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CHAPTER 1. INTRODUCTION

1.1 PURPOSE OF DOCUMENT

This technical support document (TSD) is a stand-alone report that provides the technical
analyses and results supporting the information presented in the Notice of Proposed Rulemaking
(NOPR) for walk-in coolers and walk-in freezers. This NOPR TSD reports on the activities and
analysis conducted in support of the NOPR.

1.2 SUMMARY OF NATIONAL BENEFITS

DOE’s analyses indicate that the proposed standards would save a significant amount of
energy. The lifetime full-fuel cycle energy savings for walk-in coolers and freezers purchased in
the 30-year period that begins in the year of compliance with new standards (2017-2046) amount
to 5.39 quads.®

The cumulative net present value (NPV) of total consumer costs and savings of the
proposed standards in 2012$ ranges from $8.6 billion (at a 7-percent discount rate) to $24.3
billion (at a 3-percent discount rate) for walk-in coolers and freezers. This NPV expresses the
estimated total value of future operating-cost savings minus the estimated increased product
costs for products purchased between 2017-2046, discounted to 2013.

In addition, the proposed standards would have significant environmental benefits. The
energy savings would result in cumulative emission reductions of 298 million metric tons
(MML)® of carbon dioxide (CO,), 443.8 thousand tons of nitrogen oxides (NOx), 379.5 thousand
tons of sulfur dioxide (SO,), and 0.63 tons of mercury (Hg).© DOE estimates the net present
monetary value of the CO, emissions reduction is between $1.88 billion and $27.51 billion at a
3-percent discount rate, expressed in 2012$ and discounted to 2013. DOE also estimates the net
present monetary value of the NOx emissions reduction, expressed in 2012$ and discounted to
2013d, is $243.5 million at a 7-percent discount rate and $553.5 million at a 3-percent discount
rate.

The benefits and costs of today’s proposed standards, for equipment sold in 2017-2046,
can also be expressed in terms of annualized values. The annualized monetary values are the sum

% The year 2017was chosen in anticipation of the potential compliance date.

® A metric ton is equivalent to 1.1 short tons. Results for NOx and Hg are presented in short tons.

¢ DOE calculates emissions reductions relative to the most recent version of the Annual Energy Outlook (AEO)
Reference case forecast. This forecast accounts for regulatory emissions reductions through 2010, including the
Clean Air Interstate Rule (CAIR, 70 FR 25162 (May 12, 2005)), but not the Clean Air Mercury Rule (CAMR, 70
FR 28606 (May 18, 2005)). Subsequent regulations, including the recently finalized transport rule, the Cross-State
Air Pollution rule issued on July 6, 2011, do not appear in the forecast at this time. See 76 FR 48208 (Aug. 8, 2011)
(publication of the Cross-State Air Pollution final rule).

9 DOE is aware of multiple agency efforts to determine the appropriate range of values used in evaluating the
potential economic benefits of reduced Hg emissions. DOE has decided to await further guidance regarding
consistent valuation and reporting of Hg emissions before it once again monetizes Hg in its rulemakings.
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of (1) the annualized national economic value of the benefits from consumer operation of
equipment that meets the proposed standards (consisting primarily of operating cost savings from
using less energy, minus increases in equipment purchase and installation costs, and (2) the
annualized monetary value of the benefits of emission reductions, including CO, emission
reductions. The value of the CO, reductions, otherwise known as the Social Cost of Carbon
(SCC), is calculated using a range of values per metric ton of CO, developed by a recent
interagency process. The derivation of the SCC values is discussed in chapter 16 of the TSD.

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. consumer 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 for
the lifetime of walk-ins shipped from 2017-2046. The SCC values, on the other hand, reflect the
present value of some future climate-related impacts resulting from the emission of one ton of
carbon dioxide in each year. These impacts continue well beyond 2100.

Table 1.2.1 shows the annualized values for today’s proposed standards. (All monetary
values below are expressed in 2012$.) The results under the primary estimate are as follows.
Using a 7-percent discount rate for benefits and costs other than CO2 reduction, for which DOE
used a 3-percent discount rate along with the SCC series corresponding to a value of $25.9/ton in
2012, the cost of the standards proposed in today’s rule is $367 million per year in increased
equipment costs, while the annualized benefits are $1.225 billion per year in reduced equipment
operating costs, $499 million in CO2 reductions, and $24 million in reduced NOx emissions. In
this case the net benefit amounts to $1.382 billion per year. Using a 3-percent discount rate for
all benefits and costs and the SCC series corresponding to a value of $25.7/ton in 2012, the cost
of the standards proposed in today’s rule is $399 million per year in increased equipment costs,
while the benefits are $1.606 billion per year in reduced operating costs, $499 million in CO2
reductions, and $31 million in reduced NOx emissions. In this case, the net benefit amounts to
$1.737 billion per year.



Table 1.2.1 Annualized Benefits and Costs of Proposed Standards for Walk-in Coolers and

Walk-in Freezers

Primar Low Net High Net
Discount Rate Estimatg/* Benefits Benefits
Estimate* Estimate*
(million 2012$/year)
Benefits
. . 7% 1,225 1,188 1,279
Operating Cost Savings 3% 1,606 1544 1687
CO, Reduction Monetized 0
Value (at $12.9/Metric Ton)** 5% 142 142 142
CO, Reduction Monetized
Value (at $40.8./Metric 3% 499 499 499
Ton)**
CO, Reduction Monetized 0
Value (at $62.2/Metric Ton)** 2.50% 739 739 739
CO, Reduction Monetized
Value (at $117.0/Metric 3% 1,534 1,534 1,534
Ton)**
NOy Reduction Monetized % 24 24 24
Value (at $2,639/T0n)** 3% 31 31 31
7% plus CO,
range 1,748 1,712 1,803
0,
Total Benefitst 7% 1,249 1,212 1,303
3% 1,637 1,574 1,718
0,
3% plus CO, 2,136 2,074 2217
range
Costs
Total Incremental Installed % 367 377 357
Costs 3% 399 414 385
Net Benefits
0,
7% plus CO, 1,382 1,335 1,446
range
Totalt 7% 883 835 946
3% 1,238 1,160 1,333
0,
3% plus CO, 1,737 1,660 1,832
range

* This table presents the annualized costs and benefits associated with walk-in coolers and freezers shipped in
2017-2046. These results include benefits to consumers which accrue after 2046 from the walk-in coolers and
freezers purchased in 2017-2046. Costs incurred by manufacturers, some of which may be incurred in preparation
for the rule, are not directly included, but are indirectly included as part of incremental equipment costs. The
Primary, Low Benefits, and High Benefits Estimates utilize projections of energy prices from the AEO2012
Reference case, Low Estimate, and High Estimate, respectively. In addition, incremental product costs reflect a
medium decline rate for projected product price trends in the Primary Estimate, a low decline rate for projected
product price trends using a Low Benefits Estimate, and a high decline rate for projected product price trends using
a High Benefits Estimate.

** These values represent global values (in 2012%$) of the social cost of CO, emissions in 2015 under several
scenarios. The values of $12.9, $40.8, and $62.2. per ton are the averages of SCC distributions calculated using 5-
percent, 3-percent, and 2.5-percent discount rates, respectively. The value of $117.0 per ton represents the 95th
percentile of the SCC distribution calculated using a 3-percent discount rate. For NO,, an average value ($2,639) of
the low ($468) and high ($4,809) values was used.
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t Total Monetary Benefits for both the 3 percent and 7 percent cases utilize the central estimate of social cost of
NO, and CO, emissions calculated at a 3-percent discount rate (averaged across three Integrated Assessment
Models (IAMs)), which is equal to $40.8/ton in 2015 (in 2012%).

1.3 OVERVIEW OF APPLIANCE STANDARDS

Title 111 of the Energy Policy and Conservation Act (EPCA) of 1975, as amended sets
forth a variety of provisions designed to improve energy efficiency. Part B of Title 11l (42 U.S.C.
6291-6309) provides for the Energy Conservation Program for Consumer Products Other Than
Automobiles. The National Energy Conservation Policy Act (NECPA), Pub. L. 95-619, amended
EPCA to add Part C° of Title 111 (42 U.S.C. 6311-6317), which established an energy
conservation program for certain industrial equipment. Section 312 of the Energy Independence
and Security Act of 2007 (EISA 2007) further amended EPCA by adding certain equipment to
this energy conservation program, including walk-in coolers and walk-in freezers (collectively
“walk-in equipment” or “walk-ins”), the subject of this rulemaking. (42 U.S.C 6311(1), (2),
6313(f) and 6314(a)(9))

EPCA sets forth general prescriptive standards for walk-ins. Walk-ins must have
automatic door closers that firmly close all walk-in doors that have been closed to within 1 inch
of full closure, for all doors narrower than 3 feet 9 inches and shorter than 7 feet; walk-ins must
also have strip doors, spring hinged doors, or other methods of minimizing infiltration when
doors are open. Walk-ins must also contain wall, ceiling, and door insulation of at least R-25 for
coolers and R-32 for freezers, excluding glazed portions of doors and structural members, and
floor insulation of at least R-28 for freezers. Walk-in evaporator fan motors of under 1
horsepower and less than 460 volts must be electronically commutated motors (brushless direct
current motors) or three-phase motors, and walk-in condenser fan motors of under 1 horsepower
must use permanent split capacitor motors, electronically commutated motors, or three-phase
motors. Interior light sources must have an efficacy of 40 lumens per watt or more, including any
ballast losses; less-efficacious lights may only be used in conjunction with a timer or device that
turns off the lights within 15 minutes of when the walk-in is unoccupied. See 42 U.S.C.
6313(f)(2).

