4 4
Condenser Fan Nominal Rated Wattage (W/fan) 0 0 9 0 9 0 0
Number of Condenser Fans per Case (#) 0 0 3 0 2 0 0
Discharge Air Temperature (DAT) (F) 25 -10 25 25 25 25 -10
Baseline Evaporator Temperature (SET) (F) 15 -20 15 15 15 15 -20
Baseline Condenser Temperature (SCT) (F) 0 0 95 0 95 0 0
Compressor Oversize Multiplier 0 0 1.3 0 1.3 0 0
Defrost Mechanism (OFF, ELE, MAN) OFF ELE OFF OFF OFF ELE ELE
Defrost Time per Day (hr) 4.5 2 2.8 3 2.8 1 1
Defrost and Drain Heater Power (W) 0 8700 0 0 0 1000 3000
Condensate Pan Heater Power (W) 0 0 1500 0 1100 0 0
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Table 5A.2.2 (cont)

HZO.SCM HZOSC.L | VCTRCM | VCTRCL | VCT.SCM VCT.SCL VCT.SC.I

Case Length (ft) 4 4 12.725 12.74 4.5 4.5 4.3
Case Gross Refrigerated Volume (ft%) 7.5 7.4 142 133.5 49 49 48
Case Total Display Area (ft?) 12 12 65 65 20.7 20.7 26
Number of Doors (#) 0 0 5 5 2 2 2
Single Door Area (ft?) 0 0 13 13 10.35 10.35 13
Non-Door Glass Area (ft?) 4 4 0 0 0 0 0
Non-Door Anti-Sweat Power (W) 100 300 0 0 0 0 0
Wall Area (ft?) 54 52 204 200 73.02 73.02 77
Insulation Thickness (in.) 1.5 2 1.5 2 1.5 2 2.5
Case Interior Surface Area (ft?) 19.8 19.5 146.5 145 63.98 63.98 64
Air Curtain Angle from Vertical (°) 85 85 - - - - -
Infiltrated Air Mass Flow (Ib/hr) 100 100 30 30 10.61 10.60 15
Number of Bulbs in Conditioned Space (#) 0 0 6 6 3 3 3
Number of Bulbs Not in Conditioned Space (#) 0 0 0 0 0 0 0
Number of Ballasts in Conditioned Space (#) 0 0 6 6 3 3 3
Number of Ballasts Not in Conditioned Space (#) 0 0 0 0 0 0 0
Evaporator Fan Nominal Rated Wattage (W/fan) 6 9 6 9 6 9 9
Number of Evaporator Fans per Case (#) 1 1 5 5 2 2 2
Condenser Fan Nominal Rated Wattage (W/fan) 6 6 0 0 6 6 6
Number of Condenser Fans per Case (#) 1 1 0 0 2 2 2
Discharge Air Temperature (DAT) (F) 25 -10 32 -5 32 -5 -20
Baseline Evaporator Temperature (SET) (F) 15 -20 27 -11 27 -11 -30
Baseline Condenser Temperature (SCT) (F) 95 95 0 0 95 95 95
Compressor Oversize Multiplier 1.3 1.3 0 0 1.3 1.3 1.3
Defrost Mechanism (OFF, ELE, MAN) ELE ELE OFF ELE OFF ELE ELE
Defrost Time per Day (hr) 1 1.5 1 1 1 1 1
Defrost and Drain Heater Power (W) 400 900 0 5000 0 1766.09 2580
Condensate Pan Heater Power (W) 300 400 0 0 0 200 200

5A-6




Table 5A.2.2 (cont)

VCS.SCM VCS.SC.L VCS.SC. HCT.SCM HCT.SC.L HCT.SC.I HCS.SC.M

Case Length (ft) 4.5 4.5 4.3 3.8 3.8 3.42 4.2
Case Gross Refrigerated Volume (ft%) 49 49 48 8.83 8.83 10.2 7.03
Case Total Display Area (ft?) 0 0 0 7.656 7.656 5.12 0
Number of Doors (#) 2 2 2 2 2 2 1
Single Door Area (ft?) 10.35 10.35 13 3.828 3.828 2.56 7.03
Non-Door Glass Area (ft?) 0 0 0 0 0 0 0
Non-Door Anti-Sweat Power (W) 0 0 250 0 0 0 0
Wall Area (ft?) 73.02 73.02 77 34.75 34.75 36.77 27.50
Insulation Thickness (in.) 1.5 2 2.5 1.5 2 2.5 1.5
Case Interior Surface Area (ft?) 0 0 0 0 21.34 26.1 0
Air Curtain Angle from Vertical (°) - - - - - - -
Infiltrated Air Mass Flow (Ib/hr) 10.61 10.60 15 2.25 2.25 3 2.49
Number of Bulbs in Conditioned Space (#) 0 0 0 0 0 0 0
Number of Bulbs Not in Conditioned Space (#) 0 0 0 0 0 0 0
Number of Ballasts in Conditioned Space (#) 0 0 0 0 0 0 0
Number of Ballasts Not in Conditioned Space (#) 0 0 0 0 0 0 0
Evaporator Fan Nominal Rated Wattage (W/fan) 6 9 9 0 0 0 0
Number of Evaporator Fans per Case (#) 2 2 2 0 0 0 0
Condenser Fan Nominal Rated Wattage (W/fan) 6 6 6 9 9 9 9
Number of Condenser Fans per Case (#) 2 2 2 1 1 1 1
Discharge Air Temperature (DAT) (F) 32 -5 -20 32 -5 -20 32
Baseline Evaporator Temperature (SET) (F) 27 -11 -30 27 -11 -30 27
Baseline Condenser Temperature (SCT) (F) 95 95 95 95 95 95 95
Compressor Oversize Multiplier 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Defrost Mechanism (OFF, ELE, MAN) OFF ELE ELE OFF MAN MAN OFF
Defrost Time per Day (hr) 1 1 1 1 0 0 1
Defrost and Drain Heater Power (W) 0 1766.09 2580 0 0 0 0
Condensate Pan Heater Power (W) 0 200 200 0 0 0 0
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Table 5A.2.2 (cont)

HCS.SC.L | SOC.SCM | SOC.RC.M PD.SC.M

Case Length (ft) 4.2 12 12 2.5
Case Gross Refrigerated Volume (ft%) 7.03 66 66 27
Case Total Display Area (ft?) 0 51 51 11.6
Number of Doors (#) 2 6 6 1
Single Door Area (ft?) 3.125 3.5 3.5 11.6
Non-Door Glass Area (ft?) 0 30 30 0
Non-Door Anti-Sweat Power (W) 0 200 200 0
Wall Area (ft?) 27.5 84.6 84.6 57.58
Insulation Thickness (in.) 2 1.5 1.5 1.5
Case Interior Surface Area (ft?) 0 61.6 61.6 46.71
Air Curtain Angle from Vertical (°) - - - -
Infiltrated Air Mass Flow (Ib/hr) 2.49 15 15 5.89
Number of Bulbs in Conditioned Space (#) 0 15 15 2
Number of Bulbs Not in Conditioned Space (#) 0 0 0 0
Number of Ballasts in Conditioned Space (#) 0 0 0 1
Number of Ballasts Not in Conditioned Space (#) 0 5 5 0
Evaporator Fan Nominal Rated Wattage (W/fan) 0 6 6 6
Number of Evaporator Fans per Case (#) 0 4 4 1
Condenser Fan Nominal Rated Wattage (W/fan) 9 6 0 6
Number of Condenser Fans per Case (#) 1 2 0 1
Discharge Air Temperature (DAT) (F) -5 30 30 32
Baseline Evaporator Temperature (SET) (F) -11 20 20 27
Baseline Condenser Temperature (SCT) (F) 95 95 0 95
Compressor Oversize Multiplier 1.3 1.3 0 2
Defrost Mechanism (OFF, ELE, MAN) MAN ELE ELE OFF
Defrost Time per Day (hr) 0 1.2 1.2 1
Defrost and Drain Heater Power (W) 0 1600 1600 0
Condensate Pan Heater Power (W) 0 0 0 0

5A.3 LIGHTING CONFIGURATIONS

Lighting for use in cases with transparent doors functions differently than lighting for use
in cases without doors. Cases with transparent doors typically display boxed merchandise, and
only products on the front of the shelves are visible to the consumer. Therefore, the only portion
of the display case that requires illumination is the area on the front surface of the case at the
front of the shelves. Since this is only a limited area that requires lighting, light-emitting diodes
(LEDs) offer an advantage over fluorescent lighting in vertical refrigerated cases with
transparent doors because of the directional nature of LED lighting.

As part of the engineering analysis for the 2009 final rule (74 FR 1092 (Jan. 9, 2009)),
the U.S. Department of Energy (DOE), with input from manufacturers and other stakeholders,
developed lighting configurations for cases with transparent doors. DOE has retained these
configurations as part of this analysis, and has further developed additional configurations for
equipment classes not covered in the 2009 rulemaking. For the VCT equipment family, DOE
assumed one fluorescent bulb on each mullion and a fluorescent bulb on each end of the case.
There are two different types of LED lighting used in cases with transparent doors. A center
mullion lighting fixture is used between doors and is designed to have half of the LED emitters
directed toward one door and half of the LED chips directed toward the other door. An end
mullion lighting fixture has half the light output, cost, and power consumption of a center
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mullion lighting fixture. The LED emitters in an end mullion lighting fixture are all directed
toward the one door next to which they are located. Therefore, two end mullion lighting fixtures
are the approximately equivalent to a single center mullion lighting fixture with regard to cost,
light output, and power consumption. DOE modeled the LED lighting for the VCT equipment
family using a center mullion lighting fixture and assumed one center mullion lighting fixture per
door. Illustrative front views of the lighting configurations for both fluorescent and LED lighting
for the VCT equipment family are shown in Figure 5A.3.1 through Figure 5A.3.6. The red strips
represent a fluorescent bulb inside the refrigerated volume, the blue strips represent an LED
center mullion lighting fixture inside the refrigerated volume, and the green strips represent an
LED end mullion lighting fixture inside the refrigerated volume.
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Bulb In = ]

LED In = U < Center Mullion

< End Mullion (one on either end of case, resulting in the
equivalent of a single center mullion)

1/2LED In=

4

VCT.RC.M

Lighting Type: Fluorescent
Case Length [ft]:12.7

Bulb Length [ft]: 5

Bulbs In: 6

Bulbs Out: 0

VCT.RC.M

Lighting Type: LED
Case Length [ft]:12.7
Bulb Length [ft]: 5
LEDs In: 5
LEDs Out: 0

Figure 5A.3.1 Lighting Configurations for VCT.RC.M
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VCT.RC.L
Lighting Type: Fluorescent
Case Length [ft]: 12.7

Bulb Length [ft]: 5
Bulbs In: 6
Bulbs Out: 0
VCT.RC.L

Lighting Type: LED
Case Length [ft]: 12.7

Bulb Length [ft]: 5
LEDs In: 5
LEDs Out: 0

Figure 5A.3.2 Lighting Configurations for VCT.RC.L

5A-11



VCT.SC.M VCT.SC.M

Lighting Type: ~ Fluorescent Lighting Type:  LED
Case Length [ft]: 4.5 Case Length [ft]: 4.5
Bulb Length [ft]: 5 Bulb Length [ft]: 5
Bulbs In: 3 LEDs In: 2
Bulbs Out: 0 LEDs Out: 0

Figure 5A.3.3 Lighting Configurations for VCT.SC.M

VCT.SC.L VCT.SC.L

Lighting Type: ~ Fluorescent Lighting Type:  LED
Case Length [ft]: 4.5 Case Length [ft]: 4.5
Bulb Length [ft]: 5 Bulb Length [ft]: 5
Bulbs In: 3 LEDs In: 2
Bulbs Out: 0 LEDs Out: 0

Figure 5A.3.4 Lighting Configurations for VCT.SC.L
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VCT.SC.I

Lighting Type:  Fluorescent
Case Length [ft]: 4.3

Bulb Length [ft]: 5

Bulbs In: 3

Bulbs Out: 0

VCT.SC.I

Lighting Type:  LED
Case Length [ft]: 4.3
Bulb Length [ft]: 5
LEDs In: 2

LEDs Out: 0

Figure 5A.3.5 Lighting Configurations for VCT.SC.I

PD.SC.M
Lighting Type:  Fluorescent
Case Length [ft]: 2.5

Bulb Length [ft]: 5
Bulbs In: 2
Bulbs Out: 0

PD.SC.M
Lighting Type:  LED
Case Length [ft]: 2.5

Bulb Length [ft]: 5
LEDs In: 1
LEDs Out: 0

Figure 5A.3.6 Lighting Configurations for PD.SC.M

For equipment classes without doors (i.e., VOP, SVO, and HZO equipment families), as
well as service over counter equipment, merchandise throughout the entire refrigerated volume is
visible to the consumer. Therefore, the entire refrigerated volume must be illuminated.” For this
application, the directionality characteristic of LED lighting tends to be less effective than
fluorescent lighting, which outputs light in all directions surrounding the bulb. In the 2009 final

b DOE assumes that the HZO equipment family does not contain any lighting because the ambient light of the store
provides adequate illumination of the displayed merchandise. This is consistent with current manufacturer practice.
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rule, DOE developed case lighting configurations for these classes as well. Based on discussions
with LED refrigerated display case lighting manufacturers and comments from commercial
refrigeration equipment manufacturers, DOE determined that there are two different types of
LED luminaries used in this equipment. A shelf light is used to illuminate merchandise close to
it. Due to the directionality of the light output from an LED luminary, DOE assumes that two
shelf lights are used per shelf to provide the desired illumination throughout an entire shelf: one
on the front of the shelf and one midway under the shelf. A canopy light is typically located on
the canopy of a display case. A canopy light has effectively twice the light output, cost, and
power consumption of a shelf light and is typically is used to provide additional illumination of
the product in the bottom well of the display case. DOE modeled the LED lighting for the VOP,
SVO, and SOC equipment families, in the engineering analysis, using a shelf light. DOE also
assumed that the number of LED lighting fixtures per shelf would have to be doubled from what
was assumed for fluorescent lighting to provide adequate illumination for the merchandise
displayed on each shelf. Illustrative cross-sections of lighting configurations for both fluorescent
and LED lighting for example classes in the VOP, SVO, and SOC equipment families are shown
in Figure 5A.3.7 through Figure 5A.3.12. The green circles represent a bulb or LED inside the
refrigerated volume and the red circles represent a bulb or LED outside the refrigerated volume.

Bulb/LED In =
Bulb/LED Out =

VOP.RC.M VOP.RC.M

Lighting Type: Fluorescent Lighting Type: LED
Case Length [ft]: 12 Case Length [ft]: 12
Bulb Length [ft]: 4 LED Length [ft]: 4
Bulbs In: 12 LEDs In: 24
Bulbs Out: 9 LEDs Out: 9

Figure 5A.3.7 Lighting Configurations for VOP.RC.M
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VOP.SC.M VOP.SC.M

Lighting Type: Fluorescent Lighting Type: LED
Case Length [ft]: 4 Case Length [ft]: 4
Bulb Length [ft]: 4 LED Length [ft]: 4
Bulbs In: 4 LEDs In: 8
Bulbs Out: 3 LEDs Out: 3

= E.

Figure 5A.3.8 Lighting Configurations for VOP.SC.M

VOP.RC.L VOP.RC.L
Lighting Type: Fluorescent Lighting Type: LED
Case Length [ft]: 12 Case Length [f]: 12
Bulb Length [ft]: 4 LED Length [ft]: 4
Bulbs In: 0 LEDs In: 0
Bulbs Out: LEDs Out:

= E.

Figure 5A.3.9 Lighting Configurations for VOP.RC.L
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SVO.RC.M SVO.RC.M

Lighting Type: Fluorescent Lighting Type: LED
Case Length [ft]: 12 Case Length [ft]: 12
Bulb Length [ft]: 4 LED Length [ft]: 4
Bulbs In: 9 LEDs In: 18
Bulbs Out: LEDs Out:

= E.

Figure 5A.3.10 Lighting Configurations for SVO.RC.M

SVO.SC.M SVO.SC.M

Lighting Type: Fluorescent Lighting Type: LED
Case Length [ft]: 4 Case Length [ft]: 4
Bulb Length [ft]: 4 LED Length [ft]: 4
Bulbs In: 3 LEDs In: 6
Bulbs Out: 2 LEDs Out: 2

=, E.

Figure 5A.3.11 Lighting Configurations for SVO.SC.M
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SOC.RC.M

Lighting Type: Fluorescent
Case Length [ft]: 12

Bulb Length [ft]: 4

Bulbs In: 15

Bulbs Out: 0

SOC.RC.M
Lighting Type:
Case Length [ft]:
LED Length [ft]:
LEDs In:

LEDs Out:

LED
12
4
18
0

Figure 5A.3.12 Lighting Configurations for SOC.RC.M
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CHAPTER 6. MARKUPS FOR EQUIPMENT PRICE DETERMINATION
6.1 INTRODUCTION

One of the most important inputs to the life-cycle cost (LCC) and payback period (PBP)
analysis and the national impact analysis (NIA) is the installed cost of the commercial
refrigeration equipment. Installed cost includes equipment purchase price and installation costs.
The U.S. Department of Energy (DOE) determines the equipment purchase price by using
multipliers called “markups” that are applied to the manufacturer production cost (MPC) to
obtain the customer purchase price of the equipment. The manufacturer markup, calculated as
part of the engineering analysis (see chapter 5 of the technical support document (TSD)),
converts the MPC into manufacturer selling price (MSP). Additional markups, called distribution
channel markups, are applied to the MSP based on the distribution channels through which
customers purchase the equipment to obtain the customer purchase price of the equipment. This
chapter describes the methodology used by DOE to calculate the distribution channel markups
and also the methodology by which the markups values are used to obtain the customer purchase
price of the commercial refrigeration equipment.

DOE determined that commercial refrigeration equipment is purchased by the customers
through three major distribution channels:

Manufacturer = Customer (National Account Channel)
Manufacturer - Wholesaler - Customer (Wholesaler Channel)

Manufacturer - Wholesaler 2 Mechanical Contractor = Customer (Contractor Channel)

In addition to the manufacturer markup and distribution channel markups, sales tax is
applied to obtain the customer purchase price of the equipment. Sales tax varies by the state in
which the equipment is installed.

DOE first calculated national-average markup values for each distribution channel. DOE
carried out the LCC analysis in the form of Monte Carlo simulations, and one of the inputs to
each analysis simulation was the state (location) in which the equipment was installed (see TSD
chapter 8 for detailed description). For each analysis simulation in the LCC analysis, the values
used for the national account channel markup and wholesaler channel markup were the national
average values. However, the contractor channel markup was varied by state (explained later in
this chapter). The three distribution channel markup values were weighted-averaged using the
market share of each distribution channel to obtain weighted-average distribution channel
markups for each analysis simulation in the LCC analysis. In addition to the distribution channel
markups, a sales tax was applied to obtain the customer purchase price of the equipment.

6.2 BASELINE, INCREMENTAL, AND OVERALL MARKUPS

Baseline markups are the markups that convert the MSP of equipment of the baseline
efficiency level to customer purchase price. Incremental markups are markups that convert the
increase in MSP of equipment at higher efficiency levels to an increase in customer purchase
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price compared to the price of equipment at the baseline efficiency level. Overall markups
include the weighted-average distribution channel markups, based on the distribution channel
market share, and sales tax.