Second, EPCA sets forth new requirements related to electronically commutated motors
for use in walk-ins. See 42 U.S.C. 6313(f)(2)). Specifically, in those walk-ins that use an
evaporator fan motor with a rating of under 1 horsepower and less than 460 volts, that motor
must be an electronically commutated motor unless DOE determined prior to January 1, 2009
that these motors are available from only one manufacturer. (42 U.S.C. 6313(f)(2)(A)) DOE
determined by January 1, 2009 that these motors were available from more than one
manufacturer; thus, the stated requirements apply. Additionally, EISA provided DOE with the
authority to permit the use of other types of motors as evaporative fan motors—if DOE
determines that, on average, those other motor types use no more energy in evaporative fan

¢ Part C has been redesignated as Parts A-1for editorial reasons.



applications than electronically commutated motors. (42 U.S.C. 6313(f)(2)(B)) DOE is unaware
of any other motors that would offer performance levels comparable to the electronically
commutated motors required by Congress. Accordingly, all evaporator motors rated at under 1
horsepower and under 460 volts must be electronically commutated motors.

Third, EPCA sets forth additional requirements for walk-ins with transparent reach-in
doors. Freezer doors must have triple-pane glass with either heat-reflective treated glass or gas
fill for doors and windows for freezers. Cooler doors must have either double-pane glass with
treated glass and gas fill or triple-pane glass with treated glass or gas fill. (42 U.S.C.
6313(f)(3)(A)-(B)) For walk-ins with transparent reach-in doors, EISA also prescribed specific
anti-sweat heater-related requirements: walk-ins without anti-sweat heater controls must have a
heater power draw of no more than 7.1 or 3.0 watts per square foot of door opening for freezers
and coolers, respectively. Walk-ins with anti-sweat heater controls must either have a heater
power draw of no more than 7.1 or 3.0 watts per square foot of door opening for freezers and
coolers, respectively, or the anti-sweat heater controls must reduce the energy use of the heater in
a quantity corresponding to the relative humidity of the air outside the door or to the
condensation on the inner glass pane. See 42 U.S.C. 6313(f)(3)(C)-(D).

1.4  PROCESS FOR SETTING ENERGY CONSERVATION STANDARDS

Under EPCA, when DOE studies new or amended standards, it must consider, to the
greatest extent practicable, the following seven factors (42 U.S.C. 6295 (0)(2)(B)(i)):

1) the economic impact of the standard on the manufacturers and consumers of the affected
products;

2) the savings in operating costs throughout the estimated average life of the product
compared to any increase in the initial cost or maintenance expenses;

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 products likely to result from the
imposition of the standard;

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.

Other statutory requirements are set forth in 42 U.S.C. 6295 (0)(1)-(2)(A), (2)(B)(ii)—
(i), and (3)—(4) and 42 U.S.C. 6316(e).
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DOE considers stakeholder participation to be a very important part of the process for
setting energy conservation standards. Through formal public notifications (i.e., Federal Register
notices), DOE actively encourages the participation and interaction of all stakeholders during the
comment period in each stage of the rulemaking. Beginning with the framework document and
during subsequent comment periods, interactions among stakeholders provide a balanced
discussion of the information that is required for the standards rulemaking.

Before DOE determines whether or not to adopt a proposed energy conservation
standard, it must first solicit comments on the proposed standard. (42 U.S.C. 6313(a)(6)(B)(i))
Any new or amended standard must be designed to achieve significant additional conservation of
energy and be technologically feasible and economically justified. (42 U.S.C. 6313(a)(6)(A)) To
determine whether economic justification exists, DOE must review comments on the proposal
and determine that the benefits of the proposed standard exceed its burdens to the greatest extent
practicable, weighing the seven factors listed above. (42 U.S.C. 6295 (0)(2)(B)(i))

After the publication of the framework document, the energy conservation standards
rulemaking process involves three additional, formal public notices, which DOE publishes in the
Federal Register. The first of the rulemaking notices is a notice of public meeting (NOPM),
which is designed to publicly vet the models and tools used in the preliminary rulemaking and to
facilitate public participation before the NOPR stage. The second notice is the notice of proposed
rulemaking (NOPR), which presents a discussion of comments received in response to the
NOPM and the preliminary analyses and analytical tools; analyses of the impacts of potential
amended energy conservation standards on consumers, manufacturers, and the Nation; DOE’s
weighting of these impacts of amended energy conservation standards; and the proposed energy
conservation standards for each product. The third notice is the final rule, which presents a
discussion of the comments received in response to the NOPR; the revised analyses; DOE’s
weighting of these impacts; the amended energy conservation standards DOE is adopting for
each product; and the effective dates of the amended energy conservation standards.

In January 2009, DOE published a NOPM and announced the availability of the
framework document. 74 FR 411 (January 6, 2009) The framework document, Walk-In Coolers
and Walk-In Freezers Energy Conservation Standard Framework Document, describes the
procedural and analytical approaches DOE anticipated using to evaluate the establishment of
amended energy conservation standards for this product. This document is available
at: http://www1.eere.energy.gov/buildings/appliance standards/commercial/wicf framework do
cument.html.

Subsequently, DOE held a public meeting on February 4, 2009 to discuss procedural and
analytical approaches to the rulemaking. In addition, DOE used the public meeting to inform and
facilitate involvement of interested parties in the rulemaking process. The analytical framework
presented at the public meeting described the different analyses, such as the engineering analysis
and the consumer economic analyses (i.e., the life-cycle cost (LCC) and payback period (PBB)
analyses), the methods proposed for conducting them, and the relationships among the various
analyses.

During the February 2009 public meeting, interested parties commented about numerous
issues relating to each one of the analyses. Comments from interested parties submitted during
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the framework document comment period elaborated on the issues raised during the public
meeting. DOE attempted to address these issues during its preliminary analyses and summarized
the comments and DOE’s responses in chapter 2 of the preliminary TSD.



Table 1.4.1 Analyses Under the Process Rule

Preliminary Analyses

NOPR

Final Rule

Market and technology
assessment

Revised preliminary analyses

Revised NOPR analyses

Screening analysis

Life-cycle cost sub-group
analysis

Engineering analysis

Manufacturer impact analysis

Markups for equipment price
determination

Environmental assessment

Life-cycle cost and payback
period

Employment impact analysis

Shipment analysis

Regulatory impact analysis

National impact analysis

Preliminary manufacturer impact
analysis

As part of the information gathering and sharing process, DOE organized and held
interviews with manufacturers of walk-in coolers and walk-in freezers considered in this
rulemaking. DOE selected companies that represented production of all types of products,
ranging from small to large manufacturers. DOE had four objectives for these interviews: (1)
solicit manufacturer feedback on the draft inputs to the engineering analysis; (2) solicit feedback
on topics related to the preliminary manufacturer impact analysis; (3) provide an opportunity,
early in the rulemaking process, to express manufacturers’ concerns to DOE; and (4) foster
cooperation between manufacturers and DOE.

DOE incorporated the information gathered during the engineering interviews with
manufacturers into its engineering analysis (chapter 5 of the preliminary TSD) and the
preliminary manufacturer impact analysis (chapter 12 of the preliminary TSD).

DOE developed spreadsheets for the engineering, LCC, PBP, and national impact
analyses for each product. For each product, DOE developed an LCC spreadsheet that calculates
the LCC and PBP at various energy efficiency levels. DOE also developed a national impact
analysis spreadsheet that calculates the national energy savings (NES) and national net present
values (NPVs) at various energy efficiency levels. This spreadsheet includes a model that
forecasts the impacts of amended energy conservation standards at various levels on product
shipments.




In April 2010, DOE published the NOPM and availability of the preliminary TSD. 75 FR
17080 (April 15 2010). The preliminary TSD provides technical analyses and results that support
the information presented in the preliminary NOPM and the executive summary for walk-in
coolers and walk-in freezers. The preliminary TSD also provides a detailed description of all of
the analyses discussed in the paragraphs above. The preliminary TSD is available at:
http://www.regulations.gov/#!documentDetail;D=EERE-2008-BT-STD-0015-0042

Following publication of the NOPM and the preliminary TSD, DOE held a public
meeting on May 19, 2010 to facilitate discussion about the preliminary analyses that were
performed for the NOPM and described in the preliminary TSD. In addition to the public
meeting, a written comment period was open until May 28, 2010 to allow interested parties to
provide new comments or elaborate on any comments made at the public meeting.

DOE organized and held a second round of interviews with manufacturers to gather
additional feedback on the analyses and to provide input to the manufacturer impact analysis that
was conducted for this NOPR.

In addition to revising the various preliminary analyses, DOE also performed an LCC
subgroup analysis, manufacturer impact analysis, utility impact analysis, employment impact
analysis, and regulatory impact analysis for this NOPR.

1.5 STRUCTURE OF THE DOCUMENT

This TSD outlines the analytical approaches used in this rulemaking. The TSD consists of
17 chapters and associated appendices.

Chapter 1 Introduction: provides an overview of the appliance standards program
and how it applies to the walk-in coolers and freezers rulemaking,
provides a history of DOE’s actions to date, and outlines the structure of
this document.

Chapter 2 Analytical Framework: describes the rulemaking process.

Chapter 3 Market and Technology Assessment: characterizes the market for the
considered products and technologies available for increasing product
efficiency.

Chapter 4 Screening Analysis: identifies all the design options that improve walk-in

cooler and walk-in freezer efficiency, and determines which technology
options are viable for consideration in the engineering analysis.

Chapter 5 Engineering Analysis: discusses the methods used for developing the
relationship between increased manufacturer price and increased
efficiency.
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Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Chapter 11

Chapter 12

Chapter 13

Chapter 14

Chapter 15

Markups Analysis: discusses the methods used for establishing markups
for converting manufacturer costs to customer retail prices.

Energy Use Analysis: discusses the process used for generating energy-
use estimates for the considered products as a function of standard levels.

Life-Cycle Cost and Payback Period Analyses: discusses the effects of
standards on individual customers and users of the products and compares
the LCC and PBP of products with and without higher efficiency
standards.

Shipments Analysis: discusses the methods used for forecasting shipments
with and without higher efficiency standards, including how product
purchase decisions are economically influenced and how DOE models this
relationship with econometric equations.

National Impact Analysis: discusses the methods used for forecasting
national energy consumption and national economic impacts based on
annual product shipments from 2016 through 2045 and estimates the
future product energy efficiency distributions in the absence and presence
of energy conservation standards.

Life-Cycle Cost Sub-Group Analysis: evaluates impacts on any

identifiable groups or customers who may be disproportionately affected
by any proposed national energy efficiency standard level.

Manufacturer Impact Analysis: discusses the effects of standards on the
finances and profitability of product manufacturers.

Employment Impact Analysis: discusses the effects of standards on
national employment.

Utility Impact Analysis: discusses the effects of standards and electric and
gas utilities.

Emissions Analysis: discusses the effects of standards on emissions of
carbon dioxide (CO,), nitrogen oxide (NOy), and mercury.
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Chapter 16

Chapter 17

Appendix 5A

Appendix 6A
Appendix 6B
Appendix 7A

Appendix 8A

Appendix 8B

Appendix 8C

Appendix 8D

Appendix 8E

Appendix 8F
Appendix 8G
Appendix 9A
Appendix 10A
Appendix 10B
Appendix 10C
Appendix 10D

Appendix 10E

Monetization of Emissions Reductions Benefits: discusses the basis for the
estimated monetary values used for the reduced emissions of CO, and
other pollutants that are expected to result from each of the TSLs
considered.

Regulatory Impact Analysis Report: discusses the impact of non-
regulatory alternatives to efficiency standards.

Engineering Data: Full engineering analysis results for all equipment
classes and analysis points.

Data for Refrigeration System Wholesalers.
Data for General Contractors.
Detailed Methodology for Developing the State Weighting Factors.

Instructions for using the Life Cycle Cost and Payback Period
spreadsheets.

Provides details of the Monte Carlo analysis — characterizing uncertainty
and variability in the Life Cycle Cost analysis.

Discount rate distributions.

Estimates of refrigeration systems price trends for walk-in coolers and
freezers.

Life-cycle cost and payback period results for refrigeration systems with
respect to its own baseline (discrete inputs)

Distribution of Consumer LCC Impacts for Refrigeration Systems.
Distribution of Consumer LCC Impacts for Envelope Components.
Instructions for using the Shipment Model spreadsheets.
Instructions for using the National Impact Analysis Spreadsheets.
Provides detailed National Energy Savings results.

Provides detailed Net Present Value results.

Description of the Trial Standard Levels Selection Process.

National net present value using alternative price forecasts
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Appendix 10F Annualized benefits and costs of considered standard levels
Appendix 12A Government Regulatory Impact Model Overview

Appendix 16A Table Al of “Social Cost of Carbon for Regulatory Impact Analysis
Under Executive Order 12866”.
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CHAPTER 2. ANALYTICAL FRAMEWORK

2.1 INTRODUCTION

Section 6313(f)(4)(A) of 42 United States Code (U.S.C.) requires the U.S. Department of
Energy (DOE) to set forth energy conservation standards that achieve the maximum
improvement in energy efficiency that is technologically feasible and economically justified. For
purposes of this rulemaking, DOE also plans to adopt those standards that are likely to result in a
significant conservation of energy. See 42 U.S.C. 6295(0)(3)(B). This chapter provides a
description of the general analytical framework that DOE uses in developing such standards; in
particular, standards for walk-in coolers and walk-in freezers (WICF or walk-ins; “the
considered equipment”). The analytical framework is a description of the methodology,
analytical tools, and relationships among the various analyses that are part of this rulemaking.
For example, the methodology that addresses the statutory requirement for economic justification
includes analyses of life-cycle cost (LCC), economic impact on manufacturers and users,
national benefits, impacts, if any, on utility companies, and impacts, if any, from lessening
competition among manufacturers.

Figure 2.1.1 summarizes the analytical components of the standards-setting process. The
focus of this figure is the center column, identified as “Analyses.” The columns labeled “Key
Inputs” and “Key Outputs” show how the analyses fit into the rulemaking process, and how the
analyses relate to each other. Key inputs are the types of data and information that the analyses
require. Some key inputs exist in public databases; DOE collects other inputs from stakeholders
or persons with special knowledge. Key outputs are analytical results that feed directly into the
standards-setting process. Dotted lines connecting analyses show types of information that feed
from one analysis to another.
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Approaches

Key Inputs :

Analyses

Key Outputs

Framework Document

« Characterize Industry

« |dentify Firms/Products
« Historical Shipments

« Analysis of Market Data

» Market Segmentation
* Non-Regulatory Programs

Market and Technology
Assessment

« Analysis of Product Data

* Product Prototypes

* Product Classes
« Technology Options

Product Classes l

lTechnoIogy

Options

« Efficiency-Level Approach
« Design Option Approach

* Manufacturing Cost

Screening Analysis

« Design Options

Design Options l,

* Analysis of Energy Use
Data

« Define Distribution Channels

« Economic Census Data
Analysis

« Retail Price Collection and
Analysis

« Accounting Approach

*Backcast and Forecast
* Market Saturation

« Efficiency/Performance

Engineering Analysis

Design Energy/ Use |

« Product Designs

Energy Use

Markups for
Product Price

Product Designs

—\ Annual Energy Use (UEC)

:Retail
\Prices

Energy-Efficiency
Levels

> Determination

«Energy Prices
« Installation Costs

Life-Cycle Cost and
Payback Period

« Life-Cycle Costs
« Payback Periods

N>
« Maintenance & Repair Costs I/ Analyses
« Energy-Efficiency Levels Candidate <UEC « Installation

¥ Standard| |+ Energy Prices | COStS
Levels 9y » Maint Costs
Shipments +Repair Costs
| : L
Analysis National Impact

» National Energy Savings
* Net Present Values

Alternatives

Regulatory Impact

Analysis

«Net Present Values

« Energy Price Forecasts l_r | Analysis
« Site-to-Source Factors
- P « Conversion Capital Expenditures
» Manufacturer Prices —> Prelim mnary « Direct Employment Impacts
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The analyses performed prior to the notice of proposed rulemaking (NOPR) stage as part
of the preliminary analyses and described in the preliminary technical support document (TSD)
are listed below. These analyses were revised for the NOPR based in part on comments received,
and reported in the NOPR TSD.

e A market and technology assessment to characterize the relevant equipment markets and
existing technology options, including prototype designs.

e A screening analysis to review each technology option and determine if it is
technologically feasible; is practical to manufacture, install, and service; would adversely
affect equipment utility or equipment availability; or would have adverse impacts on
health and safety.

e An engineering analysis to develop cost-efficiency relationships that show the
manufacturer’s cost of achieving increased efficiency.

e An energy use analysis to determine the annual energy use in the field of the considered
equipment as a function of efficiency level.

e An LCC and payback period (PBP) analysis to calculate, at the consumer level, the
relationship between savings in operating costs compared to any increase in the installed
cost for equipment at higher efficiency levels.

e A shipments analysis to forecast equipment shipments, which then are used to calculate
the national impacts of standards and future manufacturer cash flows.

e A national impact analysis (NIA) to assess the impacts at the national level of potential
energy conservation standards for each of the considered equipment, as measured by the
net present value (NPV) of total consumer economic impacts and the national energy
savings (NES).

e A preliminary manufacturer impact analysis to assess the potential impacts of energy
conservation standards on manufacturers, such as impacts on capital conversion
expenditures, marketing costs, shipments, and research and development costs.

In this NOPR, DOE presents the results of the above analyses, incorporating revisions to
the analyses based on comments and new information received. DOE also presents results of the
following additional analyses in the NOPR:

e An LCC subgroup analysis to evaluate variations in consumer characteristics that might
cause a standard to affect particular consumer subpopulations, such as small restaurants,
differently than the overall population.



e A manufacturer impact analysis to estimate the financial impact of standards on
manufacturers and to calculate impacts on competition, employment, and manufacturing
capacity.

e A utility impact analysis to estimate the effects of potential standards on electric, gas, or
oil utilities.

e An employment impact analysis to assess the aggregate impacts on national employment.

e An environmental impact analysis to estimate the effects of amended standards on
emissions of carbon dioxide (CO,), sulfur dioxide (SO,), nitrogen oxides (NOx), and
mercury (HQ).

e A regulatory impact analysis to examine major alternatives to amended energy
conservation standards that potentially could achieve substantially the same regulatory
goal at a lower cost.

DOE developed this analytical framework and documented its findings in the Rulemaking
Framework for Walk-in Coolers and Walk-in Freezers (the framework document). 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 January 6, 2009. 74
FR 711. DOE presented the analytical approach to interested parties during a public meeting held
on February 4, 2009. The framework document is available at
http://www.regulations.gov/#!documentDetail; D=EERE-2008-BT-STD-0015-0008.