6.2.1 Baseline Markups

If the baseline equipment is sold to a customer by the manufacturer through the national
account channel, the following equation defines the equipment price:

EQPNATLACCTBASE = MFGBASE X MUNATLACCTBASE X (1 + ST)

Eq. 6.1
Where:
EQPnam acent sase= national account price to the customer of baseline equipment ($),
MF Ggase= MSP of baseline equipment ($),
MUnar accr ase= national account markup on baseline equipment, and
ST= sales tax rate.
If the baseline equipment is sold to a customer through the wholesaler channel:
EQPwyore pase = MFGpasg X MUwpopg pasg X (1 + ST)
Eq. 6.2

Where:

EQPwrorr sase = wholesaler price of baseline equipment ($), and
MUpwroLe sase= wholesaler markup on baseline equipment.

If the baseline equipment is sold to a customer through the contractor channel:

EQPygch cont Base = MFGgasp X MUyyorg pase X MUygch cont ase % (1 + ST)
Eq. 6.3

Where:

EQPuecH covr sase= mechanical contractor price of baseline equipment ($), and
MUwecn cont sase= mechanical contractor markup on baseline equipment.

6.2.2 Incremental Markups

Incremental markups are cost multipliers that relate increments in the MSP of equipment
at higher efficiency levels to the corresponding increments in the customer purchase price.
Similar to the baseline markups, DOE calculated one incremental markup value for each
distribution channel. The increment in MSP of equipment at higher efficiency levels is obtained
by subtracting the MSP of equipment at the baseline efficiency level (MFGg4sg) from the MSP
of equipment at higher efficiency levels.



MFGycg = MFGyiGuer erF LEvEL—MF Gy
Eq. 6.4

Where:

MFG vcr= increment in MSP of higher efficiency equipment ($), and
MF Gricuer err Leve, = MSP of equipment at higher efficiency level ($).

If the equipment is sold to a customer by the manufacturer through a national account, the
following equation defines the increase in equipment price:

EQPyarpaccrinck = MFGincg X MUnarp accr iner X (1 + ST)
Eq. 6.5

Where:

EQPnar aconr ver= increment in customer purchase price to the national account customer ($),
and
MUnar accr iver= national account channel incremental markup.

If the customer acquires the higher efficiency equipment through the wholesaler or
contractor channels:

EQPwhoLe inck = MFGycg X MUyyorg incr X (1 + ST)
Eq. 6.6

Where:

EQPwrore wer= incremental wholesaler price ($), and
MUwnore ncr= wholesaler channel incremental markup.

EQPyecH cont inck = MFGiycr X MUy pore incr X MUmgch conr incr % (1 + ST)
Eq. 6.7

Where:

EQPuecH covr ivcr = incremental mechanical contractor price ($), and
MUwecu covr vcr= mechanical contractor channel incremental markup.

6.2.3 Distribution Channel Market Shares

For the 2009 final rule analysis, market shares of the three distribution channels were
based on estimates provided by Carrier Corporation to DOE during the public review of the
advanced notice of proposed rulemaking. 73 FR 50094 (Aug. 25, 2008). Also, during the
preliminary analysis, DOE obtained additional data from articles on the Foodservice Equipment
& Supplies (FE&S) magazine website,' which provided market shares for distribution channels
for all foodservice equipment sales. Refrigeration equipment used in the foodservice industry is
primarily composed of self-contained equipment. Refrigeration equipment constitutes only
8 percent of the total equipment sales to the foodservice industry,' and the distribution channel



shares for refrigeration equipment may be different from the rest of the foodservice equipment.
However, due to lack of availability of additional data, DOE used the market share values of the
overall foodservice equipment sales for all self-contained commercial refrigeration equipment.

During the preliminary analysis public meeting, many stakeholders commented that
national accounts compose a larger share of the glass-door cases and that DOE’s market share
values for self-contained equipment were applicable only to solid-door cases. Some
manufacturers implied that their market share distribution for glass-doored cases was closer to
that of the remote-condensing cases as they sold a major share of their glass-doored cases
through national account channels. DOE also recognized that the data from FE&S magazine
website' was applicable more to solid-doored cases, which form a majority of equipment used in
the foodservice industry. Therefore, DOE agreed with these comments from the stakeholders and
consequently altered the market share of the distribution channels by grouping equipment
families into two groups: (1) Display cases (VOP, SVO, HZO, VCT, HCT, SOC and PD), and
(2) solid-door equipment (VCS and HCS). Table 6.2.1 provides the market shares of the three
distribution channels for display cases and solid-door equipment used for the notice of proposed
rulemaking (NOPR). DOE applied the market shares for remote-condensing equipment from the
January 2009 final rule to display cases and used the FE&S magazine website data for the solid-
door equipment.

Table 6.2.1 Distribution Channels Market Shares for Commercial Refrigeration
Equipment

Equipment Type National Wholesaler Contractor
Account Channel Channel Channel
Display Cases (VOP, SVO, HZO, VCT, HCT, SOC, and PD) 70 % 15% 15%
Solid-Door Equipment (VCS and HCS) 30% 60% 10%

6.2.4 Overall Markups

Overall markup values were separately obtained for both baseline and incremental
markups by combining the state sales tax with the weighted-average distribution channel
markups. Overall baseline markup values were calculated using the following:

EQPcysr pase = MFGpasg

X (WTNATL accr X MUNATL ACCT BASE + WTWHOLESALER X MUWHOLE BASE

+ WTyech cont X MUwnore ase X MUygch cont BasE)
x (1+ST)

= MFGgasg X MUovgRaLL BASE
Eq. 6.8

Where:

EQPcusrsase= customer purchase price for baseline equipment ($),
WTnare accr= market share of baseline equipment sales through national account channel (%),




WTwroresarer= market share of baseline equipment sales through wholesaler channel (%),
WTwuecn conr= market share of baseline equipment sales through contractor channel (%), and
MUoverar sase= overall baseline markup.

Overall incremental markups were calculated using the following equation:

EQPcysr inck = MFGiycr
X WTyarr accr X MUyarr acer inck + WTwroresaer X MUwroLE incr
+ WTyech cont X MUwnore inck X MUygch cont incr) X (1 + ST)

= MFGncr X MUpygraLL incr
Eq. 6.9

Where:

EQPcusriver= increment in customer purchase price of equipment at a higher efficiency level
compared to baseline equipment ($),
MUoverar vck = overall incremental markup.

For a particular piece of equipment at a higher efficiency level, the total price of that
equipment to the customer (EQPcusr ) is the sum of the baseline customer price (EQPcusr s4sk)
and the incremental customer price (EQPcusr incr).

EQPCUST = EQPCUST BASE + EQPCUSTINCR
Eq. 6.10

6.3  BASIC ASSUMPTIONS USED TO ESTIMATE WHOLESALER AND
MECHANICAL CONTRACTOR MARKUPS

DOE based the wholesaler markups on industry balance-sheet data and based the
mechanical contractor markups on U.S. Census Bureau data for the plumbing, heating, and air
conditioning (PHAC) industry.” DOE obtained the industry balance-sheet data from the Heating,
Air conditioning & Refrigeration Distributors International (HARDI), the trade association
representing wholesalers of heating, ventilation, air-conditioning, and refrigeration (HVACR)
equipment.” DOE compiled the U.S. Census Bureau PHAC data following the same format as
the balance-sheet data for wholesalers. These balance sheets break out the components of all
costs incurred by firms that supply and install PHAC equipment. DOE derived the wholesaler
and mechanical contractor markups from three key assumptions about commercial refrigeration
equipment costs:

1. The firm balance sheets accurately represent the various average costs incurred by firms
distributing and installing commercial refrigeration equipment.

2. The wholesaler and contractor costs can be divided into two categories: (1) costs that
vary in proportion to the MSP of commercial refrigeration equipment (variable costs);
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and (2) costs that do not vary with the MSP of commercial refrigeration equipment (fixed
costs).

3. Wholesaler and contractor prices vary in proportion to wholesaler and contractor costs
included in the balance sheets.

The basis for the first assumption is that the industry balance sheets itemize firm costs
into a number of cost categories, including direct costs to purchase or install the equipment,
operating labor and occupancy costs, and other operating costs and profit. Although wholesalers
and contractors tend to handle multiple commodity lines (including air conditioners, furnaces,
and boilers) the data provides the most accurate available data for commercial refrigeration
equipment costs.

Information obtained from trade literature and from selected HVACR wholesalers,
contractors, and consultants, supports the second assumption that wholesale and contractor
markups vary according to the quantity of labor and materials used to distribute and install
HVACR equipment. In the following discussion, DOE assumes a division of costs between those
that do not scale with the MSP (labor and occupancy expenses) and those that do vary with MSP
(operating expenses and profit). This division of costs led to the estimate of wholesale and
contractor markups described in section 6.4.

The basis for the third assumption is that the HVACR wholesaler and contractor industry
is competitive and consumer demand for commercial refrigeration, heating and air conditioning
equipment is inelastic, (i.e., the demand is not expected to decrease significantly with an increase
in price of equipment). The large number of HVACR firms listed in the 2007 economic census
indicates the competitive nature of the market. For example, there are more than 700 HVACR
manufacturers,* 1,300 wholesalers of refrigeration equipment,’ 36,000 commercial and
institutional building contractors,6 and 91,000 HVAC contractors’ listed in the 2007 economic
census. Following standard economic theory, competitive firms facing inelastic demand either
set prices in line with costs or quickly go out of business.®

6.4 ESTIMATION OF WHOLESALER MARKUPS

Annually, HARDI conducts a confidential survey of its member firms in which
wholesalers report data. In the survey, HARDI itemizes revenues and costs into cost categories,
including direct equipment expenses (cost of goods sold), labor expenses, occupancy expenses,
other operating expenses, and profit. DOE presents the data for a typical HARDI distributor in
terms of specific types of expense within these categories in appendix 6A. Table 6.4.1
summarizes these expenses in units of expenses per dollar sales revenue and revenue per dollar
of goods sold. As shown in the first column of Table 6.4.1, the direct cost of equipment sold
represents $0.737 per dollar of sales revenue. In other words, for every $1.00 wholesalers take in
as sales revenue, they use $0.737 to pay for the direct equipment costs. Labor expenses account
for $0.151 per dollar of sales revenue, occupancy expenses account for $0.036, other operating
expenses account for $0.055, and profit accounts for $0.021 per dollar sales revenue.



Table 6.4.1 Wholesaler Expenses and Markups*

Wholesale Firm Expenses or Revenue
Description Per Dollar Per Dollar
Cost of Goods
Sales Revenue
Sold

Direct Cost of Equipment Sales: Cost of goods sold $0.737 $1.000
Labor Expenses: Salaries and benefits $0.151 $0.205
Occupancy Expense: Rent, maintenance, and utilities $0.036 $0.049
Other Operating Expenses: Depreciation, advertising, and insurance $0.055 $0.075
Profit $0.021 $0.029
Baseline Markup (MUwroLe s4se): Revenue per dollar cost of goods sold * 1.357
Incremental Markup (MUwnore ivcr): Increased revenue per dollar increase cost of goods sold** 1.103

* Source: Heating, Airconditioning & Refrigeration Distributors International. 2012. 2012 Profit Report (2011 Data). Based on a
Typical HARDI Distributor.
** Numbers include rounding errors and may not add up to the totals.

The last column of Table 6.4.1 shows the data converted from costs per dollar revenue
into revenue per dollar cost of goods sold. DOE performed this conversion by dividing each cost
category in the first data column of Table 6.4.1 by $0.737 (i.e., equipment expenditure per dollar
revenue). The data in this column show that, for every $1.00 the wholesaler spends on equipment
costs, the wholesaler earns $1.00 in sales revenue to cover the equipment cost, $0.205 to cover
labor costs, $0.049 to cover occupancy expenses, $0.075 for other operating expenses, and
$0.029 in profits. This totals to $1.357 in sales revenue earned for every $1.00 spent on
equipment costs. Therefore, the wholesaler baseline markup (MUpwrore sase) is 1.357 ($1.357 +
$1.00).

DOE also used the data in the last column of Table 6.4.1 to estimate the incremental
markups. The incremental markup depends on which of the costs in Table 6.4.1 are variable and
which are fixed. For example, for a $1.00 increase in the manufacturer equipment price, if all of
the other costs scale with the manufacturer selling price (i.e., all costs are variable), the increase
in wholesaler price will be $1.357, implying that the incremental markup is 1.357, or the same as
the baseline markup. However, if none of the other costs is variable, then a $1.00 increase in the
manufacturer selling price will lead to a $1.00 increase in the wholesaler price, for an
incremental markup of 1.0. DOE assumes that the labor and occupancy costs will be fixed and
that the other operating costs and profit will scale with the manufacturer selling price (i.e., be
variable). In this case, for a $1.00 increase in the manufacturer selling price, the wholesaler
price will increase by $0.103, which is the sum of other operating expenses and profit in the last
column of Table 6.4.1. Therefore, the wholesaler incremental markup (MUwroLe ivcr) is 1.103
($1.103 + $1.00). See appendix 6A for additional details and data used for markup calculations.

6.5 ESTIMATION OF MECHANICAL CONTRACTOR MARKUPS

DOE derived markups for mechanical contractors from U.S. Census Bureau data for
plumbing, heating, and air-conditioning contractors. This sector includes establishments
primarily engaged in installing and servicing plumbing, heating, and air-conditioning equipment,
which may include new work, additions, alterations, maintenance, and repairs. The U.S. Census
Bureau data for the PHAC sector include detailed statistics for establishments with payrolls,
similar to the data reported by HARDI for wholesalers. The primary difference is that the
U.S. Census Bureau reports itemized revenues and expenses for the PHAC industry as a whole in
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total dollars rather than in typical values for an average or representative business. Because of
this, DOE assumed that the total dollar values that the U.S. Census Bureau reported, once
converted to a percentage basis, represented revenues and expenses for an average or typical
contracting business. As with the data for wholesalers, Table 6.5.1 summarizes the expenses for
mechanical contractors. The expenses per dollar sales revenue are given in the first data column
of Table 6.5.1 (appendix 6A contains the full set of data). The direct cost of sales represents
about $0.680 per dollar sales revenue to the mechanical contractor. Labor expenses account for
$0.170 per dollar sales revenue, occupancy expenses account for $0.020 per dollar sales revenue,
other operating expenses account for $0.040, and profit makes up $0.090 per dollar sales
revenue.

DOE converted these expenses per dollar sales into revenue per dollar cost of goods sold,
by dividing each figure in the first data column by $0.678. The data in the last column of
Table 6.5.1 show that, for every $1.00 the mechanical contractor spends on equipment costs, the
mechanical contractor earns $1.00 in sales revenue to cover the equipment cost, $0.258 to cover
labor costs, $0.032 to cover occupancy expenses, $0.058 for other operating expenses, and
$0.127 in profits. This totals $1.475 in sales revenue earned for every $1.00 spent on equipment
costs. Therefore, the mechanical contractor baseline markup (MUwneck conrsase) is 1.475 ($1.471 +
$1.00).

Table 6.5.1 Mechanical Contractor Expenses and Markups*

Mechanical Contractor Firm
Expenses or Revenue

Description Per Dollar Per Dollar
Sales Revenue Cost of

Goods Sold
Direct Cost of Equipment Sales: Cost of goods sold $0.678 $1.000
Labor Expenses: Salaries (indirect) and benefits $0.175 $0.258
Occupancy Expense: Rent, maintenance, and utilities $0.022 $0.032
Other Operating Expenses: Depreciation, advertising, and insurance $0.039 $0.058
Net Profit Before Taxes $0.086 $0.127
Baseline Markup (MUwmecn conrsase): Revenue per dollar cost of goods sold ** 1.475
Incremental Markup (MUnwecn conriner): Increased revenue per dollar increase cost of goods sold ** 1.185

* Source: U.S. Census Bureau. 2007. Plumbing, Heating, and Air-Conditioning Contractors. Sector 23: 238220. Construction:
Geographic Area Series: Detailed Statistics for Establishments: 2007.
** Numbers include rounding errors and may not add up to the totals.

DOE was also able to use the data in the last column in Table 6.5.1 to estimate the
incremental markups by separating the fixed and variable costs. For example, if all of the other
costs scale with the equipment price (i.e., all costs are variable), the increase in mechanical
contractor price will be $1.475, implying that the incremental markup is 1.475, or the same as the
baseline markup. However, if none of the other costs is variable, then a $1.00 increase in the
equipment price will lead to a $1.00 increase in the mechanical contractor price, for an
incremental markup of 1.0. DOE assumes the labor and occupancy costs to be fixed and the other
operating costs and profit to scale with the equipment price (i.e., be variable). In this case, for a
$1.00 increase in the equipment price, the mechanical contractor price will increase by $0.185,
which is the sum of other operating expenses and profit in the last column of Table 6.5.1, giving
a mechanical contractor incremental markup (MUwmect covriver) of 1.185 ($1.185 + $1.00).
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Mechanical contractor costs differ in various regions of the country for reasons including
availability of labor, cost of living, and union versus non-union workforce. Because many
mechanical contractor costs differ systematically by state, DOE characterized the markups
developed from U.S. Census Bureau data with a probability distribution based on a state-by-state
analysis of U.S. Census Bureau data for PHAC contractors. The state-by-state analysis provided
a distribution on the relative markups of mechanical contractors in the United States.

Figure 6.5.1 shows the cumulative probability distribution of the state markup index that
DOE used to characterize the mechanical contractor baseline and incremental markups. As
mentioned in section 6.1, the contractor channel markup index was varied by state. The baseline
and incremental markups in Table 6.5.1 are the national average markup values for the contractor
channel. In the LCC analysis (TSD chapter 8), these national average values were multiplied by
the state markup index to obtain the contractor channel markups for a particular state.
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Figure 6.5.1 Cumulative Distribution of Mechanical Contractor Markups for Commercial
Refrigeration Equipment

6.6 ESTIMATION OF NATIONAL ACCOUNT MARKUPS

Large customers of commercial refrigeration equipment use national accounts to
circumvent the wholesaler channel, thereby allowing them to negotiate significantly lower
equipment prices directly with the manufacturer. The manufacturer, in turn, must cover
additional expenses related to the distribution of the equipment but gains in terms of negotiating
agreed-upon sales volumes with the customer.

To capture the price savings realized from equipment purchased through national
accounts, DOE derived a national account markup, assuming that the resulting equipment price
increase was one half of that realized from distribution through the wholesaler channel. In other
words, if the price markup resulting from the wholesaler markups is $100, the national account
markup is $50. DOE based the use of a national account markup that is one half of that realized
from the wholesaler distribution channel on the assumption that the resulting national account
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equipment price must fall somewhere between the manufacturer selling price and the customer
price under the wholesaler distribution channel. Because DOE does not have data suggesting
typical values for the actual national account markup, it chose a value halfway between the MSP
and the wholesaler markup.

For example, using a baseline MSP of $1,000 for a piece of commercial refrigeration
equipment delivered to a supermarket, and a baseline wholesaler markups of 1.357, the resulting
baseline customer equipment price for sales through a wholesaler (without sales taxes) is $1,357
($1,000 x 1.357). The dollar value increase due to the above distribution channel markups is
$357 ($1,357 - $1,000). Under the assumption that national account customers realize equipment
price increases equal to one half of that through the wholesale distribution channel, the dollar
value of the equipment price increase under the national account is $178. The resulting
equipment price is $1,178 ($178 + $1,000), which results in national account baseline markup of
approximately 1.178 ($1,196 +~ $1,000). A similar calculation using a value of 1.103 for the
wholesaler incremental markup, results in a national account incremental markup of 1.052
(51,052 + $1,000).

6.7 SALES TAX

Sales tax represents state and local sales taxes that are applied to the customer price of
commercial refrigeration equipment. The sales tax is a multiplicative factor that increases the
customer equipment price. DOE derived sales taxes representative of the combined state and
local sales tax rates from the Sales Tax Clearinghouse, shown in Table 6.7.1. The state-level
combined tax rates can be applied to the estimated value of state-level commercial refrigeration
equipment shipments to obtain the total purchase cost to the customer located in any state.