In response to the publication of the framework document and the framework public
meeting, DOE received numerous comments from interested parties regarding DOE’s analytical
approach. DOE published the preliminary analysis on April 5, 2010 (75 FR 17080), addressing
key comments received from interested parties. DOE subsequently held a public meeting on May
19, 2010, to present the preliminary analysis and to seek public comment. The preliminary TSD
is available at: http://www.regulations.gov/#!documentDetail;D=EERE-2008-BT-STD-0015-
0042.

In response to comments it receives after publishing the NOPR, DOE may revise some of
its analyses before publishing the Final Rule.

2.2 MARKET AND TECHNOLOGY ASSESSMENT

The market and technology assessment characterizes the relevant equipment markets and
existing technology options, including prototype designs, for the considered equipment.

2.2.1 Market Assessment
When initiating a standards rulemaking, DOE develops information on the present and

past industry structure and market characteristics for the equipment concerned. This activity
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assesses the industry and equipment, both quantitatively and qualitatively, based on publicly
available information. As such, for the considered equipment, DOE addressed the following: (1)
manufacturer market share and characteristics; (2) existing regulatory and non-regulatory
equipment efficiency improvement initiatives; and (3) trends in equipment characteristics and
retail markets. This information serves as resource material throughout the rulemaking.

DOE reviewed existing literature and interviewed manufacturers to get an overall picture
of the markets for the considered equipment in the United States. Industry publications,
government agencies, and trade organizations provided the bulk of the information, including
information on: (1) manufacturers and their market share; (2) shipments by capacity; and (3)
market saturation. The appropriate sections of this TSD describe the resulting information as
DOE used it in the analysis. DOE has used the most reliable and accurate data available at the
time of each analysis in this rulemaking. All data are available for public review.

2.2.2 Technology Assessment

DOE typically uses information relating to existing and past technology options and
prototype designs as inputs to determine what technologies manufacturers use to attain higher
performance levels. In consultation with stakeholders, DOE develops a list of technologies for
consideration. Initially, these technologies encompass all those it believes are technologically
feasible.

DOE developed its list of technologically feasible design options for the considered
equipment through consultation with manufacturers of components and systems, and from trade
publications and technical papers. Since many options for improving equipment efficiency are
available in existing units, equipment literature and direct examination provided additional
information.

2.3  SCREENING ANALYSIS

The screening analysis examines various technologies as to whether they: (1) are
technologically feasible; (2) are practicable to manufacture, install, and service; (3) have an
adverse impact on equipment utility or availability; and (4) have adverse impacts on health and
safety. As described in section 2.3.2 above, DOE develops an initial list of efficiency-
enhancement options from the technologies identified as technologically feasible in the
technology assessment. Then DOE, in consultation with interested parties, reviews the list to
determine if these options are practicable to manufacture, install, and service, would adversely
affect equipment utility or availability, or would have adverse impacts on health and safety. In
addition, DOE removed from the list technology options that lack energy consumption data as
well as technology options whose energy consumption could not be adequately measured by
existing DOE test procedures. In the engineering analysis, DOE further considers efficiency
enhancement options that it did not screen out in the screening analysis.



2.4 ENGINEERING ANALYSIS

The engineering analysis (chapter 5 of the TSD) establishes the relationship between the
manufacturing production cost and the efficiency for each class of walk-in cooler and walk-in
freezer equipment. This relationship serves as the basis for cost/benefit calculations in terms of
individual consumers, manufacturers, and the nation. Chapter 5 discusses the equipment classes
DOE analyzed, the representative baseline units, the incremental efficiency levels, the
methodology DOE used to develop the manufacturing production costs, the cost-efficiency
curves, and the impact of efficiency improvements on the considered equipment.

In the engineering analysis, DOE evaluates a range of equipment efficiency levels and
their associated manufacturing costs. The purpose of the analysis is to estimate the incremental
MPCs for a unit that would result from increasing efficiency levels above the level of the
baseline model in each equipment class. The engineering analysis considers technologies not
eliminated in the screening analysis, although certain technologies were not analyzed due to
negligible incremental efficiency improvements or the inability of the existing DOE test
procedures to measure any reduction in energy use. DOE considers the remaining technologies,
designated as design options, in developing the cost-efficiency curves, which are subsequently
used for the LCC and PBP analyses.

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 the particular 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 considered using the design-option approach for walk-
in cooler and walk-in freezer equipment, combined with the cost-assessment approach to develop
a cost for each efficiency level. This approach involved physically disassembling commercially
available equipment, consulting with outside experts, reviewing publicly available cost and
performance information, and modeling equipment cost. DOE continues to use this approach in
the NOPR. Chapter 5 of this TSD describes the methodology and results of the design option
approach and cost-assessment analysis used to derive the cost-efficiency relationships.

25 MARKUPS ANALYSIS

DOE used markups to convert the manufacturer costs estimated in the engineering
analysis to consumer prices, which then were used in the LCC and PBP and manufacturer impact
analyses. DOE calculates markups for baseline equipment (baseline markups) and for more
efficient equipment (incremental markups). The incremental markup relates the change in the
manufacturer sales price of higher-efficiency models (the incremental cost increase) to the
change in the retailer or distributor sales price.



To develop markups, DOE identifies how the equipment is distributed from the
manufacturer to the customer. After establishing appropriate distribution channels, DOE relied
on economic data from the U.S. Census Bureau and other sources to define how prices are
marked up as the equipment passes from the manufacturer to the customer. See chapter 6 of this
TSD for details on the development of markups.

26 ENERGY USE ANALYSIS

The energy use analysis, which assesses the energy savings potential from higher
efficiency levels, provides the basis for the energy savings values used in the LCC and
subsequent analyses. The goal of the energy use analysis is to generate a range of energy use
values that reflects actual equipment use in commercial applications. The analysis uses
information on use of actual equipment in the field to estimate the energy that would be used by
new equipment at various efficiency levels.

Measurements of field energy use often vary considerably from the rated usage as
determined by the DOE test procedure. To determine the field energy use by equipment that
would meet possible energy efficiency standards, the analysis produces a distribution of results
for a variety of building types and uses covering a range of climate locations in order to represent
the diversity of use, and performance, of walk-in coolers and walk-in freezers.

2.7 LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS

New or amended energy conservation standards affect equipment’ operating expenses—
usually decreasing them—and consumer prices for the equipment—usually increasing them.
DOE analyzes the effect of new or amended standards on consumers by evaluating changes in
the LCC of owning and operating the equipment. To evaluate the change in LCC, DOE used the
cost-efficiency relationship derived in the engineering analysis, along with the energy costs
derived from the energy use characterization. Inputs to the LCC calculation include the installed
cost of equipment to the consumer (consumer purchase price plus installation cost), operating
expenses (energy expenses and maintenance costs), the lifetime of the unit, and a discount rate.

Because the installed cost of equipment typically increases while operating cost typically
decreases in response to new standards, there is a time in the life of equipment having higher-
than-baseline efficiency when the net operating-cost benefit (in dollars) since the time of
purchase is equal to the incremental first cost of purchasing the higher-efficiency equipment. The
length of time required for equipment to reach this cost-equivalence point is known as the
payback period (PBP).

Recognizing that several inputs to the determination of consumer LCC and PBP are
either variable or uncertain, DOE conducted the LCC and PBP analysis by modeling both the
uncertainty and variability in the inputs using Monte Carlo simulation and probability
distributions. DOE developed LCC and PBP spreadsheet models incorporating both Monte Carlo



simulation and probability distributions by using Microsoft Excel spreadsheets combined with
Crystal Ball (a commercially available add-in program).

As described above in section 2.6, DOE developed samples of individual commercial
enterprises that use walk-in cooler and walk-in freezer equipment. By developing such samples,
DOE was able to perform the LCC and PBP calculations for the businesses to account for the
variability in energy consumption and electricity price associated with actual users of the
considered equipment. DOE identified several other input values for estimating the LCC,
including electricity prices, discount rates, equipment location, equipment lifetime and also
equipment oversizing (applicable for the refrigeration systems only). DOE characterized all the
input variables with appropriate probability distributions.

DOE developed discount rates specifically for commercial customers. Because walk-ins
are used in commercial applications, DOE developed commercial discount rates for those
commercial subsectors that purchase walk-ins. DOE developed discount rates from estimates of
the interest rate, or finance cost, applied to purchases of commercial equipment. Following
accepted principles of financial theory, the finance cost of raising funds to purchase such
equipment can be interpreted as: (1) the financial cost of any debt incurred to purchase
equipment, principally interest charges on debt; or (2) the opportunity cost of any equity used to
purchase equipment.

DOE considered installation, maintenance and repair costs for the efficiency levels
considered in this rulemaking. Typically, small incremental changes in energy efficiency
produce no, or only minor, changes in repair and maintenance costs over baseline efficiency
equipment. Units having efficiencies that are significantly greater than baseline models can incur
increased repair and maintenance costs, as they are more likely to incorporate technologies that
are new to the industry.

2.8  SHIPMENTS ANALYSIS

Forecasts of equipment shipments are needed to calculate the national impacts of
standards on energy use, NPV, and future manufacturer cash flows. DOE developed shipment
forecasts based on an analysis of key market drivers for the considered equipment. In DOE’s
shipments model, shipments of equipment are driven by new construction, stock replacements,
and other types of purchases.

The shipments models take an accounting approach, tracking market shares of each
equipment class and the vintage of units in the existing stock. Stock accounting uses equipment
shipments as inputs to estimate the age distribution of in-service equipment stocks for all years.
The age distribution of in-service equipment stocks is a key input to calculations of both the NES
and NPV, because operating costs for any year depend on the age distribution of the stock.

DOE also considers the impacts on shipments from changes in equipment purchase price

and operating cost associated with higher energy efficiency levels. Chapter 9 of this TSD
provides additional details on the shipments analysis.
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29 NATIONAL IMPACT ANALYSIS

The national impact analysis assesses the aggregate impacts at the national level of
potential energy conservation standards for each of the considered equipment, as measured by
the NPV of total consumer economic impacts and the NES. DOE determined the NPV and NES
for the efficiency levels considered for each of the equipment classes analyzed. To make the
analysis more accessible and transparent to all interested parties, DOE prepared a Microsoft
Excel spreadsheet model to forecast NES and the national consumer economic costs and savings
resulting from new standards. The spreadsheet model uses typical values as inputs (as opposed to
probability distributions). To assess the effect of input uncertainty on NES and NPV results,
DOE may conduct sensitivity analyses by running scenarios on specific input variables. Chapter
10 of this TSD provides additional details regarding the national impact analysis.

Several of the inputs for determining NES and NPV depend on the forecast trends in
equipment energy efficiency. For the base case (which presumes no revised standards), DOE
uses the efficiency distributions developed for the LCC analysis, and assumes some rate of
change over the forecast period. In this analysis, DOE has used a roll-up scenario in developing
its forecasts of efficiency trends after standards take effect. Under a roll-up scenario, all
equipment that perform at levels below a prospective standard are moved, or rolled-up, to the
minimum performance level allowed under the standard. Equipment efficiencies above the
standard level under consideration would remain the same as before the revised standard takes
effect.

2.9.1 National Energy Savings

The inputs for determining the NES for the equipment analyzed are: (1) annual energy
consumption per unit; (2) shipments; (3) equipment stock; (4) national energy consumption; and
(5) site-to-source conversion factors. DOE calculated the national energy consumption by
multiplying the number of units, or stock, of the equipment (by vintage, or age) by the unit
energy consumption (also by vintage). DOE calculated annual NES based on the difference in
national energy consumption for the base case (without new efficiency standards) and for each
higher efficiency standard. DOE estimated energy consumption and savings based on site
energy, and converted the electricity consumption and savings to source primary) energy.
Cumulative energy savings are the sum of the NES for each year.

2.9.2 Net Present Value of Consumer Benefit

The inputs for determining NPV of the total costs and benefits experienced by consumers
of the considered equipment are: (1) total annual installed cost; (2) total annual savings in
operating costs; (3) a discount factor; (4) present value of costs; and (5) present value of savings.
DOE calculated net savings each year as the difference between the base case and each standards
case in total savings in operating costs and total increases in installed costs. DOE calculated



savings over the life of the equipment. NPV is the difference between the present value of
operating cost savings and the present value of total installed costs. DOE used a discount factor
based on real discount rates of 3% and 7% to discount future costs and savings to present values.

DOE calculated increases in total installed costs as the product of the difference in total
installed cost between the base case and standards case (i.e., once the standards take effect).
Because the more efficient equipment bought in the standards case usually costs more than
equipment bought in the base case, cost increases appear as negative values in the NPV.

DOE expressed savings in operating costs as decreases associated with the lower energy
consumption of equipment bought in the standards case compared to the base efficiency case.
Total savings in operating costs are the product of savings per unit and the number of units of
each vintage that survive in a given year.

2.10 CONSUMER SUB-GROUP ANALYSIS

The consumer subgroup analysis evaluates economic impacts on selected groups of
consumers who might be adversely affected by a change in the national energy conservation
standards for the considered equipment. DOE evaluates impacts on particular subgroups of
consumers primarily by analyzing the LCC impacts and PBP for those particular consumers
using the LCC spreadsheet model. For this rulemaking, DOE analyzed the subgroup of small
restaurant owners.

2.11 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 these 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 11, an industry cash flow model and an interview questionnaire were
prepared to guide subsequent discussions. In Phase I11, 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.
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212 EMPLOYMENT IMPACT ANALYSIS

New or amended energy conservation standards can impact employment both directly
and indirectly. Direct employment impacts are changes in the number of employees at the plants
that produce the covered equipment, and at the affiliated distribution and service companies,
resulting from the adoption of new standards. DOE evaluated direct employment impacts in the
MIA. Indirect 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 adoption of standards.

DOE investigated the combined direct and indirect employment impacts of standards
using the Pacific Northwest National Laboratory (PNNL)’s “Impact of Sector Energy
Technologies” (IMSET) model. The IMSET model, which was developed for DOE’s Office of
Planning, Budget, and Analysis, estimates the employment and income effects energy-saving
technologies produced in buildings, industry, and transportation. In comparison with simple
economic multiplier approaches, IMSET allows for more complete and automated analysis of the
economic impacts of energy conservation investments.

2.13 UTILITY IMPACT ANALYSIS

The utility impact analysis estimates the effects of new or amended energy conservation
standards on installed electricity generation capacity and electricity generation. For this analysis,
DOE adapted NEMS, which is a large multi-sectoral, partial-equilibrium model of the U.S.
energy sector that the EIA has developed throughout the past decade, primarily for preparing
EIA’s AEO. In previous rulemakings, a variant of NEMS (currently termed NEMS-BT, BT
referring to DOE’s Building Technologies Program), was developed to better address the
specific impacts of an energy conservation standard. NEMS, which is available in the public
domain, produces a widely recognized baseline energy forecast for the United States. The typical
NEMS outputs include forecasts of electricity and natural gas sales, prices, and electric
generating capacity.

DOE conducts the utility impact analysis as a scenario that departs from the latest Annual
Energy Outlook reference case. In other words, the energy savings impacts from amended energy
conservation standards are modeled using NEMS-BT to generate forecasts that deviate from the
AEO reference case.

2.14 ENVIRONMENTAL ASSESSMENT

To comply with the National Environmental Policy Act and the requirements of 42
U.S.C. 6295(0)(2)(B)(i)(VI) and 6316(a), DOE intends to prepare an environmental assessment
of the impacts of amended energy conservation standards for walk-in coolers and walk-in
freezers on the human environment. The primary environmental effects of these standards would
be reduced power plant emissions resulting from reduced consumption of electricity. DOE will
assess these environmental effects by using NEMS-BT to provide key inputs to its analysis. The
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portion of the environmental assessment that will be produced by NEMS-BT considers carbon
dioxide (co2), nitrogen oxides (NOy), and mercury (Hg). The environmental assessment also
considers impacts on so, emissions and discusses particulate matter (PM) emissions. The
following sections address each of the relevant emissions.

2.14.1 Carbon Dioxide

In the absence of any Federal emissions control regulation of power plant emissions of
CO,, a DOE standard is likely to result in reductions of these emissions. The CO, emission
reductions likely to result from a standard will be estimated using NEMS-BT and national energy
savings estimates drawn from the NIA spreadsheet model. The net benefit of the standard is the
difference between emissions estimated by NEMS-BT at each standard level considered and the
AEOQ Reference Case. NEMS-BT tracks CO, emissions using a detailed module that provides
results with broad coverage of all sectors and inclusion of interactive effects.

2.14.2 Sulfur Dioxide

SO, emissions from affected Electric Generating Units (EGUSs) are subject to nationwide
and regional emissions cap and trading programs, and DOE has preliminarily determined that
these programs create uncertainty about the standards’ impact on SO, emissions. Title IV of the
Clean Air Act sets an annual emissions cap on SO, for affected EGUs in all 50 states and the
District of Columbia (D.C.). SO, emissions from 28 eastern states and D.C. are also limited
under the Clean Air Interstate Rule (CAIR, 70 Fed. Reg. 25162 (May 12, 2005)), which created
an allowance-based trading program that would have gradually replaced the Title IV program in
those states and D.C. Although CAIR has been remanded to EPA by the U.S. Court of Appeals
for the District of Columbia Circuit (D.C. Circuit), see North Carolina v. EPA, 550 F.3d 1176
(D.C. Cir. 2008), it will remain in effect until it is replaced by a rule consistent with the D.C.
Circuit’s earlier opinion in North Carolina v. EPA, 531 F.3d 896 (D.C. Cir. 2008). On July 6,
2010, EPA proposed the Transport Rule, a replacement for CAIR, which would limit emissions
from EGUs in 32 states, potentially through the interstate trading of allowances, among other
options. 75 FR 45210 (Aug. 2, 2010).

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 SO, emissions allowances resulting from the lower electricity demand caused by the
imposition of an efficiency standard could be used to permit offsetting increases in SO,
emissions by any regulated EGU. However, if the standard resulted in a permanent increase in
the quantity of unused emissions allowances, there would be an overall reduction in SO,
emissions from the standards.

2.14.3 Nitrogen Oxides

NEMS-BT also has an algorithm for estimating NO, emissions from power generation.
As with SO, emissions, these emissions will be affected by CAIR and its replacement. The
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recent legal history surrounding CAIR, including its proposed replacement by the Transport
Rule, is discussed above.

Much like SO, emissions, a cap on NO emissions would mean that energy conservation
standards may have little or no physical effect on these emissions in the 28 eastern states and the
D.C. covered by CAIR or any states covered by the proposed Transport Rule. Because all states
covered by CAIR opted to reduce NOy emissions through participation in cap-and-trade
programs for electric generating units, emissions from these sources are currently capped across
the CAIR region.

DOE used NEMS-BT to estimate the emissions reductions from possible standards in the
states where emissions are not capped.