The distribution of sales tax rates ranges from a minimum of zero percent to a maximum
of 9.5 percent with a mean value of 6.2 percent. DOE calculated the weighted-average national-
level sales tax rate by multiplying the relative population of each state by the tax rates in
Table 6.7.1. The weighted national average sales tax rate was found to be 7.1 percent. The sales
tax was applied in the LCC analysis (TSD chapter 8), according to the state in which the
equipment was installed.
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Table 6.7.1 State Sales Tax Rates

Combined Combined Combined

State and State and State and

State Local Tax State Local Tax State Local Tax

Rate Rate Rate

Alabama 8.55% Kentucky 6.00% North Dakota 5.95%
Alaska 1.35% Louisiana 8.75% Ohio 6.80%
Arizona 7.20% Maine 5.00% Oklahoma 8.40%
Arkansas 8.90% Maryland 6.00% Oregon 0.00%
California 8.45% Massachusetts 6.25% Pennsylvania 6.40%
Colorado 6.10% Michigan 6.00% Rhode Island 7.00%
Connecticut 6.35% Minnesota 7.20% South Carolina 7.20%
Delaware 0.00% Mississippi 7.00% South Dakota 5.40%
Dist. of Columbia 6.00% Missouri 7.45% Tennessee 9.45%
Florida 6.65% Montana 0.00% Texas 7.95%
Georgia 7.10% Nebraska 6.00% Utah 6.70%
Hawaii 4.40% Nevada 7.85% Vermont 6.05%
Idaho 6.05% New Hampshire 0.00% Virginia 5.60%
[llinois 8.05% New Jersey 6.95% Washington 8.90%
Indiana 7.00% New Mexico 6.60% West Virginia 6.05%
lowa 6.85% New York 8.40% Wisconsin 5.45%
Kansas 7.85% North Carolina 6.90% Wyoming 5.50%

Source: The Sale Tax Clearinghouse, http:/www.thestc.com/STrates.stm. Last accessed July 10, 2013.

6.8 MARKUPS RESULTS

Table 6.8.1 presents the baseline markup values for each distribution channel and the
weighted-average baseline markup values for display cases and for solid-door cases. Table 6.8.2
presents the incremental markup values for each distribution channel and the weighted-average
incremental markup values for display cases and for solid-door cases. The mechanical contractor
channel markup values presented in both the tables are the national average values.

Table 6.8.1 Baseline Markups by Distribution Channel and Overall Weighted Average
Markup

Contractor Channel National Weighted-Average Markup*
Wholesaler . . .
Channel (includes wholesaler Account Display Solid-Door
markup)* Channel Cases Equipment
Markup 1.357 2.001 1.178 1.329 1.368

*National average value.

Table 6.8.2 Incremental Markups by Distribution Channel and Overall Weighted Average
Markup

Contractor Channel National Weighted-Average Markup*
Wholesaler . . .
Channel (includes wholesaler Account Display Solid-Door
markup)* Channel Cases Equipment
Markup 1.103 1.307 1.052 1.098 1.108

*National average value.

DOE used the weighted-average markups to estimate the customer price, before sales tax,
of baseline and higher efficiency equipment. For example, if the MSP of a baseline solid-door
unit is $1,000, the customer purchase price before sales tax for this baseline equipment is
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obtained by multiplying the MSP by the weighted-average markup value of 1.368 to obtain the
baseline customer purchase price, before sales tax, of $1,368. If the increment in the MSP of the
equipment at a higher efficiency level is $100, then the customer purchase price increment,
before sales tax, of this equipment can be obtained by multiplying by the weighted-average
incremental markup of 1.108 to obtain a customer purchase price increment, before sales tax, of
$110.80. The customer purchase price of this higher efficiency equipment before sales tax is the
sum of the baseline price and the increment, which is equal to $1,478.80 ($1,368 + $110.80).
Even though the example calculation has been shown with the national average values for the
contractor channel markups included in the weighted-average markup, the calculations in the
LCC analysis (TSD chapter 8) were performed by using the state-wise contractor channel
markup values. Finally, the sales tax is applied to the customer purchase price, based on the state
in which the equipment is installed, to obtain the final customer purchase price.
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APPENDIX 6A. DATA FOR EQUIPMENT PRICE MARKUPS

6A.1 INTRODUCTION

This appendix provides further details on information presented in chapter 6.

6A.2 DETAILED WHOLESALER COST DATA

Chapter 6 presents wholesaler revenues and costs in aggregated form, based on the
Heating, Airconditioning & Refrigeration Distributors International (HARDI) 2012 Profit Report
(2011 Data). Table 6A.2.1 provides the complete breakdown of costs and expenses from the
2012 Profit Report (2011 Data). The column labeled “Scaling” indicates which expenses were
assumed to scale with only the baseline markup and which were assumed to scale with both the
baseline and the incremental markups. As described in chapter 6, only those expenses that scale
with incremental costs are marked up when there is an incremental change in equipment costs.

Table 6A.2.1 Disaggregated Costs and Expenses for Wholesalers*

Item Percent of Revenue Scaling
Cost of Goods Sold 73.7% Not applicable
Gross Margin 26.3%
Payroll Expenses 15.1% Baseline
Executive Salaries & Bonuses 1.7%
Branch Manager Salaries and Commissions 1.5%
Sales Executive Salaries & Commissions 0.5%
Outside Sales Salaries & Commissions 2.1%
Inside/Counter Sales/\Wages 2.8%
Purchasing Salaries/Wages 0.4%
Credit Salaries/Wages 0.2%
IT Salaries/Wages 0.1%
Warehouse Salaries/\Wages 1.4%
Accounting 0.5%
Delivery Salaries/\Wages 0.7%
All Other Salaries/Wages & Bonuses 0.8%
Payroll Taxes 1.0%
Group Insurance 1.1%
Benefit Plans 0.3%
Occupancy Expenses 3.6% Baseline
Utilities: Heat, Light, Power, Water 0.4%
Telephone 0.3%
Building Repairs & Maintenance 0.2%
Rent or Ownership in Real Estate 2.7%
Other Operating Expenses 5.5% Baseline & Incremental
Sales Expenses (incl. Advertising & Promotion) 0.9%
Insurance (business liability & casualty) 0.2%
Depreciation 0.4%
Vehicle Expenses 1.4%
Personal Property Taxes/Licenses 0.1%
Collection Exp (collection, credit card fees) 0.3%
Bad Debt Losses 0.2%
Data processing 0.3%
All Other Operating Expenses 1.7% -

6A-1




Table 6A.2.1 (cont)*

Item

Percent of Revenue

Scaling

Total Operating Expenses 24.2% -

Operating Profit 2.1% Baseline & Incremental
Other Income 0.4%
Interest Expense 0.5%
Other Non-operating Expenses 0.0%

Profit Before Taxes 2.0% -

Source: Heating, Airconditioning & Refrigeration Distributors International. 2012 Profit Report (2011 Data). 2012. Columbus, OH.

*Wholesaler costs and expenses are percentage values as opposed to the per dollar of sales revenue values shown in chapter 6.

6A.3 DETAILED MECHANICAL CONTRACTOR DATA

Chapter 6 presents mechanical contractor revenues and costs in aggregated form, based
on U.S. Census Bureau data. Table 6A.3.1 shows the complete breakdown of costs and expenses
provided by the U.S. Census Bureau. The column labeled “Scaling” indicates which expenses
were assumed to scale with only the baseline markup and which were assumed to scale with both
the baseline and incremental markups. As described in chapter 6, only those expenses that scale
with incremental costs are marked up when there is an incremental change in equipment costs.

Table 6A.3.1 Mechanical Contractor Expenses and Markups*

Item Dollar Value | Percentage Scaling
Total Cost of Equipment Sales $107,144,428 67.80% Baseline
Cost of materials, components, and supplies $59,023,964 37.35%
Payroll, construction workers $31,373,558 19.85%
Cost of construction work subcontracted out to others 13,646,192 8.64%
Cost of selected power, fuels, and lubricants $3,100,714 1.96%
Gross Margin $50,895,129 32.20% -
Payroll Expenses $27,626,376 17.48% Baseline
Fringe benefits, all employees $13,585,040 8.60%
Payroll, other employees $14,041,336 8.89%
Occupancy Expenses Baseline
Rental cost for machinery, equipment, and buildings; $3,436,208 2.17% Baseline
Cost of repairs to machinery and equipment;
Purchased communication services
Other Operating Expenses $6,165,776 3.90% | Baseline & Incremental
Depreciation charges during year $2,297,550 1.50%
Computers; Insurance and other business services; $3,868,226 2.40%
Advertising and promotions; Taxes and license fees
Net Profit Before Income Taxes $13,666,769 8.60% | Baseline & Incremental

Source: U.S. Census Bureau. 2007 Economic Census, Release Date: 8/14/2009, Sector 23: EC0723I11: Construction: Industry
Series: Preliminary Detailed Statistics for Establishments: 2007. (Last accessed, March 8, 2011.)
<http://factfinder.census.gov/servlet/IBQTable?_bm=y&-geo_id=&-ds_name=EC072311&-_lang=en>

*Mechanical contractor costs and expenses are first presented as total dollar values and then converted to percentage values.
This is in contrast to per dollar of sales revenue values shown in chapter 6.

6A.4 ESTIMATION OF WHOLESALER AND MECHANICAL CONTRACTOR

MARKUP STANDARD DEVIATIONS

The U.S. Department of Energy (DOE) used the U.S. Census Bureau’s Economic Census
data to estimate commercial refrigeration equipment wholesaler and mechanical contractor
markup distributions. In the case of wholesalers, 2007 Economic Census data were available
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only at the national level. In the case of mechanical contractors, the 2007 census data included
state-level plumbing, heating, and air conditioning data for total value of work, number of firms,
cost of goods sold, cost of subcontract work, cost of materials, and construction payroll, as
shown in Table 6A.4.1. The most recent census was performed in 2007.

DOE used the state-by-state variation in heating, ventilating, and air conditioning
(HVAC) contractor markups as a component of state-by-state variation in the life-cycle cost
(LCC) analysis. In the case of the contractor markups, the variation in contractor markup by state
is captured explicitly in the subsequent LCC analysis. By “selecting” a state during the Monte
Carlo analysis, DOE varied the installation costs. Looking at contractor markups on a relative
basis, the lowest state is 90 percent of the average markup while the highest state is 119 percent
of the average. Using population as a weighting factor, HVAC was combined with other factors
that vary by state to create one of the key sets of cost components varied during the analysis.

Table 6A.4.1 Mechanical Contractor Baseline Markups by State, 2007*

Number Value of Cost of Cost of Construction .
. Subcontract . Baseline
State of Construction Work Materials Payroll Markup
Firms ($000) ($000) ($000) ($000)
Alabama 1,425 2,010,305 113,782 876,341 411,100 1.435
Alaska 229 583,171 52,245 171,575 120,909 1.692
Arizona 1,510 3,622,116 179,103 1,508,903 638,469 1.514
Arkansas 1,045 1,065,754 68,417 461,924 213,054 1.434
California 7,272 16,726,969 1,070,065 6,330,469 3,464,667 1.539
Colorado 2,015 3,056,988 261,734 1,195,057 627,663 1.467
Connecticut 1,321 1,704,668 145,740 628,720 361,411 1.501
Delaware 306 481,900 D D 163,343 1421
District of Columbia 22 34,600 D D 50,439 1.458
Florida 5,069 9,061,426 783,859 3,736,811 1,733,721 1.449
Georgia 2,534 4,700,799 365,010 2,224,110 740,722 1.412
Hawaii 280 800,221 46,753 270,723 137,646 1.758
Idaho 594 900,698 62,252 387,181 167,732 1.459
Illinois 3,848 7,641,642 602,251 2,833,489 1,622,307 1511
Indiana 1,867 4,002,323 431,558 1,319,523 854,157 1.536
lowa 1,066 1,868,483 144,869 801,239 359,775 1431
Kansas 966 1,395,359 106,307 580,764 279,636 1.443
Kentucky 1,219 1,747,925 128,902 674,500 353,958 1.510
Louisiana 1,469 1,997,044 162,063 776,784 378,582 1.516
Maine 458 580,816 46,692 234,993 113,162 1471
Maryland 2,024 5,329,135 698,381 2,009,957 1,031,222 1.425
Massachusetts 2,520 4,099,301 488,098 1,475,525 817,754 1.474
Michigan 3,051 4,420,638 604,850 1,569,113 841,985 1.466
Minnesota 1,635 3,402,921 386,669 1,230,126 698,535 1.470
Mississippi 655 1,025,452 76,709 449,851 189,011 1.433
Missouri 1,816 3,335,124 345,285 1,319,142 689,171 1.417
Montana 432 483,578 42,988 216,792 85,678 1.400
Nebraska 683 1,004,296 94,170 455,264 205,904 1.330
Nevada 498 2,327,842 121,091 988,605 490,859 1.454
New Hampshire 531 620,761 39,784 D 128,512 1.472
New Jersey 3,551 5,062,336 496,174 1,825,407 1,015,432 1.517
New Mexico 599 891,914 67,987 356,961 170,711 1.497
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Table 6A.4.1 (cont)*

New York 5,750 10,364,779 1,219,468 3,568,182 1,972,687 1.533
North Carolina 2,978 5,111,396 341,129 2,288,841 1,001,832 1.407
North Dakota 272 360,683 36,037 148,617 70,403 1.414
Ohio 3,514 5,618,591 568,837 2,115,568 1,125,401 1.475
Oklahoma 1,158 1,352,943 94,153 581,079 249,032 1.464
Oregon 1,031 1,893,678 124,070 701,468 412,418 1.530
Pennsylvania 3,653 6,487,476 579,901 2,628,602 1,370,864 1.417
Rhode Island 397 631,202 56,234 229,692 124,727 1.537
South Carolina 1,472 1,991,303 126,123 847,690 352,877 1.501
South Dakota 337 386,186 11,037 158,375 69,605 1.616
Tennessee 1,370 2,595,613 189,293 1,159,952 484,997 1.415
Texas 5,653 10,810,308 823,920 4,605,624 2,102,520 1.435
Utah 892 1,746,398 146,052 769,140 319,812 1.414
Vermont 282 294,806 21,021 D 63,015 1.472
Virginia 2,547 4,623,151 347,055 1,791,740 960,534 1.492
Washington 1,602 4,111,543 370,741 1,546,819 816,533 1.504
West Virginia 416 655,100 D D 90,660 1.464
Wisconsin 1,839 2,926,545 234,962 1,125,779 662,893 1.446
Wyoming 262 289,391 14,391 128,922 54,792 1.461
Average Baseline Markup 1.477
Standard Deviation 0.070
Relative Standard Deviation 0.048

Source: U.S. Census Bureau. 2007 Economic Census, Release Date: 11/24/2009, Sector 23: EC0723A1: Construction:
Geographic Area Series: Detailed Statistics for Establishments: 2007. (Last accessed May 28, 2010.)
<http://factfinder.census.gov/servlet/IBQTable?_bm=y&-ds_name=EC0723A1&-NAICS2007=238220&-_lang=en>

*The Census Bureau withheld data for some states due to sample sizes and the size of errors relative to means. For states where a
D appears under the headings for Subcontractor Costs, Materials & Supplies, or Construction Payroll, data was withheld. States
missing one or more variables were set equal to an average of neighboring states' baseline markup.
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CHAPTER 7. ENERGY USE ANALYSIS
7.1 INTRODUCTION

An energy use analysis is generally carried out for appliance standards rulemakings to
calculate the energy consumption of the equipment in question. For commercial refrigeration
equipment, the U.S. Department of Energy (DOE) calculated the energy consumption of the
equipment as part of the engineering analysis (see technical support document (TSD) chapter 5)
using an energy consumption model. During the analysis for the 2009 final rule for commercial
refrigeration equipment (74 FR 1092 (Jan. 9, 2009)), DOE conducted an energy use analysis for
certain remote condensing equipment and concluded that the results agreed reasonably well with
those calculated by the energy consumption model used in the engineering analysis. Even though
self-contained and remote condensing equipment differ with respect to their compressor and
condenser configurations, the equipment load calculations, which include conduction, radiation
and infiltration loads, and loads from the electrical components, are similar for both types of
equipment. Therefore, for the current rulemaking, DOE retained the 2009 final rule analysis
conclusions and used the engineering analysis energy consumption model calculations of
equipment energy consumption values for life-cycle cost and payback period analysis (TSD
chapter 8) and national impact analysis (TSD chapter 10). DOE did not carry out a separate
energy use analysis for this rulemaking.
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CHAPTER 8. LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS
8.1 INTRODUCTION

This chapter describes the analysis the U.S. Department of Energy (DOE) has carried out
to evaluate the economic impacts of amended energy conservation standards developed for
commercial refrigeration equipment on individual commercial customers, henceforth referred to
as customers. The effect of standards on customers includes a change in operating cost (usually
decreased) and a change in purchase cost (usually increased). This chapter describes two metrics
used to determine the effect of standards on customers:

o Life-cycle cost (LCC). The total customer cost over the life of the equipment is the
sum of installed cost (purchase and installation costs) and operating costs
(maintenance, repair, and energy costs). Future operating costs are discounted to the
time of purchase and summed over the lifetime of equipment.

e Payback period (PBP). Payback period is the estimated amount of time it would take
customers to recover the higher purchase price of more efficient equipment through
lower operating costs.

An efficiency improvement to commercial refrigeration equipment that is financially
attractive to a customer will typically have a low PBP and a low LCC associated with it.

This chapter is organized as follows. The remainder of this section outlines the general
approach and provides an overview of the inputs to the LCC and PBP analysis of commercial
refrigeration equipment. Inputs to the LCC and PBP analysis are discussed in detail in sections
8.2 and 8.3. Results for the LCC and PBP analysis are presented in sections 8.4 and 8.5.

The calculations discussed in this chapter were performed with a series of Microsoft
Excel spreadsheets, which are available at
www].eere.energy.gov/buildings/appliance_standards/product.aspx/productid/52. Instructions
for using the spreadsheets are included in appendix 8A of this technical support document
(TSD). Detailed results are presented in appendix 8B.

8.1.1 General Approach for Life-Cycle Cost and Payback Period Analysis

This section summarizes DOE’s approach to the LCC and PBP analysis for commercial
refrigeration equipment.

As part of the engineering analysis (TSD chapter 5), design option levels were ordered on
the basis of increasing efficiency (decreased energy consumption) and increasing manufacturer
selling price (MSP) values. The order was determined based on the cost-effectiveness of each
design option; that is, the ratio of incremental cost increase to incremental energy savings. For
the LCC and PBP analysis, DOE chose a maximum of eight levels, henceforth referred to as
efficiency levels, from the list of engineering design option levels. For those equipment classes
for which fewer than eight design option levels were defined in the engineering analysis, each
design option level was assigned a corresponding efficiency level. However, for equipment
classes where more than eight design option levels were defined, DOE selected specific levels to
analyze based on three criteria:
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1. The lowest and highest energy consumption levels provided in the engineering analysis
were preserved.

2. If the difference in reported energy consumptions and reported manufacturer price
between sequential levels was small, only the design option level with the lower amount
of energy consumption was selected to be an efficiency level.

3. If'the energy consumption savings benefit relative to the increased cost was similar
across multiple, sequential design option levels, intermediate design option levels were
removed.

The first efficiency level or baseline efficiency level (Level 1) in each equipment class
represents the least efficient and the least expensive equipment in that equipment class. The
higher efficiency levels (Level 2 and up) have a progressive increase in efficiency and cost from
Level 1. The highest efficiency level in each equipment class corresponds to the max-tech level
(see TSD chapter 5 for details). DOE treats each efficiency level as a candidate standard level
(CSL), as each efficiency level represents a potential standard level. The words “efficiency
level” and “CSL” can be used interchangeably.