2.14.4 Mercury

Similar to emissions of SO, and NOy, future emissions of Hg would have been subject to
emissions caps. In May 2005, EPA issued the Clean Air Mercury Rule (CAMR). 70 Fed. Reg.
28606 (May 18, 2005). CAMR would have permanently capped emissions of mercury for new
and existing coal-fired power plants in all states by 2010. However, on February 8, 2008, the
D.C. Circuit issued a decision in New Jersey v. Environmental Protection Agency, in which it
vacated CAMR. 517 F.3d 574 (D.C. Cir. 2008). EPA has decided to develop emissions standards
for power plants under the Clean Air Act (Section 112), consistent with the D.C. Circuit’s
opinion on CAMR. See http://www.epa.gov/air/mercuryrule/pdfs/certpetition_withdrawal.pdf.
Pending EPA's forthcoming revisions to the rule, DOE is excluding CAMR from its
Environmental Analysis. In the absence of CAMR, a DOE standard would likely reduce Hg
emissions and DOE plans to use NEMS-BT to estimate these emission reductions. However,
DOE continues to review the impact of rules that reduce energy consumption on Hg emissions,
and may revise its assessment of Hg emission reductions in future rulemakings.

2.14.5 Particulate Matter

DOE acknowledges that particulate matter (PM) exposure can impact human health.
Power plant emissions can have either direct or indirect impacts on PM. A portion of the
pollutants emitted by a power plant are in the form of particulates as they leave the smoke stack.
These are direct, or primary, PM emissions. However, the great majority of PM emissions
associated with power plants are in the form of secondary sulfates, which are produced at a
significant distance from power plants by complex atmospheric chemical reactions that often
involve the gaseous (non-particulate) emissions of power plants, mainly SO, and NOy. The
guantity of the secondary sulfates produced is determined by a very complex set of factors
including the atmospheric quantities of SO, and NOy, and other atmospheric constituents and
conditions. Because these highly complex chemical reactions produce PM comprised of different
constituents from different sources, EPA does not distinguish direct PM emissions from power
plants from the secondary sulfate particulates in its ambient air quality requirements, PM
monitoring of ambient air quality, or PM emissions inventories. For these reasons, it is not
currently possible to determine how the amended standard impacts either direct or indirect PM
emissions. Therefore, DOE is not planning to assess the impact of these standards on PM
emissions. Further, as described previously, it is uncertain whether efficiency standards will
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result in a net decrease in power plant emissions of SO, and NOy, since those pollutants are now
largely regulated by cap and trade systems.

2.15 MONETIZING CARBON DIOXIDE AND OTHER EMISSIONS REDUCTIONS

In this section, DOE explains how it plans to monetize the benefits associated with
emissions reductions. For those emissions for which real national emission reductions are
anticipated (CO,, Hg, and NOy for 22 states), only ranges of estimated economic values based
on environmental damage studies of varying quality and applicability are available. Therefore,
DOE reports estimates of monetary benefits derived using these values and consider these
benefits in weighing the costs and benefits of each of the standard levels considered.

In order to estimate the monetary value of benefits resulting from reduced emissions of
coz emissions, it is DOE’s intent to use in its analysis the most current Social Cost of Carbon
(SCC) values developed and/or agreed to by interagency reviews. 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.

At the time of this analysis, the most recent interagency estimates of the potential global
benefits resulting from reduced CO, emissions in 2012 were $12.9, $40.8, $62.2, and $117 per
metric ton in 2012 dollars. For emissions (or emission reductions) that occur in later years, these
values grow in real terms over time. Additionally, the interagency group determined 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 will give preference to consideration of the global benefits of
reducing CO, emissions. See appendix 16A of this TSD for the full range of annual SCC
estimates from 2010 to 2070. To calculate a present value of the stream of monetary values,
DOE will discount 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 intends to estimate the potential monetary benefit of reduced NOy emissions
resulting from the standard levels it considers. For NOx emissions, available estimates suggest a
very wide range of monetary values for NOy emissions, ranging from $370 per ton to $3,800 per
ton of NOy from stationary sources, measured in 2001$ (equivalent to a range of $468 to $4,809
per ton in 20128$). Refer to the OMB, 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,” for additional information. In accordance with U.S. Office of
Management and Budget (OMB) guidance, DOE will conduct two calculations of the monetary
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benefits derived using each of the economic values used for NOy, one using a real discount rate
of 3 percent and another using a real discount rate of 7 percent.

DOE does not plan to monetize estimates of Hg in this rulemaking. DOE is aware of
multiple agency efforts to determine the appropriate range of values used in evaluating the
potential economic benefits of reduced Hg emissions. DOE has decided to await further guidance
regarding consistent valuation and reporting of Hg emissions before it once again monetizes Hg
in its rulemakings.

2.16 REGULATORY IMPACT ANALYSIS

DOE prepared a regulatory impact analysis (RIA) under Executive Order 12866,
“Regulatory Planning and Review,” 58 FR 51735, October 4, 1993, which was subject to review
under the Executive Order by the Office of Information and Regulatory Affairs (OIRA) at the
Office of Management and Budget. The RIA evaluated non-regulatory alternatives to standards,
in terms of their ability to achieve significant energy savings in the considered equipment at a
reasonable cost, and compared the effectiveness of each one to the effectiveness of the adopted
standards.

DOE recognizes that voluntary or other non-regulatory efforts by manufacturers, utilities,
and other interested parties can result in substantial improvements to energy efficiency or
reductions in energy consumption. DOE considered the likely effects of non-regulatory
initiatives on equipment energy use, consumer utility, and LCC. DOE based its assessment on
the actual impacts of any such initiatives to date, but also considered information presented
regarding the impacts that any existing initiative might have in the future.
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CHAPTER 3. MARKET AND TECHNOLOGY ASSESSMENT

3.1 INTRODUCTION

This document details the market and technology assessment that the U.S. Department of
Energy (DOE) has conducted in support of its energy conservation standards rulemaking for
walk-in coolers and walk-in freezers (WICF or walk-ins).

This chapter consists of two major sections: the market assessment and the technology
assessment. The goal of the market assessment is to develop a qualitative and quantitative
characterization of the WICF market. This assessment characterizes the market structure based
on publicly available information as well as data supplied by manufacturers and other interested
parties. Issues include manufacturer characteristics and market shares, existing regulatory and
non-regulatory efficiency improvement programs, equipment classes, and trends in market and
equipment characteristics. The goal of the technology assessment is to develop a preliminary list
of technology options or measures that manufacturers can use to improve the efficiency of walk-
in coolers and walk-in freezers.

3.1.1 Walk-in Cooler and Walk-in Freezer Definitions

The Energy Policy and Conservation Act (EPCA) defines “walk-in cooler” and “walk-in
freezer” as an enclosed storage space refrigerated to temperatures, respectively, above, and at or
below 32 °F that can be walked into, and has a total chilled storage area of less than 3,000 ft2.
The definition excludes products designed and marketed exclusively for medical, scientific, or
research purposes. (42 U.S.C. 6311(20))

EPCA defines walk-in equipment, in part, as meaning a space that is “refrigerated,” and
as having a “chilled storage area.” (42 U.S.C. 6311(20)) In the WICF test procedure final rule,
DOE established a definition of the term “refrigerated” within the statutory definition to refer to
equipment at or below 55 °F. 75 FR 21580, 33631.

Walk-ins that meet the definition may be located indoors or outdoors. They may be used
exclusively for storage, but they may also have transparent doors or panels for the purpose of
displaying stored items. Examples of items that may be stored in walk-ins include, but are not
limited to, food, beverages, and flowers.

In this notice of proposed rulemaking (NOPR), DOE is proposing to set standards for a
walk-in cooler or freezer’s constituent components: the panels, doors (both display doors and
non-display doors—that is, doors that are not display doors), and refrigeration system. In the test
procedure, DOE defined panel, door, display door, and refrigeration system as follows:

Panel means a construction component that is not a door and is used to construct
the envelope of the walk-in, i.e., elements that separate the interior refrigerated
environment of the walk-in from the exterior.

Door means an assembly installed in an opening on an interior or exterior wall
that is used to allow access or close off the opening and that is movable in a
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sliding, pivoting, hinged, or revolving manner of movement. For walk-in coolers
and walk-in freezers, a door includes the door panel, glass, framing materials,
door plug, mullion, and any other elements that form the door or part of its
connection to the wall.

Display door means a door designed for product movement, display, or both,
rather than the passage of persons.

Refrigeration system means the mechanism (including all controls and other
components integral to the system’s operation) used to create the refrigerated
environment in the interior of a walk-in cooler or freezer, consisting of:
(1) A packaged dedicated system where the unit cooler and condensing unit
are integrated into a single piece of equipment; or
(2) A split dedicated system with separate unit cooler and condensing unit
sections; or
(3) A unit cooler that is connected to a multiplex condensing system.

76 FR 33631 (June 9, 2011).

In this NOPR, DOE proposes to amend the definition of display door and to add
definitions of passage door and freight door. The proposed amendment would define a display
door as a door that is composed of 50 percent or more glass or other transparent material. This
amendment is intended to classify all doors that are mostly composed of glass as display doors—
in particular, doors that are also used for the passage of people—because the utility and
construction of such doors more closely resemble that of a display door.

DOE’s proposed definition of passage door is intended to differentiate passage doors
from freight doors and display doors. DOE’s proposal defines passage door as a door that is less
than 3 feet 9 inches wide and 7 feet tall and that is not a display door. Such doors are intended
primarily for the passage of people. The size restriction is meant to be consistent with EPCA’s
requirement to have automatic door closers on all doors that are not wider than 3 feet 9 inches or
taller than 7 feet. Likewise, DOE proposes to define freight door as a door that is not a passage
door or a display door and that is equal to or larger than 3 feet 9 inches wide or 7 feet tall. Such
doors are usually intended for large machines, such as forklifts, to pass through carrying freight.