The installed cost of equipment to a customer is the sum of the equipment purchase price
and installation costs. The purchase price includes manufacturer production cost, to which a
manufacturer markup and outbound freight costs are applied to obtain the MSP. This value is
calculated as part of the engineering analysis (TSD chapter 5). DOE then applies additional
markups to the equipment to account for the markups associated with the distribution channels
for this type of equipment (TSD chapter 6). Installation costs vary by state, depending on the
prevailing labor rates.

Operating costs for commercial refrigeration equipment are a sum of maintenance costs,
repair costs, and energy costs. These costs are incurred over the life of the equipment and
therefore are discounted to the base year (2017, which is the compliance date of the amended
standards that will be established as part of this rulemaking). The sum of the installed cost and
the operating cost, discounted to reflect the present value, is termed the life-cycle cost or LCC.

Generally, customers incur higher installed costs when they purchase higher efficiency
equipment, and these cost increments will be offset partially or wholly by savings in the
operating costs over the lifetime of the equipment. Usually, the savings in operating costs are due
to savings in energy costs because higher efficiency equipment uses less energy over the lifetime
of the equipment. LCC savings are calculated for each CSL of each equipment class.

The PBP of a CSL is obtained by dividing the increase in the installed cost (from the
baseline efficiency level) by the decrease in annual operating cost (from the baseline efficiency
level). For this calculation, DOE uses the first year operating cost changes as the estimate of the
decrease in operating cost, noting that some of the repair and replacement costs used herein are
annualized estimates of costs. PBP is calculated for each CSL of each equipment class.

Apart from MSP, installation costs, and maintenance and repair costs, other important
inputs for the LCC analysis are markups and sales tax, equipment energy consumption,
electricity prices and future price trends, equipment lifetime, and discount rates.



Many inputs for the LCC analysis are estimated from the best available data in the
market, and in some cases the inputs are generally accepted representative values within the
commercial refrigeration equipment industry. However, in most cases each input has a range of
values. For example, even though the average (and representative) lifetime of commercial
refrigeration units in certain equipment classes may be 10 years, in general, equipment lifetimes
of a typical refrigerator belonging to that equipment class may vary from 5 years to 15 years.
While calculations based on the representative values yield average or representative values for
the outputs (such as LCC or PBP), such values do not give an estimate of the ranges of values
that these outputs could lie in. Therefore, DOE performed the LCC analysis in the form of Monte
Carlo simulations in which certain inputs are provided a range of values and probability
distributions. The results of the LCC analysis are presented in the form of mean and median LCC
savings; percentages of customers experiencing net savings, net cost, and no impact in LCC; and
median PBP. For each equipment class, 10,000 Monte Carlo simulations were carried out. The
simulations were conducted using Microsoft Excel and Crystal Ball, a commercially available
Excel add-in for carrying out Monte Carlo simulations.

Usually, the equipment available in the market will have a distribution of efficiencies;
that is, each CSL within an equipment class will have a corresponding market share associated
with it. Usually, within an equipment class, the market share of the baseline efficiency level is
the highest, and the market share values decrease with an increase in CSL. LCC savings and PBP
are calculated by comparing the installed costs and LCC values of the standards-case scenarios
against those of the base-case scenario. The base-case scenario is the scenario in which
equipment is assumed to be purchased by customers in the absence of the proposed amended
energy conservation standards. Standards-case scenarios are scenarios in which equipment is
assumed to be purchased by customers after the amended energy conservation standards go into
effect. The number of standards-case scenarios for an equipment class is equal to one less than
the total number of efficiency levels in that equipment class because each CSL above the
baseline efficiency level represents a potential new standard. For the standards-case scenario at a
particular CSL, the market share of the efficiency levels were obtained using a roll-up scenario,
in which market shares of the efficiency levels (in the base-case scenario) below the
corresponding CSL were rolled-up into the CSL. For the base-case scenario in the LCC analysis,
DOE calculated the market shares of the efficiency levels using a method described in TSD
chapter 10.

Recognizing that each commercial building that uses the commercial refrigeration
equipment is unique, DOE analyzed the LCC and PBP calculations for seven types of
businesses: (1) supermarkets; (2) wholesaler/retailer multi-line stores, such as “big-box stores,”
“warehouses,” and “supercenters;” (3) convenience and small specialty stores, such as meat
markets, wine, beer, and liquor stores; (4) convenience stores associated with gasoline stations;
(5) full service restaurants; (6) limited service restaurants; and (7) other foodservice businesses,
such as caterers and cafeterias. Different types of businesses face different energy prices and also
exhibit differing discount rates that they apply to purchase decisions.

Equipment lifetime is another input that does not justify usage of a single value for each

equipment class. Therefore, DOE assumes a distribution of equipment lifetimes that are defined
by Weibull survival functions.
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Another important factor influencing the LCC analysis is the state (location) in which the
commercial refrigeration equipment is installed. Inputs that vary based on this factor include
energy prices, installation costs, contractor markups, and sales tax. At the national level, the
spreadsheets explicitly modeled variability in the model inputs for electricity price and markups
using probability distributions based on the relative shipments of units to different states and
business types.

Appendix 8C presents additional discussion about the uncertainty and variability in
inputs and the advantages of Monte Carlo simulations.

8.1.2 Overview of Life-Cycle Cost and Payback Period Inputs

Inputs to the LCC analysis are categorized as follows: (1) inputs for establishing the total
installed cost; and (2) inputs for calculating the operating cost.

The primary inputs for establishing the total installed cost are as follows:

e Baseline MSP is the MSP of equipment meeting the baseline efficiency level.

e Price trends (experiential learning): A method of adjusting the MSP over time to
account for increasing cost efficiency in the production of commercial refrigeration
equipment. DOE assumed that, with time and experience, the real cost of producing
equipment will decrease marginally

e (CSL MSP increase is the difference in MSP of a CSL and the baseline MSP.

e  Markups and sales tax are the markups and sales tax associated with converting the
MSP to a customer purchase price (see TSD chapter 6).

e [nstallation cost is the cost to the customer of installing the equipment. It includes
cost of labor, overhead, and miscellaneous materials and parts.

The primary inputs for calculating the operating costs are as follows:

e FEquipment energy consumption: Consumption is the total daily energy consumption
of the commercial refrigeration equipment. This value is calculated as part of the
engineering analysis (TSD chapter 5) for each design option level in each equipment
class.

e Electricity prices: Electricity prices used in the analysis are the price per kilowatt-
hour paid by each customer for electricity. Electricity prices are determined using
average commercial electricity prices in each state, as determined from the Energy
Information Administration (EIA) data for 2012. The 2012 average commercial
prices derived were modified to reflect the fact that the seven types of businesses
analyzed pay electricity prices that are different from the average commercial prices.

e Electricity price trends: The EIA’s Annual Energy Outlook 2013" (AE02013) is used
to forecast future electricity prices. For the results presented in this chapter, DOE
used the regional prices from the AEO2013 Reference Case to forecast future
electricity prices.

e Maintenance costs: The labor and materials costs associated with maintaining the
operation of the equipment.



® Repair costs: The labor and materials costs associated with repairing or replacing
components that have failed.

o FEquipment lifetime: The age at which the commercial refrigeration equipment is
retired from service.

e Discount rate: The rate at which future costs are discounted to establish their present
value.

Figure 8.1.1 depicts the relationships between the installed cost and operating cost inputs
for the calculation of the LCC and PBP. Table 8.1.1 summarizes the characteristics of the inputs
to the LCC and PBP analysis and lists the corresponding reference chapter in the TSD for details
on the calculation of the inputs.

| Manufacturer Base —
- Price
T T
1 Manufacturer Price
>
o Standard i=1...n _’I Equipment Prices
T
| L Total Installed Cost >
Std i —-Base
Ly Wholesaler/ > J;u Installation Costs ( )
Distributor Markup
N National Account |
Markup
> v
Contractor Markups .
> B ™ |, Payback Lifecycle
"> Sales Tax —> Period Cost
Y
U Lifetime
_‘ (E:IectrICItyt_ Annual Energy Costs Annual Operating »| Operating >
CIETIO T : Cost (Std i - Base) Cost (Std
. . . > 1 i— Base)
| Electricity Prices |‘L Annual Maintenance | Discount Rate

Costs

| ]
1
II‘ ST SEED Lu Lifetimes

Figure 8.1.1 Flow Diagram of Inputs for the Determination of Life-Cycle Cost and Payback
Period
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Table 8.1.1 Summary Information of Inputs for the Determination of Life-Cycle Cost and

Payback Period
Input Description TSD Chapter
Reference
Total Installed Cost Primary Inputs

Baseline MSP Varies with equipment class. Chapter 5

Candidate standard level Vary with equipment class and candidate standard level within Chapter 5

MSP increases an equipment class.

Price trends (experiential Applies to baseline MSP and MSP increases of all equipment Chapters 8, 10

learning) classes

Markups and sales tax Markups vary with distribution channel, and sales tax varies with | Chapter 6
location (state) where equipment is installed.

Installation price Varies with location (state) where equipment is installed. Chapter 8

Operating Cost Primary Inputs

Equipment energy Varies with equipment class and candidate standard level within | Chapter 5

consumption an equipment class.

Electricity prices Vary with location, building type. Chapter 8

Electricity price trends Vary with location (regional) and price scenario. Chapter 8

Maintenance costs Vary with equipment class and candidate standard level within Chapter 8
equipment class.

Repair costs Vary with equipment class and candidate standard level within Chapter 8
equipment class.

Lifetime Weibull survival functions. Average values assumed to be 10 Chapters 3, 8
years for large grocery store equipment and 15 years for small
retail stores for remote condensing equipment. Average values
assumed to be 10 years for all self-contained equipment.

Discount rate Varies with type of business. Chapter 8

All of the inputs depicted in Figure 8.1.1 and summarized in Table 8.1.1 are discussed in
sections 8.2 and 8.3.

8.1.3 Effect of Current Standards

Standards set by this rulemaking are likely to go into effect in 2017, and the standards set
by the 2009 DOE final rule on commercial refrigeration equipment (the January 9, 2009 final
rule) went into effect on January 1, 2012. 74 FR at 1092. DOE does not have sufficient data
concerning the commercial refrigeration equipment market at the time the notice of proposed
rulemaking (NOPR) analyses was conducted. However, DOE assumed that the equipment
manufactured before 2017 will be compliant with the January 2009 final rule standards. The
general practice in DOE appliance standards rulemakings is to assume that the current
technology level of the market will continue to remain at, or very near, the current level until
new DOE standards are brought into effect at a future date. The design option levels for each
equipment class (TSD chapter 5) were chosen based on technology levels in the commercial
refrigeration equipment market at the time of the NOPR analysis (TSD chapter 3). However, the
composition of this market will change as a result of the January 2009 final rule standards, which
go into effect before 2017, at which time the standards established by the current rulemaking
would go into effect. While it is difficult to predict the state of the market in the year 2017, DOE
devised a method to estimate the efficiency level of the market baseline in 2017 based on certain
assumptions.
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DOE assumed that the standards established by the January 2009 final rule will form the
lowest efficiency level before the amended standards, established as part of this rulemaking—
which will be in effect in 2017. This is a reasonable assumption considering that the 2009
standards are appreciably more stringent than the then-prevailing market baseline and that
notable technology improvements are necessary to reach the efficiency levels prescribed by the
20009 final rule. DOE is not in a position to speculate on the other potential improvements of
equipment efficiency in the market from the time the 2009 final rule standards go into effect and
2017, aside from assuming compliance with the 2009 final rule standards. As a result, even
though the market could potentially continue to improve the efficiency of commercial
refrigeration equipment beyond that required by the standards established by the 2009 final rule,
DOE assumed that the market will remain in a similar state from the compliance date of the 2009
final rule standards until 2017. To approximate this assumed market efficiency level in 2017 in
the current analysis, DOE introduced a new baseline efficiency level—henceforth referred to as
the standards baseline level—that is set at the same level as the 2009 final rule standard. Any
design option levels from the engineering analysis that were less efficient than the corresponding
standards baseline level were disregarded for the downstream analyses (LCC analysis and
national impact analysis (NIA)); that is, they were not included as efficiency levels (candidate
standard levels). Design option levels from the engineering results that were more efficient than
the standards baseline level were considered for higher efficiency levels (Level 2, Level 3, and
so on). It should be noted that, in general, there is no design option level from the engineering
analysis that corresponds specifically to this assumed market baseline (standards baseline). The
process of estimating the 2017 market baseline level is explained with the aid of an example in
the following paragraph.

Table 8.1.2 shows the 13 design option levels for equipment class VOP.SC.M (self-
contained vertical open refrigerator), obtained from the engineering analysis. This table
represents the current (2012) technology levels modeled for VOP.SC.M equipment on the
market. The energy conservation standard for this class prescribed by the January 2009 final rule
is given by the expression 1.74xTDA+4.71 kilowatt-hours per day (kWh/day), where 7DA (in
ft?) represents the total display area of the equipment. The DA value for this representative
VOP.SC.M unit, which was modeled in the engineering analysis, is 14.93 ft*. When substituted
into the expression, it yields a maximum allowable total daily energy consumption value of
30.69 kWh/day. This value, when compared against the list of design option levels (Table 8.1.2),
is between the design option levels 7 and 8 (AD7 and ADS). As explained in the previous
paragraph, DOE assumed that when the January 2009 final rule standards go into effect,

30.69 kWh/day would represent the minimum efficiency level of the market for this unit and that
it would remain so until 2017. To approximate this state of market technology, DOE assumed the
efficiency levels shown in Table 8.1.3 for VOP.SC.M equipment. The first column of

Table 8.1.3 represents the efficiency levels for the LCC analysis, and the second column
represents the corresponding design option levels. As stated in the preceding paragraph, there is
no design option level in the current rulemaking that corresponds directly to the first efficiency
level. Instead, this design option level is designated as “SB,” which stands for “standards
baseline.” The total daily energy consumption for Efficiency Level 1 of this unit is equal to 30.69
kWh/day, which is the same as the January 2009 final rule standards level. The MSP
corresponding to Efficiency Level 1 was obtained by interpolating the prices between AD7 and
ADS in Table 8.1.2.
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Table 8.1.2 Design Option Levels for VOP.SC.M Obtained from Engineering Analysis

Design T(Eal Daily Manufacturer

Option nergy. Selling Price Design Option Added*

Level Consumption 20128

kWh/day

ADI 39.60 $2,439.74 Baseline
AD2 3791 $2,458.10 High-Eff. Reciprocating Compressor
AD3 34.96 $2,513.31 Enhanced-UA Condenser Coil
AD4 34.35 $2,526.53 Permanent Split Cap. Evap. Fan Motor
ADS 32.81 $2,567.74 Enhanced-UA Evaporator Coil
AD6 32.09 $2,589.03 Brushless DC Evap. Fan Motor
AD7 31.58 $2,604.45 Super T8 Lighting
AD8 30.37 $2,663.18 Night Curtains
AD9 30.03 $2,680.80 Permanent Split Cap. Cond. Fan Motor
ADI10 29.60 $2,718.25 Brushless DC Cond. Fan Motor
ADI11 26.70 $3,137.04 LED Lighting with Occupancy Sensors
ADI2 26.62 $3,180.03 Additional Y%-inch Insulation
AD13 26.46 $4,086.26 Vacuum Insulated Panels

*For information about specific technologies, refer to chapter 5 and appendix 5A.

Table 8.1.3 Efficiency Levels for VOP.SC.M

Efficiency Corresponding Total Daily Manufacturer
Level for . . Energy . .
Design Option . Selling Price
LCC Level Consumption 20128
Analysis kWh/day
Level 1 SB 30.69 $2,647.69
Level 2 ADS 30.37 $2,663.18
Level 3 AD9 30.03 $2,680.80
Level 4 ADI10 29.60 $2,718.25
Level 5 ADI11 26.70 $3,137.04
Level 6 ADI12 26.62 $3,180.03
Level 7 ADI13 26.46 $4,086.26

8.2 LIFE-CYCLE COST INPUTS
8.2.1 Definition

Life-cycle cost is the total customer cost over the life of a piece of equipment, including
purchase cost and operating costs (energy costs, maintenance costs, and repair costs). Future
operating costs are discounted to the time of purchase and summed over the lifetime of the
equipment. Life-cycle cost is defined by the following equation:

N
LCC=1IC+Y.0C,/(1+r)
t=1

Eq. 8.1
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Where:

LCC = life-cycle cost ($),

IC = total installed cost ($),

N = lifetime of equipment (years),

OC, = operating cost ($) of the equipment in year ¢,

r = discount rate, and

¢ = year for which operating cost is being determined.

DOE expressed all costs in 20128. Total installed cost, operating cost, lifetime, and
discount rate are discussed in the following sections. In the LCC analysis, the first year of
equipment purchase is assumed to be 2017.

8.2.2 Total Installed Cost Inputs

The total installed cost to the customer is defined by the following equation:

IC = EQP+ INST
Eq. 8.2

Where:

EQP = customer purchase price for the equipment ($), and
INST= installation cost or the customer price to install equipment ($).

The remainder of this section provides information about the inputs DOE used to
calculate the total installed cost for commercial refrigeration equipment. Table 8.2.1 shows
inputs for the determination of total installed cost.

Table 8.2.1 Inputs for Total Installed Costs

Baseline manufacturer selling price ($)

Candidate standard level manufacturer selling price increases ($)

Experiential Learning coefficient (0.9945)

Wholesaler markup

Mechanical contractor markup

National account markup

Sales tax ($)

Installation cost ($)

8.2.2.1 Baseline Manufacturer Selling Price

The baseline MSP is the price charged by manufacturers for equipment meeting existing
minimum efficiency (or baseline) standards. DOE developed MSP values for the 25 primary
equipment classes (TSD chapter 5). Table 8.2.2 shows the set of 25 primary equipment classes
that DOE evaluated during the current rulemaking.



Table 8.2.2 Equipment Classes Evaluated for LCC Analysis

Description (Equipment Family. Operating Mode. Abbreviation Current Standards
Temperature) Set By

Vertical Open.Remote Condensing.Medium VOP.RC.M January 2009 final rule
Vertical Open.Remote Condensing.Low VOP.RC.L January 2009 final rule
Vertical Open.Self-Contained.Medium VOP.SCM January 2009 final rule
Vertical Closed Transparent.Remote Condensing.Medium | VCT.RC.M January 2009 final rule
Vertical Closed Transparent.Remote Condensing.Low VCT.RC.L January 2009 final rule
Vertical Closed Transparent.Self-Contained.Medium VCT.SC.M EPCA
Vertical Closed Transparent.Self-Contained.Low VCT.SC.L EPCA
Vertical Closed Transparent.Self-Contained.Ice Cream VCT.SC.I January 2009 final rule
Vertical Closed Solid.Self-Contained.Medium VCS.SC.M EPCA
Vertical Closed Solid.Self-Contained.Low VCS.SC.L EPCA
Vertical Closed Solid.Self-Contained.Ice Cream VCS.SC.I January 2009 final rule
Semi-Vertical Open.Remote Condensing.Medium SVO.RC.M January 2009 final rule
Semi-Vertical Open.Self-Contained.Medium SVO.SC.M January 2009 final rule
Service Over Counter.Remote Condensing.Medium SOC.RC.M January 2009 final rule
Horizontal Open.Remote Condensing.Medium HZO.RC.M January 2009 final rule
Horizontal Open.Remote Condensing.Low HZO.RC.L January 2009 final rule
Horizontal Open.Self-Contained.Medium HZO.SC.M January 2009 final rule
Horizontal Open.Self-Contained.Low HZO.SC.L January 2009 final rule
Horizontal Closed Transparent.Self-Contained.Medium HCT.SC.M EPCA
Horizontal Closed Transparent.Self-Contained. Low HCT.SC.L EPCA
Horizontal Closed Transparent.Self-Contained.Ice Cream HCT.SC.I January 2009 final rule
Horizontal Closed Solid.Self-Contained.Medium HCS.SC.M EPCA
Horizontal Closed Solid.Self-Contained. Low HCS.SC.L EPCA
Pull-Down.Self-Contained.Medium PD.SC.M EPCA
Service Over Counter. Self-Contained. Medium SOC.SC.M AEMTCA

Nine primary equipment classes in Table 8.2.2 are subject to standards set by the Energy
Policy and Conservation Act (EPCA) as amended by the Energy Policy Act of 2005 (42 U.S.C.
6313(c)(2)—(3)); 15 primary equipment classes are subject to standards set by DOE in the
January 9, 2009 final rule (74 FR at 1092), and one primary equipment class is subject to
standards set by the American Energy Manufacturing Technical Corrections Act (AEMTCA) (42
U.S.C. 6313(c)(4)). Table 8.2.3 presents the baseline energy consumption values and the baseline
MSPs used in the LCC analysis for the representative sizes for each of the 25 primary equipment
classes (TSD chapter 5). Table 8.2.3 also identifies whether the baseline was obtained from the
engineering analysis or was set at the standards baseline, as explained in section 8.1.3. For some
equipment classes, the January 2009 final rule standards, EPCA standards, or AEMTCA
standard form the baseline efficiency level, and for the remaining equipment classes, the market
baseline (from the engineering analysis) forms the baseline efficiency level because the market
baseline for these equipment classes was found to be more efficient than the current standard
level.
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Table 8.2.3 Baseline Energy Consumption Levels and MSP Values for the Representative
Commercial Refrigeration Equipment Units of All 24 Primary Equipment Classes

. Baseline energy | Manufacturer Selling

Equipment . . .

Class consumption Price Baseline Type

kWh/day 20128
VOP.RC.M 47.78 5,041.54 Standards Baseline
VOP.RC.L 108.23 5,457.86 Standards Baseline
VOP.SC.M 30.69 2,647.69 Standards Baseline
VCT.RC.M 16.25 6,883.56 Standards Baseline
VCT.RC.L 39.01 7,856.68 Standards Baseline
VCT.SC.M 9.22 2,601.64 Standards Baseline
VCT.SC.L 29.09 3,468.66 Engineering Baseline
VCT.SC.I 20.71 3,826.67 Standards Baseline
VCS.SCM 4.45 1,694.25 Engineering Baseline
VCS.SC.L 11.00 1,880.11 Engineering Baseline
VCS.SC.I 19.12 2,237.74 Standards Baseline
SVO.RCM 36.38 4,258.91 Standards Baseline
SVO.SC.M 26.73 2,084.45 Standards Baseline
SOC.RC.M 26.12 7,380.31 Standards Baseline
HZO.RC.M 14.43 4,065.55 Standards Baseline
HZO.RC.L 33.10 4,658.43 Standards Baseline
HZO.SC.M 14.79 1,044.88 Standards Baseline
HZO.SC.L 30.12 1,998.28 Standards Baseline
HCT.SCM 2.28 836.64 Engineering Baseline
HCT.SC.L 5.17 959.50 Engineering Baseline
HCT.SC.I 3.30 1,035.70 Standards Baseline
HCS.SCM 0.73 746.26 Engineering Baseline
HCS.SC.L 2.11 762.34 Engineering Baseline
PD.SC.M 6.91 1,473.54 Standards Baseline
SOC.SC.M 31.60 7,980.38 Standards Baseline
8.2.2.2 Candidate Standard Level Energy Consumption and Manufacturer

Selling Price Increases

The CSL MSP increase is the change in MSP associated with producing equipment at
higher efficiency levels above the baseline. Increases in MSP as a function of equipment
efficiency were developed for each of the 25 primary equipment classes (TSD chapter 5). The
engineering analysis (TSD chapter 5) established a series of MSP increases for each CSL.
Table 8.2.4 presents the increase in MSP values corresponding to all efficiency levels for each
equipment class. Table 8.2.5 presents the daily energy consumption of the representative units
belonging to each of the 25 primary equipment classes that were selected for the engineering
analysis (TSD chapter 5).
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Table 8.2.4 CSL MSP Increases (Price Increases Relative to the Price of Baseline Efficiency

Level)
. Increase in MSP by Efficiency Level*
Equipment
Class 20125
Level 2 Level 3 Level 4 Level § Level 6 Level 7 Level 8

VOP.RC.M $44.98 | $167.18 | $1,184.95 | $1,249.03 | $3,906.09 NA NA
VOP.RC.L $61.40 | $414.00 $485.07 | $4,822.00 NA NA NA
VOP.SC.M $15.50 $33.12 $70.56 $489.36 $532.34 | $1,438.58 NA
VCT.RC.M $21.12 | $533.52 $662.01 $731.24 $755.52 | $3,840.29 NA
VCT.RC.L $156.41 | $284.89 $353.39 $396.62 | $4,448.32 NA NA
VCT.SC.M $40.95 | $259.13 $387.61 $408.90 $454.09 $463.89 | $1,553.24
VCT.SC.L $74.76 | $279.92 $296.83 $425.31 $438.53 $505.01 | $1,969.64
VCT.SC.I $74.83 $88.05 $216.53 $237.82 $283.74 | $2,225.19 NA
VCS.SC.M $39.88 $45.68 $49.69 $62.90 $84.19 $129.38 | $1,218.74
VCS.SC.L $46.73 $59.43 $66.91 $112.10 $125.31 $146.60 | $1,611.23
VCS.SC.I $0.46 $20.43 $33.65 $79.57 $100.86 | $2,042.31 NA
SVO.RC.M $9.84 | $186.04 $962.82 | $1,015.42 | $2,719.94 NA NA
SVO.SC.M $2.33 $61.07 $86.03 $427.55 $466.72 | $1,056.08 NA
SOC.RC.M $15.20 $43.06 $508.17 $555.49 $702.32 | $1,968.09 NA
HZO.RC.M $1,154.40 NA NA NA NA NA NA
HZO.RC.L $2,056.74 NA NA NA NA NA NA
HZO.SC.M $1.52 $12.17 $53.87 $853.46 NA NA NA
HZO.SC.L $478.71 NA NA NA NA NA NA
HCT.SC.M $3.69 $8.53 $14.41 $97.19 $109.67 $147.84 $654.17
HCT.SC.L $6.67 $16.51 $99.29 $105.16 $117.64 $155.81 $840.73
HCT.SC.I $2.11 $14.59 $53.13 $968.18 NA NA NA
HCS.SCM $1.19 $6.03 $11.91 $24.39 $61.22 $457.10 NA
HCS.SC.L $1.79 $6.49 $12.36 $24.84 $61.68 $598.89 NA
PD.SC.M $45.31 | $147.79 $154.40 $165.04 $293.53 $341.89 | $1,196.02
SOC.SC.M $90.20 | $131.29 $152.58 $617.69 $665.00 $811.84 | $2,077.61

* “NA” implies no design options associated with the efficiency level
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Table 8.2.5 Energy Consumption Values for Representative Commercial Refrigeration
Equipment Units of the 25 Primary Equipment Classes at All Efficiency Levels

. Total Annual Energy Usage*
Eq‘(‘:'l"me“t kWh/day
ass Levell | Level2 | Level3 | Level4 | Level5 | Level6 | Level7 | Level8

VOP.RC.M 47.78 46.84 44.33 3571 3551 35.06 NA NA
VOPRC.L 108.23 106.22 101.03 100.51 98.87 NA NA NA
VOP.SC.M 30.69 30.37 30.03 29.60 26.70 26.62 26.46 NA
VCT.RCM 16.25 15.56 8.10 6.26 6.01 597 549 NA
VCT.RC.L 39.01 3307 3113 30.58 30.29 28.85 NA NA
VCT.SCM 922 756 4.08 324 313 2.98 2.97 2.68
VCT.SC.L 29.09 21.51 13.48 13.30 12.44 12.37 12.09 11.57
VCT.SCI 20.71 17.57 17.45 16.51 16.36 16.14 1537 NA
VCS.SCM 445 253 236 2.30 2.17 201 1.81 139
VCS.SC.L 11.00 7.69 7.26 7.07 6.75 6.66 6.56 571
VCS.SC.I 19.12 19.09 18.24 18.11 17.79 17.64 16.53 NA
SVO.RCM 36.38 36.11 33.85 27.71 27.57 27.26 NA NA
SVO.SC.M 26.73 26.67 25.74 2536 2329 2324 23.12 NA
SOC.RC.M 26.12 25.62 24.97 20.43 2031 20.15 19.93 NA
HZO.RCM 14.43 14.17 NA NA NA NA NA NA
HZO.RC.L 33.10 3222 NA NA NA NA NA NA
HZO.SC.M 14.79 14.76 14.60 14.49 14.26 NA NA NA
HZO.SC.L 30.12 29.91 NA NA NA NA NA NA
HCT.SC.M 228 2.03 1.87 1.73 0.84 0.75 0.67 0.49
HCT.SC.L 517 452 411 1.83 1.77 1.70 1.57 1.18
HCT.SC.I 330 322 3.07 2.86 213 NA NA NA
HCS.SC.M 0.73 0.65 0.60 0.56 0.50 0.42 0.25 NA
HCS.SC.L 211 1.88 1.73 1.61 1.46 127 0.74 NA
PD.SC.M 691 3.90 223 2.20 2.16 1.75 1.64 142
SOC.SC.M 31.60 28.04 27.04 26.80 22.02 21.88 21.70 2141

* “NA” implies no design options associated with the efficiency level
8.2.2.3 Price Trends

In prior energy conservation standards rulemakings, DOE estimated the total installed
costs per unit for equipment, and then assumed that costs remain constant throughout the
analysis period. This assumption is conservative because installed costs tend to decrease over
time. In 2011, DOE issued a notice of data availability (NODA) titled Equipment Price
Forecasting in Energy Conservation Standards Analysis. 76 FR 9696 (Feb. 22, 2011) In the
NODA, DOE proposed a methodology for analyzing whether equipment prices have trended
downward in real terms. The methodology examines so-called experiential learning, wherein,
with ever-increasing experience with the production of a product, manufacturers are able to
reduce their production costs through innovations in technology and process.

To account for increased efficiency in the commercial refrigeration equipment
manufacturing process over time, DOE used a price forecast methodology based on experiential
learning (see appendix 8D for more information on experiential learning). For the LCC model,
the impact of experiential learning was a decrease in the MSP to account for changes from the
time prices were developed (2012) until the start of the LCC analysis (2017). The experiential
learning factor used in the LCC and Payback Period Analysis was 0.9945, which means MSPs
shown on Table 8.2.4 were reduced by 0.55 percent in the development of total installed costs.
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8.2.24 Markups

As discussed in TSD chapter 6, DOE calculated distribution channel markups to
determine the equipment purchase price to customers from the equipment MSP. DOE calculated
baseline markups to convert baseline MSP to baseline customer purchase price and incremental
markups to convert the increments in MSP into increments in customer purchase price. DOE
used these markup values in the LCC analysis for calculation of baseline and higher efficiency
equipment price to customers.

8.2.2.5 Installation Cost

Most refrigerated display cases are installed in fairly standard configurations, which helps
in creating standardized estimates for the cost of installation across all equipment classes. For
example, supermarkets commonly configure display cases as part of a “lineup” of similar cases.
Horizontal open cases are commonly installed as single units placed in appropriate store
locations. Self-contained display cases are used for portable or temporary product displays, or
sometimes used as end-caps of aisles.

For remote condensing equipment, typical steps in the installation of display cases in a
lineup are as follows:

move new case to lineup position in store;

position case in lineup, providing shims for vertical spacing as needed;

caulk or seal adjacent cases together;

bolt adjacent cases together;

trim cases together for good visual look (installing bumpers and covering seams);
braze refrigerant lines as necessary to system piping (already in place);

if hot gas defrost is used, braze hot gas defrost refrigerant lines as necessary to defrost
piping (already in place);

provide electrical conduit and tie-in electrical connections to case;

¢ install display lamps; and

e set refrigerant and defrost control settings.

Note that final operational testing of cases is undertaken after initial installation of all
cases in a lineup and refrigerant is piped to each case.

For self-contained refrigeration equipment, typical installation steps are as follows:

move new equipment to the target position in store;

where applicable, make sure that the condensate pan is installed properly;
plug cord into electrical outlet and turn on main power;

make sure the evaporator and condenser fans are functioning properly;
where applicable, turn on lights; and

adjust temperature settings to desired levels.

The installation steps just listed for both self-contained and remote condensing equipment
are not influenced by any of the engineering design options accounted for in this rulemaking.
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DOE assumes that the night curtains (for open display cases) are provided by the manufacturer in
pre-installed condition and hence that no additional costs are incurred for installation of night
curtains. From conversations with consultants with experience in retrofitting display cases with
light-emitting diode (LED) lighting and occupancy sensors, DOE determined that the additional
costs incurred in installation of occupancy sensors are minimal, and it is unlikely that installers
would bill additional charges to the customers. Therefore, DOE assumes that the installation
costs do not vary with efficiency levels in any equipment class.

The installation costs may vary from one equipment class to another, but they do not vary
with efficiency levels within an equipment class. Costs that do not vary with efficiency levels do
not impact the LCC, PBP, or NIA results. DOE retained the nationally representative installation
cost values from the January 2009 final rule analysis for all remote condensing equipment as
$2,000 and for all self-contained equipment as $750, and simply escalated the values from 2007$
to 20128, resulting in 2012 installation costs of $2,299 and $862, respectively. DOE designed the
LCC spreadsheet such that installation costs can be varied by CSL, but DOE has modeled
installation cost as constant across CSLs for the NOPR analysis.

Table 8.2.6 shows installation cost indices for installations in each of the 50 states, plus
the District of Columbia, which were used to adjust the nationally representative installation
costs for each state. To arrive at an average index for each state, DOE first weighted the city
indices in each state by their population within the state. DOE used city-level population
estimates for 2011 and state-level population weights for 2012 from the U.S. Census Bureau to
calculate a weighted-average index for each state.

8.2.2.6  Weighted-Average Total Installed Cost

As presented in Eq. 8.2, the total installed cost is the sum of the equipment price and the
installation cost. DOE derived the customer equipment price for any given standard level by
multiplying the baseline MSP by the baseline markup and sales tax and adding to it the product
of the incremental MSP and the incremental markup and sales tax. Because MSPs, markups, and
the sales tax all can take on a variety of values depending on location (state), the resulting total
installed cost for a particular CSL will not be a single-point value, but rather a distribution of
values.

Table 8.2.6 Installation Cost Indices (National Value = 100.0)

State Index State Index State Index
Alabama 56.4 | Kentucky 84.8 | North Dakota 62.6
Alaska 112.1 | Louisiana 64.2 | Ohio 99.2
Arizona 83.9 | Maine 81.4 | Oklahoma 56.0
Arkansas 59.3 | Maryland 88.5 | Oregon 106.4
California 132.9 | Massachusetts 128.4 | Pennsylvania 127.4
Colorado 83.5 | Michigan 108.1 | Rhode Island 119.2
Connecticut 126.2 | Minnesota 122.3 | South Carolina 38.4
Delaware 125.4 | Mississippi 58.2 | South Dakota 44.1
Dist. of Columbia 101.5 | Missouri 105.8 | Tennessee 76.3
Florida 72.2 | Montana 78.1 | Texas 61.9
Georgia 70.0 | Nebraska 83.6 | Utah 75.9
Hawaii 121.1 | Nevada 106.1 | Vermont 76.7
Idaho 74.0 | New Hampshire 95.3 | Virginia 78.4
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Table 8.2.6 (cont

State Index State Index State Index
linois 138.6 | New Jersey 135.4 | Washington 115.0
Indiana 86.3 | New Mexico 74.1 | West Virginia 92.7
Iowa 84.9 | New York 170.6 | Wisconsin 103.1
Kansas 73.7 | North Carolina 57.9 | Wyoming 71.2

The weighted-average costs for the VCT.SC.L equipment class are presented in
Table 8.2.7 for the baseline level at national average markup rates and national average
installation costs for illustration purposes. Derivation of the total installed cost is straightforward.
The baseline MSP and the standard level MSP increases are the starting points for determining
the total installed cost (values are taken directly from Table 8.2.4 and Table 8.2.5). DOE used the
baseline and incremental markups, the sales tax, and installation costs to convert the MSPs into
total installed costs for a case where the incremental installation costs are held flat. Table 8.2.7
summarizes the weighted average or mean costs and markups necessary for determining the
weighted-average baseline and standard level total installed costs for convenience stores as an
example.

Table 8.2.7 Costs and Markups for Determination of Weighted-Average Total Installed
Costs for Convenience Stores (VCT.SC.L)*

Variable Weighted Average or Mean Value
Baseline MSP $3,468.66
Standard Level MSP Increase (Efficiency Level 4) $296.83
Experiential Learning 0.9945
Overall Markup Factor—Baseline 1.4236
Overall Markup Factor-Incremental 1.1761
Installation Cost—Baseline $862
Installation Cost Factor, for U.S. Average 1

*Installation costs apply to the baseline unit, with no incremental installation costs.

To illustrate the derivation of the weighted-average total installed cost based on the data
shown in Table 8.2.7, DOE presents the following calculation for the baseline (Level 1) and for a
higher efficiency level (Level 4) VCT.SC.L equipment class. For the baseline product, the
calculation of the total installed cost at national average conditions is as follows:*

ICBASE VCT.SC.L = EQPBASE VCT.SC.L + INSTBASE ver.scL X ISTINDEX

= MFGgasevcrsce X MUpaspversce X EL + INSTgaseversc
X ISTINDEX

= $3,468.66 x (1.4236) x 0.9945 + $862 x (1.00)
= $4,911 + $862

= $5,773
Eq. 8.3

? Note that the numbers shown in Eq. 8.3 have been rounded and do not exactly match the numbers in the analysis.
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Where:

1Cguse verscr = total installed cost of VCT.SC.L equipment at baseline efficiency level ($),

EQPg4se verscr = equipment purchase price of VCT.SC.L equipment at baseline efficiency level
$),

EL = experiential learning factor applied to all MSP baseline and incremental values,

INSTg4se verscr = installation cost of VCT.SC.L equipment at baseline efficiency level (§),

MFGpse versc, = MSP of VCT.SC.L equipment at baseline efficiency level ($),

MUp4sE verscr, = overall baseline markup for equipment class VCT.SC.L, and

ISTINDEX = location-dependent multiplier on installation costs; approximately 1.0 at a national
average.

The calculation of the higher Efficiency Level 4 total installed cost includes the use of an
MSP increment. DOE uses an incremental markup factor that applies to incremental increases in
MSP. The Level 4 price is equal to the baseline price calculated in Eq. 8.3, plus the MSP
increment for a higher efficiency level multiplied by the incremental markup.