DOE’s definitions of display door, passage door, and freight door are meant to be
categorically exhaustive and mutually exclusive. That is, they should cover all doors used in the
walk-in market, but there should be no ambiguity over whether a given door is a display door, a
passage door, or a freight door. The three types of doors represent different types of equipment
or equipment classes for which DOE is proposing different energy conservation standards.
Therefore, it is important that all doors are covered by the standards and that it is clear which
standards apply to a given door.
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3.1.2 Proposed Equipment Classes

In general, DOE identifies a class of covered equipment by the type of energy used,
capacity, and performance-related features that affect consumer utility or efficiency. Different
energy conservation standards may apply to different equipment classes. For this NOPR, DOE is
proposing different equipment classes for panels, doors, and refrigeration systems.

3.1.2.1 Panel and Door Equipment Classes

In the preliminary analysis, DOE proposed to created separate equipment classes for
display (D) and non-display (ND) walk-ins (that is, walk-ins with and without glass). However,
for this NOPR, DOE has proposed to set individual standards for the main components that make
up a walk-in envelope. In the walk-in test procedure final rule, DOE identified these components
as panels, display doors, and non-display doors. 76 FR 21580, 21582 (April 15, 2011).

DOE analyzed two equipment classes for panels: non-floor panels (also known as
structural panels) and freezer floor panels. Non-floor panels and freezer floor panels serve two
different utilities, and therefore warrant separate standards. Freezer floor panels may have to
support the load of small machines like hand carts and pallet jacks on their horizontal face, and
often require more structural support to bear the load. Also, a freezer floor panel is rated with its
external face exposed to a lower temperature, 55 °F, in contrast with a non-floor panel, which is
rated at an external temperature of 75 °F. Non-floor panels, which include ceiling and wall
panels, are generally oriented vertically and require fewer structural members than floor panels.

In this NOPR, DOE proposes to define display doors as distinct from non-display doors.
Non-display doors and display doors are considered to be different products because these two
types of doors serve separate utilities. Display doors are typically used to display products or
objects located inside the walk-in, and therefore are composed mainly of glass or other
transparent material. Non-display doors—that is, doors that are not display doors—function as
passage and freight doors and are mainly used to allow people and products to be moved into and
out of the walk-in. Since non-display doors do not need to be transparent, these doors are
typically composed of highly insulative materials. Insulation used in doors must be at least R-25
for coolers and R-32 for freezers as required by EPCA. (42 U.S.C. 6313(f)(1)(C))

Non-display doors are further separated into passage and freight door classes, defined
above. Different classes are warranted for these types of equipment because differences in their
size and design could affect their energy consumption. In particular, freight doors are larger and
may require more structural members for support.

DOE also proposes separate classes for coolers (C) and freezers (F) for structural panels,
floor panels, display doors, passage doors, and freight doors. Coolers and freezers have different
insulation requirements under EPCA. Like display and non-display products, cooler and freezer
components have distinct design requirements; for example, freezer doors must have heater wire
to prevent the door from freezing closed. Coolers and freezers also have different rating
conditions under DOE’s test procedure. 76 FR at 33632.

Outdoor panels and doors were not considered as a separate product class because there
are limited design options that would reduce energy consumption for outdoor components and
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not indoor components, and vice versa, so there would be little if any added benefit to proposing
separate classes for indoor and outdoor panels and doors. Manufacturers typically sell indoor
units as outdoor units by including roofing or other weatherization systems to prevent rain from
entering panel-to-panel interfaces. In addition, the WICF test procedure does not have different
rating conditions for indoor and outdoor walk-in envelope components.

DOE proposes the following equipment classes, shown in Table 3.1.1, Table 3.1.2, and
Table 3.1.3 for panels, display doors, and non-display doors, respectively. A lettering system
simplifies discussion of equipment classes. The lettering designation, or “class code,” for a
particular equipment class consists of the lettering abbreviations for the equipment type and
operating temperature, separated by periods. For each class, DOE analyzed multiple analysis
points corresponding to representative units of different sizes. These analysis points are
described in chapter 5 of the technical support document (TSD).

Table 3.1.1 Equipment Classes for Panels

Type Temperature Class Code
Medium SP.M
Structural Panel Low SPL
Floor Panel Low FP.L

Table 3.1.2 Equipment Classes for Display Doors

Type Temperature Class Code
. Medium DD.M
Display Door Low DD.L

Table 3.1.3 Equipment Classes for Non-display Doors

Type Temperature Class Code
Passage Door Medium PD.M
g Low PD.L
. Medium FD.M
Freight Door Low FDL

3.1.2.2 Refrigeration System Equipment Classes

Refrigeration systems of walk-in coolers and walk-in freezers can be divided into various
equipment classes categorized by key physical characteristics that affect the efficiency of the
equipment: the operating temperature, the location of the walk-in (i.e., indoors or outdoors) and
the type of condensing unit (i.e., whether the system has a dedicated condensing unit or is
connected to a multiplex system).

The condensing unit type has a significant impact on utility and energy use. DOE
proposes to create two classes of equipment associated with the condensing unit type: dedicated
condensing (DC) systems and multiplex condensing (MC) systems. In a dedicated condensing
system, there is only one condensing unit (consisting of one or more compressors and
condensers) that serves a single walk-in. In a multiplex condensing system, the unit cooler inside
the walk-in envelope is connected via a refrigerant line to a system consisting of several
condensers and compressors in parallel; the set of condensers and compressors serves both the
walk-in and the other equipment, which may include other walk-ins or other types of
refrigeration equipment such as reach-ins. Walk-in units that are connected to a large



supermarket compressor rack fall into this category. Multiplex condensing equipment is typically
more efficient than dedicated condensing equipment because it uses compressors of varying
capacities and cycles them on and off as needed to avoid excess capacity in operation.
Compressor racks and condensers of multiplex systems are outside the scope of this rulemaking.
In the test procedure, a nominal efficiency is assumed for the multiplex condensing system when
rating the unit cooler.

For dedicated condensing refrigeration systems only, the location of the condensing unit,
indoors or outdoors, affects the characteristics with regard to energy consumption. Indoor units
tend to operate at a consistent ambient temperature, while outdoor units typically experience
varying temperatures throughout the year. The test procedure accounts for this variation by
requiring outdoor condensing units to be tested at three ambient temperatures: 95 °F, 59 °F, and
35 °F. This gives credit for certain energy-saving technologies that may allow the compressor to
use less energy at lower ambient temperatures. Therefore, DOE proposes to create separate
classes for refrigeration equipment with indoor (1) and outdoor (O) condensing units.

The operating temperature for walk-ins determines whether the equipment is a cooler
(medium or high operating temperature) or a freezer (low operating temperature). Because
different types of merchandise require different temperatures (e.g., chilled or frozen), operating
temperature is a necessary class distinction. Furthermore, EPCA specifically divides walk-in
equipment into coolers (above 32 °F) and freezers (at or below 32 °F). (42 U.S.C. 6311(20)(A))
The larger temperature differences and thermodynamic behavior of refrigerants means that
equipment with lower operating temperatures generally runs less efficiently than equipment with
higher operating temperatures. Thus, DOE proposes to create separate classes for refrigeration
equipment that is medium-temperature (M), operating above 32 °F; and low-temperature (L),
operating at or below 32 °F.

Finally, for dedicated refrigeration systems only, DOE is dividing equipment into classes
based on capacity or size. In the preliminary analysis, DOE did not consider different equipment
classes based on refrigeration equipment size, but in the NOPR analysis, DOE analyzed a
broader range of equipment and observed that small-sized equipment may have difficulty
meeting an efficiency standard that is based on an analysis of large equipment. This is primarily
due to a lack of availability of more efficient compressors and compressor types (e.g., scroll
compressors) at lower capacities. Therefore, DOE proposes different classes for high- and low-
capacity equipment. These capacity points were chosen primarily based on compressor
performance data. DOE observed that compressor efficiency tends to decrease at capacities
lower than approximately 9,000 Btu/h (see section 3.2.6 for compressor performance data). The
compressor is the primary driver of refrigeration system energy use, but WICF refrigeration
system manufacturers generally do not have control over the characteristics of compressors
available on the market and do not have sufficient purchasing power to significantly affect the
compressors offered by suppliers. Therefore, DOE proposes to consider different classes for
equipment with a rated gross capacity lower than 9,000 Btu/h and equipment with a rated gross
capacity greater than or equal to 9,000 Btu/h.

Using appropriate combinations of condensing unit types, location, and temperature,
DOE proposes a total of 10 equipment classes for walk-in cooler and walk-in freezer
refrigeration systems, shown in Table 3.1.4. A lettering system simplifies discussion of
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equipment classes. The lettering designation for a particular equipment class consists of the
lettering abbreviations for the condenser type, equipment operating temperature, and condenser
location (where applicable), separated by periods. For each class, DOE analyzed multiple
analysis points corresponding to representative units of different sizes. These analysis points are
described in chapter 5 of the TSD.