As an example, DOE calculated the national average Level 4 total installed cost (IC versc.e
LEVEL4) S follows:"

ICVCT.SC.L LEVEL4 = EQPVCT.SC.L LEVEL4 + INSTVCT.SC.L LEVEL4 X ISTINDEX

= MFGgasevcrsce X MUpasever.scr + AMFGycrsci Levera X MUycrscr Levers +
INSTycrscr eveLe X ISTINDEX

= $3,468.66 x (1.4236) x 0.9945 + $296.83 x (1.1761) x 0.9945
+$862 x (1.000)

= $6,120
Eq. 8.4

Where:

ICycrscr Levers = total installed cost of VCT.SC.L equipment at Efficiency Level 4 ($),

EQP yerscr tevers = equipment price of VCT.SC.L equipment at Efficiency Level 4 ($),

INST verscr Levers= installation cost of VCT.SC.L equipment at Efficiency Level 4 ($),

AMFG yerscr tevers = incremental increase in MSP of VCT.SC.L equipment at Efficiency Level
4 compared to equipment at baseline efficiency level ($), and

MU yerscr Leviers = incremental markup for equipment class VCT.SC.L.

Table 8.2.8 presents the weighted-average equipment price, installation costs, and total
installed costs for the VCT.SC.L equipment classes at the baseline level and each higher
efficiency level examined.

® Note that the numbers shown in Eq. 8.4 have been rounded and do not exactly match the numbers in the analysis.
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Table 8.2.8 Weighted-Average Equipment Price, Installation Cost, and Total Installed
Costs for VCT.SC.L at U.S. Average Conditions (2012$)¢

Efficiency Level | Equipment Price (MSP) | Installation Cost | Total Installed Cost
1 (Baseline) $3,468.66 $862 $5,773
2 $3,543.43 $862 $5,860
3 $3,748.59 $862 $6,100
4 $3,765.49 $862 $6,120
5 $3,893.98 $862 $6,270
6 $3,907.19 $862 $6,286
7 $3,973.68 $862 $6,363
8 $5,438.31 $862 $8,077

8.2.3 Operating Cost Inputs

DOE defines the operating cost as the sum of energy cost, repair cost, and maintenance
cost, as shown in the following equation:

OC = EC+ RC+ MC
Eq. 8.5

Where:

OC = operating cost ($),
EC = energy cost (%),

RC = repair cost ($), and
MC = maintenance cost ($).

The remainder of this section provides information about the variables that DOE used to
calculate the operating cost for commercial refrigeration equipment. Table 8.2.9 shows the inputs
for the determination of operating costs.

Table 8.2.9 Inputs for Operating Costs

Electricity price (cents/kWh)

Electricity price trend

Repair cost ($)

Maintenance cost ($)

Lifetime (years)

Discount rate (%)

Effective date of standard

Baseline electricity consumption (kWh/day)

Standard case electricity consumption (kWh/day)

¢ Figures shown in the table are rounded and do not match values in the analysis. In the LCC model, none of the
numbers in this series of calculations are rounded so total installed cost in the analysis differs from values on this
table.
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8.2.3.1 Electricity Price Analysis

This section describes the electricity price analysis used to develop the energy portion of
the annual operating costs for commercial refrigeration equipment used in different commercial
building types.

Subdivision of the Country. Because of the wide variation in electricity consumption
patterns, wholesale costs, and retail rates across the country, it is important to consider regional
differences in electricity prices. For this reason, DOE divided the United States into the 50 states
and the District of Columbia. DOE used reported average effective commercial electricity prices
at the state level from the EIA publication Form EIA-826 Database Monthly Electric Utility
Sales and Revenue Data.” The prices used from this source are for the calendar year 2012.

Table 8.2.10 provides data on the adjusted electricity prices.

Table 8.2.10 Commercial Electricity Prices by State (2012 cents/kWh)

Commercial Commercial Commercial
State Electricity State Electricity State Electricity
Price Price Price
cents/kWh cents/kWh cents/kWh

Alabama 10.58 | Kentucky 8.66 | North Dakota 7.98
Alaska 14.79 | Louisiana 7.79 | Ohio 9.47
Arizona 9.54 | Maine 11.58 | Oklahoma 7.26
Arkansas 7.68 | Maryland 10.52 | Oregon 8.34
California 13.60 | Massachusetts 13.97 | Pennsylvania 9.37
Colorado 9.34 | Michigan 10.95 | Rhode Island 12.04
Connecticut 14.70 | Minnesota 8.86 | South Carolina 9.57
Delaware 10.11 | Mississippi 9.28 | South Dakota 8.01
Dist. of Col. 12.00 | Missouri 8.16 | Tennessee 10.29
Florida 9.76 | Montana 9.16 | Texas 8.17
Georgia 9.47 | Nebraska 8.40 | Utah 8.05
Hawaii 34.83 | Nevada 8.86 | Vermont 14.30
Idaho 6.83 | New Hampshire 13.40 | Virginia 8.11
[llinois 8.19 | New Jersey 12.83 | Washington 7.67
Indiana 9.07 | New Mexico 9.30 | West Virginia 8.42
Towa 8.00 | New York 15.08 | Wisconsin 10.54
Kansas 9.13 | North Carolina 8.61 | Wyoming 8.23

DOE recognized that different kinds of businesses typically use electricity in different
amounts at different times of the day, week, and year, and therefore face different effective
prices. To make this adjustment, DOE used the 2003 Commercial Buildings Energy
Consumption Survey (CBECS) data set to identify the average prices paid by the seven kinds of
businesses in this analysis compared with the average prices paid by all commercial customers.
Since multi-line retail is not explicitly recognized as a CBECS building type, it was identified by
identifying retail stores with data indicating the presence of walk-in refrigeration and other
commercial refrigeration on the premises. Eq. 8.6 shows the ratios of prices paid by the seven
types of businesses that were used to increase or decrease the average commercial prices.

EPRICEBLDGTYPE US 2003)

EPRICECOM BLDGTYPE STATE 2012 — EPRICECOM STATE 2012 X ( EPRICE
COM US 2003

Eq. 8.6
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Where:

EPRICE cou siporyee state 2012 = average commercial sector electricity price in a specific building
type (such as supermarkets, convenience stores, and restaurants) in a specific state in 2012

EPRICE coysrare 2012 = average commercial sector electricity price in a specific state in 2012,

EPRICE g, peryee us 200; = national average commercial sector electricity price in a specific building
type in 2003 CBECS, and

EPRICE couus 2003 = national average commercial sector electricity price in 2003 CBECS.

Table 8.2.11 shows the derivation of the EPRICE ratios from CBECS.

Table 8.2.11 Derived Average Commercial Electricity Price by Business Type

Business Type Electricity Price Ratio of Electricity Price to Average Price
cents/kWh for all Commercial Buildings
Grocery store/food market 0.07222 0.910
Convenience store * 0.08583 1.082
Convenience store with gas station 0.07722 0.973
Multi-line retail ** 0.07262 0.915
Limited service restaurant 0.07962 1.003
Full service restaurant 0.08467 1.067
Other food service 0.07664 0.966
All commercial buildings 0.07936 1.000

Source: CBECS 2003

* This group is assumed to include convenience stores without gas stations, specialty stores (such as meat markets), and beer,
wine, and liquor stores.

**This group is assumed to include mainly large multi-line retailers and supercenters that sell both grocery and non-grocery
items.

The derived ratio of commercial electricity prices by building type to the overall average
commercial building price was then combined with state-by-state commercial rates to derive a
series of prices for each state and for each building type. Future prices were forecasted as
described in section 8.2.3.2. To obtain a weighted-average national price, DOE weighted the
prices paid by each business in each state by the 2012 population in each state.

For evaluation purposes, the resulting electricity prices and the calculated market
weighting factors can be depicted as a cumulative probability distribution. The effective prices
range from approximately 6.22 cents per kilowatt-hour to approximately 31.70 cents per
kilowatt-hour. Figure 8.2.1 illustrates the results for the convenience and small food retail market
sector.
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Electricity Prices Faced By CREs Sold To Convenience
Stores
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Figure 8.2.1 Cumulative Probability Distribution Showing the Electricity Prices Paid by
Convenience/Small Market Sector in 2012 (20128%)

8.2.3.2 Electricity Price Trend

The electricity price trend provides the relative change in electricity prices for future
years out to 2046. Estimating future electricity prices is difficult, especially considering that
there are efforts in many states throughout the country to restructure the electricity supply
industry.

DOE applied a projected trend in national average electricity prices to each customer’s
energy prices based on the AEO2013 price scenarios. The discussion in this chapter refers to the
2012 reference price scenario. In the LCC analysis, the following four scenarios can be analyzed:

Constant (real) energy prices at 2012 values (i.e., a constant index of 1.0 in Figure 8.2.2)
AEO02013, High Economic Growth (“AE0O2013 High Growth” in Figure 8.2.2)
AEO2013, Reference Case (“AE0O2013 Reference” in Figure 8.2.2)

AEO02013, Low Economic Growth (“AEO2013 Low Growth” in Figure 8.2.2)

P

Figure 8.2.2 shows the trends for the three AEO2013 price projections where prices are
assumed to change. DOE extrapolated the values in later years (i.e., after 2040—the last year of
the AEO2013 forecast). To arrive at values for these later years, DOE used the price trend from
2031 to 2040 of each forecast scenario to establish prices for the years 2041 to 2046.
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Electricity Price Index Projections
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Figure 8.2.2 Electricity Price Trends for Commercial Rates to 2046

The default electricity price trend scenario used in the LCC analysis is the trend from the
AEO2013 Reference Case, shown in Figure 8.2.2. Spreadsheets used in calculating the LCC have
the capability to analyze the other electricity price trend scenarios, namely, the AEO2013 High
Growth and the AEO2013 Low Growth price trends and constant energy prices.

8.2.3.3 Repair Cost

The repair cost is the cost to the customer for replacing or repairing failed components in
commercial refrigeration equipment. For the January 2009 final rule analysis, DOE obtained
estimated rates of component failures as shown in Table 8.2.12. DOE based the annualized repair
cost on the following expression:

RC = k X EQPOEM X MUREPLACE/LIFE
Eq. 8.7

Where:
RC = repair cost ($),

k = fraction of the components likely to be replaced during the equipment lifetime,
EQP gy = original equipment manufacturer cost of the component ($),
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MUggprace = markup applied to original equipment manufacturer cost of the component to the
cost to replace the component (includes the labor cost to replace/repair), and
LIFE = lifetime of the equipment in years.

As the components used for higher efficiency commercial refrigeration equipment have a
higher original equipment manufacturer (OEM) cost, Eq. 8.7 yields an increasing repair costs
scenario for higher efficiency equipment.

There are other refrigeration parts that typically require repair, such as door handles,
hinges, shelves, drain pans, and condensate pan heaters. However, these parts are the same for all
efficiency levels, so the repair costs for these parts remain constant for all efficiency levels.
Therefore, these additional repair costs were not taken into consideration for the analysis.

Table 8.2.12 Estimated Replacement Rate of Components During Equipment Service Life
(Values Retained from January 2009 Final Rule Analysis)

Component Estimated Replacement Rate
(over 10 year period)
Evaporator fans 50%
Condenser fans 25%
Compressors 25%
Coils* 5%
Doors 5%

*Applied only to remote condensing equipment
8.2.3.4  Maintenance Costs

Maintenance costs are the costs to the customer of maintaining installed equipment.
Maintenance costs are not the costs associated with the replacement or repair of components that
have failed (as discussed in section 8.2.3.3). Rather, they are the costs associated with general
maintenance.

DOE obtained annualized maintenance costs for commercial refrigeration equipment
from data in RS Means Facilities Maintenance & Repair Cost Data.* RS Means provides
estimates on the person-hours, labor rates, and materials required to maintain commercial
refrigeration equipment. RS Means specifies preventative maintenance activities for commercial
display cases expected to occur on a semi-annual basis as including the following actions:
cleaning evaporator coils, drain pans, fans, and intake screens; lubricating motors; inspecting
door gaskets and seals, and lubricating hinges; cleaning condenser coils; checking refrigerant
pressures and compressor oil as necessary; checking starter panels and controls; and checking
defrost system operation. From the RS Means data DOE obtained costs of $220 per year (201285)
for preventative maintenance activities for all remote condensing equipment classes and $35 per
year (20128$) for self-contained equipment classes. Because data were not available to indicate
how maintenance costs vary with CSL, DOE decided to use preventative maintenance costs that
remain constant as equipment efficiency is increased. It should be noted that since the
preventative maintenance cost is assumed to be constant over all CSLs within an equipment
class, it does not affect the LCC analysis or NIA results because only costs that vary with CSLs
(incremental costs) lead to changes in these results.
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DOE considered lamp replacements and other lighting maintenance activities as required
maintenance for commercial refrigeration equipment, and apart from preventative maintenance.
Thus, DOE did not itemize them in the preventative maintenance activities described by RS
Means. Different commercial refrigeration equipment classes have different numbers of lamps
(and ballasts), and many of the technologies DOE considered in the engineering analysis
involved changes to the lighting configuration (lamp, ballast, or use of LED lighting systems).
Because the lighting configurations can vary by CSL, DOE estimated the relative maintenance
costs for lighting for each equipment class at each CSL. DOE’s methodology was to estimate the
frequency of failure and replacement of individual lighting components, to estimate the cost of
replacement in the field, and to develop an annualized maintenance cost based on the sum of the
total lighting maintenance costs (in 2012$) over the estimated life of the equipment divided by
the estimated life of the equipment.

Lifetime estimates for particular lighting components were as follows:

¢ Fluorescent lamps would be replaced every 24 months in a preventative fashion.
e Fluorescent lamp ballasts would be replaced once over the estimated 10-year life of
the equipment based on a typical ballast life of 80,000 hours.

e LED lamps would be replaced once every 5.7 years based on a typical fixture life of
50,000 hours.’

The approach taken was to estimate the costs of field replacement using labor cost hours
from RS Means Electrical Cost Data® for typical lamp or ballast replacement as baseline values.
The costs for replacement of lamps and ballasts can be split into cost of material and cost of
labor. The cost of labor was determined from the RS Means database as the cost to replace one
fluorescent bulb and the cost to replace one fluorescent lamp ballast. The cost of equipment was
determined by using the OEM costs of the lamps and ballasts and applying material cost
markups to reflect retail pricing as explained below.

DOE estimated the material cost markup to be 250 percent by comparing the OEM costs
of fluorescent lamps and ballasts with typical retail prices. However, typically, when large food
retailers replace lamps or ballasts in their display cases, they tend to replace the lamps and
ballasts in all display cases at the same time. Large food retailers house a large number of remote
condensing display cases, and therefore tend to purchase lamps and ballasts in bulk. DOE
estimated that through such bulk purchases large food retailers are able to negotiate a large-
volume discount. Therefore, for remote condensing equipment, the material cost markup was
assumed to be a 150-percent multiplier on OEM costs for lamps and ballasts. Small businesses,
such as restaurants, that typically house only self-contained equipment do not get such a volume
discount because they do not purchase a large number of lamps and ballasts. Therefore, for self-
contained equipment, the material cost markup was assumed to be a 250-percent multiplier on
OEM costs for lamps and ballasts to reflect retail pricing. DOE is aware that many large food
retail stores also house self-contained equipment, and some small businesses may use remote
condensing equipment. However, DOE does not have the data to reliably determine the fraction
of self-contained equipment in large food retail stores and the remote condensing equipment in
small business establishments. DOE believes the assumptions detailed in this section reflect a
reasonable compromise in the calculation of the lighting maintenance costs.
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Based on the cost values from RS Means database, the typical markup value on labor
costs (labor cost markup) was calculated to be approximately 157 percent. However, this labor
cost markup was applied to the RS Means labor cost values for self-contained equipment only.
No labor cost markup was applied to the RS Means labor cost values for remote condensing
equipment. Once again, the assumption was that the remote condensing equipment that is housed
mainly in large food retail stores has the advantage of volume discount, whereas self-contained
equipment, which is typically housed in small business establishments, does not have the
advantage of volume discount. In effect, no markup for remote condensing equipment amounts
to the assumption that large food retailers use in-house labor for replacement of lamps and
ballasts. DOE believes these assumptions provide reasonably accurate estimates for lighting
maintenance costs.

The lamp and ballast replacement costs obtained from the RS Means database are
applicable for replacement of lamps and ballasts in overhead lamp fixtures. The labor effort and
time involved in replacing lamps and ballasts in display cases is much lower compared those
associated with overhead lamp fixtures. DOE assumed that the labor costs for replacing lamps
and ballasts in display cases would be about half of the costs for overhead lamp fixtures.

Fluorescent lamp and ballast technology is mature. Available information suggests that
there would be no change in inflation-adjusted costs for these components. However, because of
rapid technological improvement, costs for LED lamps are declining. As discussed in TSD
chapter 5, DOE estimated the annual reduction in the prices of LED lamps from 2013 through
2030. DOE used these price reductions to estimate the cost of LED lamps in 2022, 6 years into
the compliance date of this rule when LED lamps would be first replaced for equipment installed
in the year of compliance (2017).

DOE determined that the effort required to replace a fluorescent lamp ballast is similar to
the effort required to replace the power supply (driver) of an LED lamp. However, replacement
of LED lamps involves additional effort to replace the LED lighting fixture. DOE estimated that
the total labor cost to replace an LED lamp (lighting fixture and power supply) would be
approximately 25 percent higher than the cost to replace a fluorescent lamp ballast. The
assumption of material cost markup (of 150-percent for remote condensing equipment and 250-
percent for self-contained equipment) was retained for LED lamps replacement cost estimation.

The total costs for lamp, ballast, or LED fixture replacement were annualized by dividing
the total estimated replacement costs over the lifetime of commercial refrigeration equipment as
shown in Eq. 8.8.

Annualized Lighting Maintenance Cost = r;eZLife{OEM_CostLamp/Ba”ast X

MarkupRetail +
(NBulb X LaborBulb + NBallast X LaborBallast + NLED_Lamps X LaborLED_Lamps) X

MarkupLabor}
Eq. 8.8

Where:
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Annualized Lighting Maintenance Cost = annualized lighting maintenance cost ($) for an
efficiency level,

Life = commercial refrigeration equipment lifetime (years),

OEM_Costramp/aiias: = OEM costs for all the fluorescent bulbs, LED lamps, and fluorescent lamp
ballasts in each unit of equipment; obtained from engineering analysis (TSD chapter 5) ($),

Markuppewi = 250 percent for self-contained equipment, and 150 percent for remote condensing
equipment,

Npu» = number of fluorescent bulbs in the particular efficiency level of the equipment class
analyzed,

Laborg,;» = labor cost to replace one fluorescent bulb ($),

Npaiase = number of fluorescent lamp ballasts in the particular efficiency level of equipment class
analyzed,

Laborpg.s: = labor cost to replace one fluorescent ballast ($),

NiED 1amps = number of LED lamps in the particular efficiency level of equipment class analyzed,

Laborigp ramps = labor cost to replace one LED lamp, including the power supply ($). This value
is 1.25 times Laborgajs:, and

Markupyqpor = 157 percent for self-contained equipment, and 100 percent for remote condensing
equipment.

Table 8.2.13 shows the annualized lighting maintenance costs for each efficiency level
for the representative units defined in the engineering analysis. Total annualized maintenance
costs are the sum of the preventative maintenance and the lighting maintenance costs.

8-26



Table 8.2.13 Annualized Lighting Maintenance Costs by Equipment Class for Each CSL
for the Representative Units Analyzed in the Engineering Analysis

Annualized Lighting Maintenance Costs by Efficiency Level

Eq‘é‘lpme“t 20128/pr
ass Levell | Level2 | Level3 | Level4 | Level5 | Level6 | Level7 | Level8
VOP.RC.M 95.86 95.86 0586 | 11853 | 11853 | 11853 NA NA
VOP.RC.L 41.08 41.08 35.85 3585 3585 NA NA NA
VOP.SC.M 55.02 55.02 55.02 55.02 63.96 63.96 63.96 NA
VCT.RC.M 3235 3235 3235 3235 3235 3235 3235 NA
VCT.RC.L 3235 3235 3235 3235 3235 3235 NA NA
VCT.SC.M 23.85 23.85 23.85 23.85 23.85 23.85 23.85 23.85
VCT.SC.L 42.89 23.85 23.85 23.85 23.85 23.85 23.85 23.85
VCT.SC.I 23.85 23.85 23.85 23.85 23.85 23.85 23.85 NA
VCS.SC.M ; ; ; ; ; ; ; ;
VCS.SC.L ; ; ; ; ; ; ; ;
VCS.SC.I ; ; ; ; ; ; ; NA
SVO.RC.M 68.47 68.47 68.47 9236 9236 92.36 NA NA
SVO.SCM 38.50 38.50 38.50 38.50 49.74 49.74 4974 NA
SOC.RC.M 68.47 68.47 68.47 71.69 71.69 71.69 71.69 NA
HZO.RCM ; ; NA NA NA NA NA NA
HZORC.L ; ; NA NA NA NA NA NA
HZO.SC.M ; ; ; ; ; NA NA NA
HZO.SC.L ; ; NA NA NA NA NA NA
HCT.SC.M ; ; ; ; ; ; ; ;
HCT.SC.L ; ; ; ; ; ; ; ;
HCT.SC.I ; ; ; ; ; NA NA NA
HCS.SC.M ; ; ; ; ; ; ; NA
HCS.SC.L ; ; ; ; ; ; ; NA
PD.SC.M 12.73 14.45 14.45 14.45 14.45 14.45 14.45 14.45
SOC.SC.M 9315 | 109.88 | 10988 | 109.88 | 11570 | 11570 | 11570 | 115.70

T3k

8.2.3.5

Lifetime

is used for equipment classes that do not feature lighting. NA implies there are no associated efficiency levels.

DOE defines lifetime as the age at which a commercial refrigeration equipment unit is
retired from service. DOE based its estimates of equipment lifetime on discussions with industry
experts and concluded that a typical lifetime of 10 years is appropriate for most commercial
refrigeration equipment in large grocery/multi-line stores and restaurants. TSD chapter 3, Market
and Technology Assessment, discusses equipment life and tabulates estimates from various

sources used in assessing equipment life. Remote condensing commercial refrigeration

equipment units typically are replaced when stores are renovated, which is before the
commercial refrigeration equipment units would have physically worn out. Typically, the gap
between store renovations is around 8 to 9 years for major store chains.” DOE assumed that an
average grocery store or supermarket renovates every 10 years. Because some equipment thus
has remaining useful life, there is a market for commercial refrigeration equipment that has been

removed from service. DOE understands, however, that the salvage value to the original

purchaser is very low, and thus has not taken this into account in the LCC. Operators of small
food retail stores, on the other hand, tend to use display cases for a longer duration. DOE used 15
years as the average equipment lifetime for display cases used in such retail stores.
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DOE assumed the average lifetime of all self-contained equipment to be 10 years based
on discussions with various retailers, manufacturers, and industry experts. During the
preliminary analysis public meeting, the stakeholders generally agreed that 10 years is a
reasonable estimate for the lifetime of self-contained equipment.

To account for uncertainty and variability, DOE determined the probability that a unit of
commercial refrigeration equipment of age a will break or will be replaced using a Weibull
survival distribution function W(8,10.62) for display cases in large grocery stores and
supermarkets, and all self-contained equipment. This Weibull survival function (Figure 8.2.3)
yielded an average lifetime of 10 years. The minimum lifetime was truncated at 5 years, and the
maximum lifetime was truncated at 15 years to remove the unrealistic probabilities associated
with the lifetimes outside this range, which were mostly an artifact of the assumption of the
Weibull function. For display cases used in small grocery stores, the equipment lifetimes were
represented by the Weibull function (8, 16), which yielded an average lifetime of 15 years. The
Weibull function was truncated above and below the range of 10 to 20 years (Figure 8.2.4) to
remove the unrealistic probabilities associated with the lifetimes outside this range, which were
mostly an artifact of the assumption of the Weibull function. The probabilities of failure in a
given future year for both equipment lifetime categories are shown on Table 8.2.14.
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Table 8.2.14 Probability of Equipment Failure by Year

Year 10-Year 15-Year
Equipment Equipment

5 0.2%
6 0.8%
7 2.5%
8 6.4%
9 13.5%
10 22.7% 1.3%
11 27.3% 2.6%
12 19.6% 4.7%
13 6.4% 7.9%
14 0.6% 11.9%
15 0.0% 16.1%
16 18.5%
17 17.3%
18 12.2%
19 5.8%
20 1.7%

8.2.3.6 Discount Rate

The discount rate is the rate at which future expenditures are discounted to establish their
present value. DOE derived the discount rates for the commercial refrigeration equipment
analysis by estimating the cost of capital for companies that purchase commercial refrigeration
equipment. The cost of capital is commonly used to estimate the present value of cash flows to
be derived from a typical company project or investment. Most companies use both debt and
equity capital to fund investments, so their cost of capital is the weighted average of the cost to
the company of equity and debt financing.

DOE estimated the cost of equity financing by using the Capital Asset Pricing Model
(CAPM).* The CAPM, among the most widely used models to estimate the cost of equity
financing, assumes that the cost of equity is proportional to the amount of systemic risk
associated with a company. The cost of equity financing tends to be high when a company faces
a large degree of systemic risk and it tends to be low when the company faces a small degree of

systematic risk.

DOE determined the cost of equity financing by using several variables, including the
risk coefficient of a company, /3 (beta); the expected return on “risk-free” assets (Ry); and the
additional return expected on assets facing average market risk, also known as the equity risk
premium or ERP. The risk coefficient of a company, f, indicates the degree of risk associated
with a given firm relative to the level of risk (or price variability) in the overall stock market.
Risk coefficients usually vary between 0.5 and 2.0. A company with a risk coefficient of
0.5 faces half the risk of other stocks in the market; a company with a risk coefficient of
2.0 faces twice the overall stock market risk.

The following equation gives the cost of equity financing for a particular company:
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ke =R+ (B x ERP)
Eq. 8.9

Where:

ke = the cost of equity for a company (%),
Ry=the expected return of the risk-free asset (%),
J = the risk coefficient, and

ERP = the expected equity risk premium (%).

DOE defined the risk-free rate as the 40-year geometric average yield on long-term
government bonds. The risk-free rate was calculated using Federal Reserve data for the period
1973 to 2012,” with a resulting rate of 6.41 percent. DOE used a 3.99 percent estimate for the
ERP based on the difference between the risk-free rate and a 40-year average return on the S&P
500 index derived from data from the Damodaran Online' site.

The cost of debt financing (k) is the interest rate paid on money borrowed by a company.
The cost of debt is estimated by adding a risk adjustment factor (R,) to the risk-free rate.

k, =Rf+Ra

1

Eq. 8.10
Where:

kq = the cost of debt financing for each firm (%),
Ry = the expected return on risk-free assets (%), and

R, = the risk adjustment factor to risk-free rate for each firm (%).

The risk adjustment factor depends on the variability of stock returns represented by
standard deviations in stock prices and was taken from Damodaran Online individual company
cost of capital worksheets.'' The weighted-average cost of capital (WACC) of a company is the
weighted-average cost of debt and equity financing:

k =k, x wot kygx wy
Eq. 8.11

Where:

k = the (nominal) cost of capital (%),

ke = the expected rate of return on equity (%),

ka = the expected rate of return on debt (%),

we = the proportion of equity financing in total annual financing, and
wa = the proportion of debt financing in total annual financing.

The cost of capital is a nominal rate, because it includes anticipated future inflation in the
expected returns from stocks and bonds. The real discount rate or WACC deducts expected
inflation () from the nominal rate. DOE calculated inflation (3.68 percent) as the 40-year
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average gross domestic product deflator derived from U.S. Bureau of Labor Statistics data
covering the 1973-2012 period.'*

To estimate the WACC of commercial refrigeration equipment purchasers, DOE used a
sample of companies involved in grocery and multi-line retailing and restaurants drawn from a
database of U.S. companies given on the Damodaran Online individual company worksheet cited
earlier. The Damodaran database includes most of the publicly traded companies in the United
States.

DOE divided the companies into categories according to their type of activity (e.g., Small
Grocery & Convenience, which covers convenience stores with and without gasoline stations).
DOE used financial information for all of the firms in the Damodaran database engaged in each
of the seven classes of business. Two classes—Other Food Service and Gas Station with
Convenience Store—were not identifiable and therefore were calculated differently.

Table 8.2.15 outlines the building type and ownership categories as well as the number of
companies used for determining discount rates. For five of the seven building categories there is
a mixture of large companies with stock traded on major U.S. stock exchanges and smaller
companies that are not publicly traded—e.g., single-store or small, local chains of convenience
stores or restaurants. The cost of capital for small, independent grocers, convenience store
franchisees, gasoline station owner-operators, and others with more limited access to capital is
more difficult to determine than for publicly traded companies. Individual credit-worthiness
varies considerably, and some franchisees have access to the financial resources of the
franchising corporation. To model this cost of capital difference, DOE uses a small business
premiurrhof 1.9 percent (real) based on data compiled from the Small Business Administration
website.

Table 8.2.15 Derivation of Real Discount Rates by Building Type

Major Chain Local Ol: Governmental
Non-Chain No
Building Type Description Percent Small Percent | Muni | Percent Discount Obs'*
WACC of Firm of Bond of Rate :
Stock Premium Stock Rate Stock
Large Grocery 4.16% 100% 0.0% 0% 0% 0% 4.16% 18
Small Grocery & 4.20% 50% 1.9% 50% 0% 0% 5.19% 5
Convenience
Gas Station With 4.20% 50% 1.9% 50% 0% 0% 5.19% NA
Convenience Store
Multi-Line Retail 4.33% 100% 0.0% 0% 0% 0% 4.33% 6
Restaurant - Limited Service 5.29% 50% 1.9% 50% 0% 0% 6.29% 21
Restaurant - Full Service 5.61% 50% 1.9% 50% 0% 0% 6.62% 24
Restaurant - Other Food 5.61% 25% 1.9% 25% 1| 2.34% 50% 4.48% NA
Service

Source: Pacific Northwest National Laboratory (PNNL) WACC calculations applied to firms sampled from the Damodaran Online
web site. Assumptions for weighting factors for convenience and food service reflect lack of reliable data sources.
*Number of Damodaran observations available.

For two building types, Gas Station with Convenience Store and Restaurant — Other Food
Service, no representative data was identifiable in the Damodaran database. Gas Station with
Convenience Store was set equal to the discount rate for Small Grocery and Convenience. Other
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Food Service was based on the WACC derived for Full Service Restaurants. The main difference
between the resulting discount rate is that a significant portion of this building category consists
of cafeterias, a large percentage of which are located in schools, universities, and governmental
buildings. No data exist on the exact percentage, so it was weighted as 50 percent schools and 50
percent privately owned. The discount rate for schools, universities, and governmental buildings
was set equal to a 40-year geometric average of municipal bond rates, mixed quality, obtained
from the Federal Reserve Bank of St. Louis.

DOE’s research identified multiple data sources indicating the percentages of building
stock represented by major chains and by local or non-chain establishments. All of the data
sources exhibited ambiguities and in many cases contradicted other data sources. For the NOPR,
the percentages were set to approximate, round values to reflect the uncertainty of the data, as
shown in Table 8.2.15. Both Large Grocery and Multi-Line Retail were assumed to be
dominated by major chains, and the percentage divisions were set accordingly.

8.2.3.7 Compliance Date of Standard

The compliance date is the future date after which all manufacturers selling equipment in
the United States should comply by the standards. Under 42 U.S.C. 6313(a)(6)(c), the
compliance date of any new energy conservation standard for commercial refrigeration
equipment will be 3 years after the final rule is published. DOE calculated the LCC for all
customers as if they each would purchase a new commercial refrigeration equipment unit in the
year starting on the compliance date. Consistent with its published regulatory agenda, DOE
assumed that the final rule will be issued in 2014 and therefore the compliance date for the new
standards will be in 2017. For the LCC analysis, the year of equipment purchase was assumed to
be 2017. All dollar values are expressed in 2012§.

8.3 PAYBACK PERIOD INPUTS
8.3.1 Definition

Payback period is the amount of time it takes the customer to recover the higher purchase
cost of more energy efficient equipment as a result of lower operating costs. Numerically, the
PBP is the ratio of the increase in purchase cost to the decrease in annual operating expenditures.
This type of calculation is known as a “simple” payback period because it does not take into
account changes in operating cost over time or the time value of money; that is, the calculation is
done at an effective discount rate of zero percent.

The equation for PBP is:
PBP =AIC/AOC
Eq. 8.12

Where:

PBP = payback period in years,
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AIC = difference in the total installed cost between the CSL and the baseline level equipment,
and

AOC = difference in the first year annual operating costs between the CSL and the baseline level
equipment.

PBPs are expressed in years. PBPs greater than the life of the product mean that the
increased total installed cost of the CSL is not likely to be recovered in reduced operating costs
over the life of the equipment.

8.3.2 Inputs

The data inputs to PBP are the total installed cost of the equipment to the customer for
each CSL and the annual (first year) operating costs for each CSL. The inputs to the total
installed cost are the equipment price and the installation cost. The inputs to the operating costs
are the annual energy cost, the annual repair cost, and the annual maintenance cost. The PBP
calculation uses the same inputs as the LCC analysis described in section 8.2, except that
electricity price trends and discount rates are not required because the PBP is a “simple”
(undiscounted) payback and the required electricity price is only for the year in which a new
efficiency standard is to take effect—in this case, the year 2017. The electricity price used in the
PBP calculation of electricity cost was the price projected for 2017, expressed in 20128.
Discount rates are not used in the PBP calculation.

84  LIFE-CYCLE COST AND PAYBACK PERIOD RESULTS

This section presents the results of the LCC and PBP analysis, including the mean and
median values of LCC savings and PBP. Appendix 8B presents additional details along with
distribution of impacts on customers.

8.4.1 Life-Cycle Cost Results

Figure 8.4.1 shows the change in LCC over the eight efficiency levels for an example
equipment class (VCT.SC.L). The LCC values on this chart are mean values obtained from the
LCC analysis. This curve is presented here as an example to illustrate the typical relationship
between installation cost and LCC over all the efficiency levels for an equipment class. The
installed costs increase steadily from the baseline to the highest possible efficiency level (Level
8) and the LCCs decrease from Level 1 to Level 7. The increase in installed cost from Level 7 to
Level 8 is not offset by the decrease in operating cost because of the large increase in installed
cost with relatively small gains in energy savings. Therefore, for this equipment class there is an
increase in LCC at Level 8 when compared to Level 7.
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VCT.SC.L: Life Cycle and Installed Costs
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Figure 8.4.1 LCC and Installed Cost Variation over CSLs for the VCT.SC.L Equipment
Class

Since the LCC analysis was carried out in the form of Monte Carlo simulations, the LCC
savings outputs obtained from the LCC analysis are in the form of distributions. LCC savings
distributions are illustrated here with the example of the VCT.SC.L equipment class as shown in
Figure 8.4.2. Similar plots of LCC savings distribution are presented in appendix 8B for all
equipment classes analyzed. Table 8.4.1 presents the numerical values associated with the plot in
Figure 8.4.2. Figure 8.4.2 illustrates the mean and median values on the plot with the help of red
and blue markers, respectively. The elongated large rectangular box is used to represent the 25
and 75" percentile values. The lower edge of the elongated rectangle represents 25™ percentile,
which means that 25 percent of the customers would experience LCC savings of $2,498 or less if
the standard were to be set at Level 2, $2,658 or less in LCC savings if the standards were set at
Level 3, and so on. The median value of LCC savings is equal to the 50" percentile. The upper
edge of the elongated rectangle represents the 75™ percentile. The two ends of the vertical black
line for each efficiency level represent the 5™ percentile (lower end) and 95" percentile (upper

end).

Mean and median LCC savings for all equipment classes analyzed are summarized in
Table 8.4.2 and Table 8.4.3, respectively.
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Figure 8.4.2 LCC Savings Distribution for All the CSLs for Equipment Class VCT.SC.L

Table 8.4.1 LCC Savings Distribution Results for Equipment Class VCT.SC.L

Efficiency Level 2 3 4 5 6 7 8
Mean 3,037 4,186 2,523 1,984 1,587 1,343 (343)
%, | Median 2,931 3,773 2,333 323 239 196 (1,370)
£ « | (50" Percentile)
5 g 5™ Percentile 1,987 1,889 32 96 0 (6) (1,572)
o N | 25" Percentile 2,498 2,658 53 181 101 36 (1,495)
< 75™ Percentile 3,464 5,369 4,302 3,433 2,877 2,283 (847)
95" Percentile 4,494 7,978 7,191 6,921 6,529 6,210 4,491

* Values in parentheses are negative numbers.
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Table 8.4.2 Mean LCC Savings for All Equipment Classes and CSLs

Mean LCC Savings***

Equipment 20128
Class Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 Level 8

VOP.RC.M $235.92 $743.00 $1,788.85 $1,493.72 | ($1,668.79) NA NA
VOP.RC.L $537.27 $1,516.59 $1,129.51 | ($3,692.90) NA NA NA
VOP.SC.M $115.53 $170.78 $227.17 $814.91 $691.27 ($376.52) NA
VCT.RC.M $175.23 $1,864.44 $1,758.73 $1,363.59 $1,108.13 | ($2,508.61) NA
VCT.RC.L $1,658.64 $1,357.25 $1,004.72 $797.91 | (8$3,624.20) NA NA
VCT.SC.M $566.18 $1,363.60 $1,122.14 $894.21 $748.09 $641.05 ($595.52)
VCT.SC.L $3,037.41 $4,186.06 $2,522.67 $1,984 .45 $1,587.41 $1,342.84 ($343.16)
VCT.SC.I $1,151.77 $572.05 $608.48 $486.28 $431.88 | ($1,591.87) NA
VCS.SC.M $508.27 $278.84 $195.52 $162.88 $144.16 $131.80 | ($1,042.03)
VCS.SC.L $924.24 $524.52 $382.36 $329.33 $267.81 $220.83 | ($1,274.03)
VCS.SC.I $6.93 $236.77 $171.90 $176.83 $152.69 | ($1,818.87) NA
SVO.RC.M $73.77 $551.98 $1,216.77 $1,008.46 | ($1,015.16) NA NA
SVO.SC.M $21.89 $324.33 $334.89 $587.90 $491.99 ($201.61) NA
SOC.RC.M $118.36 $226.26 $997.89 $765.75 $494.51 ($982.21) NA
HZO.RCM | ($1,271.24) NA NA NA NA NA NA
HZO.RC.L | ($2,134.96) NA NA NA NA NA NA
HZO.SC.M $8.85 $48.60 $28.78 ($821.57) NA NA NA
HZO.SC.L ($473.71) NA NA NA NA NA NA
HCT.SC.M $99.20 $106.59 $117.59 $359.48 $307.26 $253.60 ($293.54)
HCT.SC.L $204.67 $217.19 $790.53 $571.07 $446.02 $368.92 ($354.75)
HCT.SC.I $21.83 $34.69 $42.48 ($811.31) NA NA NA
HCS.SC.M $23.07 $19.18 $16.66 $8.68 ($10.26) ($422.79) NA
HCS.SC.L $68.03 $71.83 $74.69 $80.97 $80.72 ($400.63) NA
PD.SC.M $1,009.53 $933.59 $615.94 $456.97 $368.81 $310.43 ($637.94)
SOC.SC.M $794.63 $646.15 $466.47 $1,241.60 $1,015.62 $739.75 ($735.33)

* NA implies there are no associated CSLs.
**Values in parentheses are negative values.
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Table 8.4.3 Median LCC Savings for All Equipment Classes and CSLs

Median LCC Savings***

Equipment 20128
Class Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 Level 8

VOP.RC.M $218.97 $692.78 $1,597.21 $1,386.60 | ($1,769.27) NA NA
VOP.RC.L $499.00 $1,414.37 $1,189.56 | ($3,852.38) NA NA NA
VOP.SC.M $109.17 $159.78 $203.28 $737.39 $655.36 ($393.19) NA
VCT.RC.M $161.37 $1,698.77 $1,720.74 $1,300.46 $535.18 | ($3,164.25) NA
VCT.RC.L $1,548.46 $1,007.99 $590.56 $330.01 | ($4,069.46) NA NA
VCT.SC.M $540.88 $1,263.78 $1,144.46 $835.95 $267.37 $142.91 | ($1,093.09)
VCT.SC.L $2,930.96 $3,772.61 $2,332.55 $323.16 $238.78 $195.53 | ($1,370.50)
VCT.SC.I $1,106.11 $48.55 $292.20 $244.77 $210.18 | ($1,814.20) NA
VCS.SC.M $476.34 $63.09 $49.96 $47.04 $46.03 $44.77 | ($1,118.86)
VCS.SC.L $870.59 $159.76 $141.53 $129.48 $91.41 $62.97 | ($1,411.62)
VCS.SC.I $6.50 $220.74 $199.83 $128.26 $87.82 | ($1,865.05) NA
SVO.RC.M $67.77 $502.00 $1,052.23 $882.01 | ($1,151.94) NA NA
SVO.SC.M $20.87 $305.70 $342.61 $527.63 $442.48 ($262.18) NA
SOC.RC.M $107.95 $211.62 $895.27 $751.76 $490.36 | ($1,061.05) NA
HZO.RCM | ($1,273.12) NA NA NA NA NA NA
HZO.RC.L | (82,143.56) NA NA NA NA NA NA
HZO.SC.M $8.38 $45.07 $25.02 ($830.11) NA NA NA
HZO.SC.L ($475.85) NA NA NA NA NA NA
HCT.SC.M $93.69 $92.35 $96.94 $332.55 $304.32 $260.44 ($294.96)
HCT.SC.L $190.27 $184.31 $737.43 $613.99 $483.70 $31.61 ($630.30)
HCT.SC.I $20.55 $32.43 $36.45 ($824.21) NA NA NA
HCS.SC.M $21.79 $15.60 $10.06 $2.40 ($16.02) ($426.21) NA
HCS.SC.L $64.38 $60.95 $60.13 $66.76 $63.51 ($420.71) NA
PD.SC.M $968.08 $720.68 $431.23 $9.94 $38.80 $9.34 ($903.62)
SOC.SC.M $730.27 $431.69 $267.79 $1,076.79 $916.50 $665.93 ($829.93)

* NA implies there are no associated CSLs.
**Values in parentheses are negative values.

8.4.2

Payback Period Results

Figure 8.4.3 presents the distribution of the PBP results for CSLs 2 to 8 of an example
equipment class (VCT.SC.L). The numerical values associated with this plot are presented in
Table 8.4.4. The red marker represents the mean and the blue marker represents the median PBP
for each CSL. The lower edge of the elongated rectangular box represents the 25t percentile,
which means that 25 percent of the customers would experience a PBP of 0.25 years or less if the

energy conservation standard were to be set at Level 2, 0.47 years or less if the energy

conservation standard were to be set at Level 3, and so on. The upper edge of the rectangular box
represents the 75% percentile. The two ends of the vertical line represent the 5t percentile (lower
end) and 95" percentile (upper end). Table 8.4.5 and Table 8.4.6 summarize the mean and

median PBPs, respectively, for all CSLs of all the analyzed equipment classes. Results similar to
Figure 8.4.3 are presented in appendix 8B for all equipment classes.
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Figure 8.4.3 Mean Payback Period for All CSLs for the Equipment Class VCT.SC.L

Table 8.4.4 Payback Period Distribution Results for VCT.SC.L

CSL 2 3 4 5 6 7 8
Mean 029 1] 056 | 0.59| 0.80| 0.82 | 0.93 | 3.53
Median 031 1] 058 0.61 | 0.83 | 0.85| 0.96| 3.65
(50™ Percentile)

5™ Percentile 021 | 039 | 041 | 0.56 | 0.57 | 0.65 | 245
25" Percentile 025 | 047 | 049 | 0.66 | 0.68 | 0.77 | 2.93
75™ Percentile 033 | 0.64 | 0.67 | 091 | 093 | 1.06 | 4.01
95™ Percentile 037 070 | 0.74| 1.00 | 1.03 | 1.17 | 443

Payback period
years
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Table 8.4.5 Mean Payback Period for All Equipment Classes and CSLs

Mean Payback Period*

Equipment
Class years

Level2 | Level3 | Level4 | Level5 | Level 6 | Level 7 | Level 8
VOP.RC.M 1.67 1.72 3.66 3.79 11.42 NA NA
VOP.RC.L 1.08 1.97 2.16 17.76 NA NA NA
VOP.SC.M 1.51 1.63 2.20 4.17 4.44 11.50 NA
VCT.RC.M 1.20 2.34 2.36 2.54 2.61 12.67 NA
VCT.RC.L 0.95 1.26 1.46 1.59 15.25 NA NA
VCT.SC.M 0.83 1.67 2.13 2.22 241 2.45 7.84
VCT.SC.L 0.29 0.56 0.59 0.80 0.82 0.93 3.53
VCT.SC.I 0.75 0.86 1.63 1.75 1.98 13.26 NA
VCS.SC.M 0.72 0.75 0.80 0.96 1.21 1.71 13.73
VCS.SC.L 0.48 0.54 0.57 0.88 0.97 1.12 10.26
VCS.SC.I 0.62 0.78 1.15 2.02 2.35 26.46 NA
SVO.RC.M 1.26 2.55 4.20 4.36 11.23 NA NA
SVO.SC.M 1.21 1.93 2.02 4.34 4.66 10.16 NA
SOC.RC.M 1.21 1.39 3.21 3.44 4.27 11.51 NA
HZO.RC.M 157.02 NA NA NA NA NA NA
HZO.RC.L 81.59 NA NA NA NA NA NA
HZO.SC.M 1.85 2.37 6.25 54.42 NA NA NA
HZO.SC.L 71.79 NA NA NA NA NA NA
HCT.SC.M 0.47 0.68 0.86 2.19 2.37 3.02 12.01
HCT.SC.L 0.34 0.52 0.99 1.03 1.14 1.45 7.06
HCT.SC.I 0.87 2.35 421 27.56 NA NA NA
HCS.SC.M 0.48 1.60 2.47 4.18 7.24 33.15 NA
HCS.SC.L 0.25 0.57 0.84 1.33 2.50 14.58 NA
PD.SC.M 0.52 1.08 1.12 1.19 1.95 2.21 7.43
SOC.SC.M 1.01 1.09 1.21 2.28 2.42 291 7.21

* NA implies there are no associated CSLs.
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Table 8.4.6 Median Payback Period for All Equipment Classes and CSLs

) Median Payback Period*

Equipment years

Class Level2 | Level3 | Level4 | Level5 | Level 6 | Level 7 | Level 8
VOP.RC.M 1.73 1.77 3.77 3.91 11.76 NA NA
VOP.RC.L 1.11 2.03 2.22 18.30 NA NA NA
VOP.SC.M 1.50 1.61 2.17 4.12 4.39 11.37 NA
VCT.RC.M 1.23 2.42 2.43 2.62 2.70 13.09 NA
VCT.RC.L 0.98 1.30 1.51 1.64 15.75 NA NA
VCT.SC.M 0.86 1.73 2.21 2.30 2.49 2.54 8.13
VCT.SC.L 0.31 0.58 0.61 0.83 0.85 0.96 3.65
VCT.SC.I 0.75 0.86 1.63 1.74 1.97 13.21 NA
VCS.SC.M 0.74 0.78 0.82 0.98 1.25 1.75 14.11
VCS.SC.L 0.49 0.55 0.59 0.91 1.00 1.15 10.54
VCS.SC.I 0.64 0.80 1.18 2.07 2.42 27.19 NA
SVO.RC.M 1.31 2.64 4.34 4.50 11.60 NA NA
SVO.SC.M 1.24 1.97 2.06 4.43 4.75 10.36 NA
SOC.RC.M 1.25 1.44 3.31 3.55 4.41 11.88 NA
HZO.RCM | 161.23 NA NA NA NA NA NA
HZO.RC.L 83.78 NA NA NA NA NA NA
HZO.SC.M 1.89 2.42 6.40 55.78 NA NA NA
HZO.SC.L 73.62 NA NA NA NA NA NA
HCT.SC.M 0.48 0.69 0.88 2.24 2.42 3.08 12.26
HCT.SC.L 0.34 0.53 1.00 1.05 1.15 1.47 7.15
HCT.SC.I 0.88 2.39 4.28 27.99 NA NA NA
HCS.SC.M 0.50 1.64 2.54 4.28 7.43 34.05 NA
HCS.SC.L 0.26 0.58 0.86 1.36 2.57 14.98 NA
PD.SC.M 0.53 1.10 1.15 1.22 1.99 2.27 7.61
SOC.SC.M 1.03 1.12 1.24 2.35 2.49 2.99 7.42

* NA implies there are no associated CSLs.
8.4.3 Rebuttable Presumption Payback Period

Sections 325(0)(2)(B)(iii) and 345(e)(1)(A) of EPCA (42 U.S.C. 6295(0)(2)(B)(iii) and
42 U.S.C. 6316(e)(1)(A)) establish a rebuttable presumption for commercial refrigeration
equipment. The rebuttable presumption states that a standard is economically justified if the
Secretary finds that “the additional cost to the consumer of purchasing a product complying with
an energy conservation standard level will be less than three times the value of the energy
savings during the first year that the consumer will receive as a result of the standard, as
calculated under the applicable test procedure.” This rebuttable presumption test is an alternative
path to establishing economic justification.

To evaluate the rebuttable presumption, DOE estimated the additional cost of purchasing
more efficient, standards-compliant equipment, and compared this cost to the value of the energy
saved during the first year of operation of the equipment. DOE interprets that the increased cost
of purchasing standards-compliant equipment includes the cost of installing the equipment for
use by the purchaser. DOE calculated the rebuttable presumption payback period (RPBP), or the
ratio of the value of the increased installed price above the baseline efficiency level to the first

8-40



year’s energy cost savings. When RPBP is less than 3 years, the rebuttable presumption is
satisfied; when RPBP is equal to or more than 3 years, the rebuttable presumption is not
satisfied. Note that this RPBP calculation does not include other components to the annual
operating cost of the equipment (i.e., maintenance costs and repair costs). The RPBPs calculated
can thus be different from the PBPs calculated in section 8.4.2.

DOE calculated the RPBPs for the distribution of installed costs and energy prices
discussed in sections 8.4.1 and 8.4.2, which are representative of the same seven types of
businesses and all 50 states. The RPBP was calculated for each CSL within each equipment
class.

Table 8.4.7 shows the nationally averaged RPBPs calculated for all equipment classes
and CSLs.

Table 8.4.7 Rebuttable Presumption Payback Periods by CSL and Equipment Class

. Median Rebuttable Presumption Payback Period*

Equipment years

Class Level 2 | Level 3 | Level 4 | Level S | Level 6 | Level 7 | Level 8
VOP.RC.M 1.66 1.68 3.39 3.52 10.62 NA NA
VOP.RC.L 1.06 1.99 2.17 17.82 NA NA NA
VOP.SCM 1.44 1.48 1.92 3.64 3.88 10.09 NA
VCT.RCM 1.05 2.25 2.28 2.46 2.53 12.27 NA
VCT.RC.L 0.94 1.24 1.44 1.56 15.06 NA NA
VCT.SC.M 0.79 1.62 2.08 2.15 2.34 2.38 7.63
VCT.SC.L 0.32 0.58 0.60 0.82 0.84 0.95 3.61
VCT.SC.I 0.71 0.81 1.53 1.63 1.85 12.41 NA
VCS.SC.M 0.66 0.70 0.74 0.88 1.10 1.56 12.72
VCS.SC.L 0.45 0.51 0.54 0.84 0.92 1.05 9.73
VCS.SC.I 0.58 0.74 1.07 1.90 2.17 25.18 NA
SVO.RC.M 1.24 2.53 3.83 3.97 10.27 NA NA
SVO.SC.M 1.14 1.84 1.86 3.70 3.98 8.71 NA
SOC.RC.M 1.06 1.30 3.09 3.30 4.07 10.99 NA
HZO.RC.M 154.95 NA NA NA NA NA NA
HZO.RC.L 80.51 NA NA NA NA NA NA
HZO.SC.M 1.68 2.10 5.81 52.29 NA NA NA
HZO.SC.L 71.92 NA NA NA NA NA NA
HCT.SC.M 0.45 0.63 0.79 2.02 2.15 2.75 10.98
HCT.SC.L 0.33 0.50 0.96 1.00 1.09 1.39 6.79
HCT.SC.I 0.84 2.08 3.92 26.54 NA NA NA
HCS.SC.M 0.48 1.47 2.17 3.39 6.22 30.01 NA
HCS.SC.L 0.25 0.55 0.79 1.23 2.35 13.99 NA
PD.SC.M 0.49 1.03 1.07 1.13 1.85 2.11 7.09
SOC.SC.M 0.80 0.91 1.00 2.04 2.16 2.59 6.44

* NA implies there are no associated CSLs.
8.5 DETAILED RESULTS

DOE presents detailed results from the LCC analysis in appendix 8B. Plots similar to
Figure 8.4.2 and Figure 8.4.3 are presented in the appendix for all equipment classes. In addition,
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summary tables with all the necessary data in one table for each equipment class are presented in
appendix 8B. Table 8.5.1 is a reproduction of the summary table for an example equipment class,
VCT.SC.L. This table presents the mean values of installed costs, annual operating costs, LCC,
LCC savings, and median values of PBP for all the CSLs. It also presents the distribution of
customer impacts in the form of percentages of customers who experience net cost, no impact,
and net benefit as compared to the base-case scenario. The average LCC savings and the
percentage of customers experiencing a net benefit or cost are based on the market shares of the
efficiency levels. In the base case, not all customers are assumed to be buying equipment at the
baseline efficiency (Level 1). Some are assumed to be buying at higher efficiency levels. The
LCC savings is an average of the savings achieved by customers who, in the base case, were
buying less efficient equipment than the efficiency level examined. Customers with no impact
were assumed in the base case to be already buying more efficient equipment, so the efficiency
level in question would not affect them. Summary tables for each of the equipment classes are
provided in appendix 8B.

Table 8.5.1 Summary of Results of LCC and PBP Analysis for VCT.SC.L Equipment Class

Mean Values of Life-Cycle Cost Savings )
o Median
. Energy Annual % of Customers that
Efficiency . Installed . Average . - Payback
Consumption Operating | LCC . Experience .
Level Cost Savings Period
kWh/yr 20128 Cost 20128 20128 Net No Net cars
20128 Cost | Impact | Benefit Y
1 10,618 5,773 14,530 20,303 NA NA NA NA NA
2 7,852 5,861 11,345 17,205 | 3,037 0 90 10 0.31
3 4,921 6,101 8,222 14,323 | 4,186 0 76 24 0.58
4 4,853 6,120 8,150 14,270 | 2,523 0 60 40 0.61
5 4,541 6,271 7,811 14,082 | 1,984 0 44 56 0.83
6 4,514 6,286 7,790 14,076 | 1,587 3 29 68 0.85
7 4,411 6,364 7,692 14,056 | 1,343 7 15 78 0.96
8 4,222 8,077 7,486 15,562 (343) 74 2 24 3.65

* Percentages may not add up to 100 due to rounding.
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APPENDIX 8A. USER INSTRUCTIONS FOR LIFE-CYCLE COST SPREADSHEET
8A.1 INTRODUCTION

Detailed results of the life-cycle cost (LCC) and payback period (PBP) analyses for
commercial refrigeration equipment can be examined using a Microsoft Excel spreadsheet
available on the U.S. Department of Energy’s (DOE’s) Building Technologies (BT) website at
www.eere.energy.gov/buildings/appliance_standards/commercial_products.html.

8A.2 USER INSTRUCTIONS FOR LIFE-CYCLE COST SPREADSHEET

The spreadsheet allows the user to perform LCC analyses of any of 25 separate
equipment classes of commercial refrigeration equipment. To fully execute the spreadsheet
requires Microsoft Excel and Oracle’s Crystal Ball software, both of which are commercially
available.

The spreadsheet posted on the DOE website represents the latest version of the applicable
model and has been developed and tested with Excel 2010 and with Crystal Ball, Fusion Edition,
Release 11.1.2.1.000. Table 8A.2.1 describes the worksheets in the LCC spreadsheet.

Table 8A.2.1 Description of Worksheets in LCC Spreadsheet

Worksheet Description

Summary Contains the input selections and a summary table of energy use, operating
costs, LCC, and payback.

Ranges Provides the name, location, definition, and purpose of each of the named
ranges in the LCC model.

CH Lifecycle vs Inst Cost Provides a graph of the LCC versus installed cost by efficiency level for the
selected equipment class.

CH Payback vs Inst Cost Provides a graph of the simple PBP in years versus installed cost by
efficiency level for the selected equipment class.

CB_Outputs Stores Crystal Ball outputs. When Crystal Ball performs a 10,000-run

analysis, it stores a large amount of data in active memory. At the end of
the analysis, the spreadsheet captures (via formulas and a Visual Basic for
Applications macro) statistical data from the Crystal Ball analyses. These
data are stored in this worksheet.

Eq Distributions Provides distributions for various inputs used by Crystal Ball during the
Monte Carlo analyses.

OutputUs Provides LCC and PBP output for all of the equipment classes, efficiency
levels, and building types, but only for average U.S. conditions.

Equipment Parameters Contains calculations of equipment purchase, maintenance and repair costs,
and energy usage data used in the National Impact Analysis model.

Energy Expenditures Summarizes energy expenditure data for all building types and all
equipment classes. Data includes the 25 equipment classes currently being
analyzed.

Engineering Contains the per-unit manufacturer price data and energy use data for a

standard-sized unit of equipment for each of the 25 equipment classes
currently being analyzed. Also includes calculation of equipment price
(including retail markups and the sales tax), the installation price, and the
repair and maintenance costs per unit.
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Table 8A.2.1 (cont)

Worksheet

Description

Markups and Market

Calculates the wholesale and retail markup for the selected equipment
class, including any state and local sales tax. Also calculates weighted
average sales tax rates and weighted average contractor’s markup.
Contains data on maintenance and repair costs and market channels.

Contractor Markup Index

Contains data on contractor markups by state for calculating state-level
overall wholesale and retail markups.

Building Energy

Captures the per-unit energy usage for a standard-sized unit of equipment
in each equipment class, efficiency level, and state in kilowatt-hours and
million British thermal units.

AEO2013 Projections

Contains projections of future energy prices and price indices from the
2013 Annual Energy Outlook (AEOQ2013). Also contains estimates of
commercial sector energy prices by state, and an index of energy prices by
business type relative to the commercial average.

Electricity Prices Ratios CBECS

Contains data from the 2003 Commercial Building Energy Consumption
Survey (CBECS) on electricity prices paid by selected business types.

State Energy Price Detail

Contains data on prices paid for energy by commercial sector customers
from the Energy Information Administration (EIA) Form EIA-826
Database, “Sales and revenue data by state, monthly back to 1990 (Form
EIA-826),” for 2012, together with calculations to estimate the 2012 prices.

Installation Cost by State

Contains multipliers to vary the installation cost by state. Derived from data
published by RS Means Constru