Table 3.1.4 Equipment Classes for Refrigeration Equipment

Condensing Type Operating Condenser | Refrigeration Class Code
Temperature Location Capacity
Btu/h
Indoor < 9,000 DC.M.1, < 9,000
Medium > 9,000 DC.M.1, >9,000
Outdoor < 9,000 DC.M.O, < 9,000
Dedicated > 9,000 DC.M.0, >9,000
Indoor < 9,000 DC.L.I, < 9,000
Low > 9,000 DC.L.O, >9,000
Outdoor < 9,000 DC.L.O, < 9,000
> 9,000 DC.L.O, >9,000
Multiplex - Medium - MC.M
- Low - MC.L

3.2 MARKET ASSESSMENT

This section addresses the scope of the rulemaking, identifies potential equipment
classes, and estimates national shipments of walk-in cooler and walk-in freezer equipment and
the market shares of WICF equipment manufacturers. This section also addresses typical
equipment lifetimes and market performance data, and discusses regulatory and non-regulatory
programs that apply to walk-in coolers and walk-in freezers.

3.2.1 Manufacturers and Market Segments

DOE identified 52 manufacturers of walk-in panels (listed in Table 3.2.1), of which 42
are considered to be small businesses. DOE identified 59 door manufacturers for walk-ins.
However, 52 of the 59 door manufacturers produce panels as their primary business and are
considered in the category of panel manufacturers. Of the remaining seven door manufacturers,
DOE identified three manufacturers of walk-in non-display doors (listed in Table 3.2.2), all three
of which are considered small businesses; and four manufacturers of display doors (listed in
Table 3.2.3), two of which are considered small businesses. DOE identified nine walk-in
refrigeration system manufacturers (listed in Table 3.2.4) and considers two of them to be small
businesses.



Table 3.2.1 Manufacturers of Panels

*Advance Energy Technologies,
Inc.

*Custom Cooler, Inc.

*North Star Refrigerator Co., Inc.

*Advanced Refrigeration
Technology

*Dade Engineering Corporation
DBA Daeco

*Penn Refrigeration Service Co.

*Aircooler Corporation

*Duracold Refrigeration
Manufacturing Company

*Polar King International, Inc.

*Airdyne Refrigeration (ARI
Industries)

Harford Duracool, LLC
(Manitowoc)

*Refrigeration Gaskets of Texas,
Inc.

*American Cooler Technologies

Hill Phoenix

*Refrigerator Manufacturers, Inc.

*American Insulated Panel Co.

*Howard-McCray

*Rudy's Commercial Refrigeration

*American Panel Corporation

Hussmann Corporation (Ingersoll-
Rand)

*Snowman Cooler LLC

*American Walk-In Coolers

*Imperial Walk-in Coolers

*Southeast Cooler Corporation

*Amerikooler, Inc.

*International Cold Storage (Rainey
Road LLC)

*SRC Refrigeration

*Arctic Industries, Inc.

Kolpak (Manitowoc)

*Storflex Fixture Corporation

*Artic Temp Inc.

Kool Star (Standex International
Corporation)

*Superior Commercial Coolers, Inc.

*Bally Refrigerated Boxes, Inc.

Kysor Panel Systems (Manitowoc)

*T.0. DeVilbiss Manufacturing
Co.*

*Bush Refrigeration

Leer Limited Partnership (Dexter
Apache Holdings, Inc.)

*Tafco/T.M.P. Company, Inc.
(Tafco)

Carroll Coolers Inc. (Dexter Apache
Holdings, Inc.)

*Louisville Cooler Manufacturing
Company

*Thermo-Kool/Mid-South Ind, Inc.

*Chrysler & Koppin Company

Master-Bilt Products (Standex
International Corporation)

*U.S. Cooler Company, Inc. (Craig
Industries)

*Commercial Cooling (PAR
Engineering, Inc.)

*Mr. Winter/Isopanel

*W.A. Brown, Inc. (Imperial Walk-
in Coolers)

*Cool Solutions Panel
Manufacturing LLC

Nor-Lake, Inc. (Standex
International Corporation)

*Worldwide Refrigeration

*Crown Tonka Walk-
ins/ThermalRite (Rainey Road
LLC)

*Small business manufacturer

Table 3.2.2 Manufacturers of Non-Display Doors

*Chase Doors

| *Frank Door Company

| *Jamison Doors

*Small business manufacturer

Table 3.2.3 Manufacturers of Display Doors

Anthony

Gemtron (Schott)

*Styleline

*Commercial Display Systems, LLC

*Small business manufacturer
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Table 3.2.4 Manufacturers of Walk-in Refrigeration Systems

*Century Refrigeration (RAE
Corporation)

Master-Bilt Products (Standex

Kolpak (Manitowoc) International Corporation)

Heat Transfer Products Group DBA
Russell (Monomay Capital Partners,
L.P. and Starboard Capital Partners,
LLC)

Krack (Ingersoll Rand) *Peerless of America, Inc.

Trenton Refrigeration Products
Manitowoc (National Refrigeration and Air
Conditioning Products Inc.)

Heatcraft Refrigeration Products,
LLC (Lennox International)

*Small business manufacturer

As illustrated in these tables, the walk-in market is characterized by many small
companies and a few large companies. In general, the large companies tend to be part of public
corporations while the small companies tend toward private ownership. The total walk-in market,
including panels, doors, and/or refrigeration equipment, is valued at roughly $1.8 billion in
annual revenue. No single company controls the market, although several large companies
combined represent roughly half of the annual revenue. This diversity reflects the wide range of
end-users that make up the customer base: larger manufacturers tend to serve chain and brand
name stores in the grocery, supermarket, and convenience store markets, while smaller
manufacturers may be preferred by regional non-chain convenience and grocery stores, and
restaurants.

DOE estimated that the panel manufacturers have combined total annual revenues of
approximately $760 million. DOE is aware that there may be additional small manufacturers of
panels not listed in any of the tables above or in publicly available documents or websites. DOE
estimated that the non-display door and display door manufacturers have combined total annual
revenues of approximately $280 million and that the refrigeration industry has annual revenues
of approximately $840 million.

DOE also identified several manufacturers of more than one type of component—for
instance, panels and refrigeration. DOE found that the market was dominated by the large
companies: Ingersoll Rand (subsidiary brands are Hussman and Krack), Standex International
Corporation (subsidiary brands are Master-Bilt, Nor-Lake, and Kool Star), and Manitowoc
(subsidiary brands are Harford Duracool, Kysor Panel, and Kolpak). These large companies
tended to break out food service equipment in their public revenues reports, but this could
include types of equipment other than walk-ins, such as commercial refrigerated display cases,
reach-ins, and refrigerated beverage vending machines. Walk-in-specific revenues were
embedded in these data within the public revenue reports, but were not broken out specifically.

3.2.1.1 Small Businesses

DOE recognizes that small businesses could be particularly impacted by the
promulgation of energy conservation standards for walk-ins. The Small Business Administration
(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 that a for-profit concern can be 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 average employment of a firm. In the preliminary analysis, DOE
matched walk-in coolers and walk-in freezers to NAICS code 333415, “Air-Conditioning and
Warm Air Heating Equipment and Commercial and Industrial Refrigeration Equipment
Manufacturing,” which has a size standard of 750 employees. Manufacturers classified as small
businesses according to this NAICS code are indicated in Table 3.2.1 through Table 3.2.4 with
an asterisk (*).

DOE realizes that small business manufacturers of panels and doors tend to be much
smaller than the 750-employee size standard. For instance, DOE found that more than half of
small walk-in manufacturers have 100 or fewer employees. DOE studied the potential impacts
on small businesses in detail during the manufacturer impact analysis. See chapter 12 of the TSD
for details.

3.2.1.2 Industry Consolidation

The consolidation of major manufacturers through mergers and acquisitions is an
industry trend. In some cases consolidation serves to expand vertical reach, such as the
acquisition of a panel manufacturer by a refrigeration manufacturer, while in other cases
consolidation creates companies with a more dominant market share in a similar manufacturing
process. For example:

e In 1995, commercial refrigeration manufacturer Manitowoc acquired walk-in
manufacturer Kolpak.

e In 2000, Hill PHOENIX (Dover Corporation) acquired National Cooler Corporation, a
manufacturer of walk-in coolers and walk-in freezers. This company was re-named Hill
Phoenix Walk-Ins.

e In 2000, refrigeration and envelope manufacturer Hussmann was acquired by Ingersoll
Rand.

e In 2003, Standex International Corporation acquired Nor-Lake, which manufactures
walk-in envelopes. In 2005, the company acquired Kool Star, a refrigeration
manufacturer for walk-in end uses. Standex International also owns Master-Bilt, a major
refrigeration and envelope manufacturer.

e In 2008, Manitowoc bought Enodis, PLC. Enodis owned another envelope manufacturer,
Kysor Panel Systems.

e In 2009, Rainey Road, LLC, owner of CrownTonka Walk-ins/ThermalRite, purchased
another envelope manufacturer, International Cold Storage, from Carrier Commercial
Refrigeration, Inc. (Carrier Corporation).

e In 2010, Carrier Corporation sold its Heat Transfer Products Group (HTPG), including
Russell Refrigeration, to Monomoy Capital Partners, L.P. and Starboard Capital Partners,
LLC.

3.2.2 Existing Standards from Regulatory and Voluntary Programs

The prescriptive standards for walk-ins set out in EPCA and any standards established by
DOE during the WICF rulemaking process preempt state standards established for the same
equipment. Exceptions include any state standards established for equipment not regulated by the
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Federal Government and State standards that exceed those established by the Federal
Government.

3.2.2.1 U.S. State Regulatory Programs

Several states had established efficiency standards for walk-ins prior to 2009. These
standards were preempted by the Federal energy standards in EPCA when the provisions of
EPCA took effect January 1, 2009. DOE is not aware of any subsequently established state
standards that are more stringent than the standards in EPCA.

3.2.2.2 U.S. Voluntary Programs

DOE is not aware of any voluntary or incentive programs targeting walk-in coolers and
walk-in freezers.

3.2.2.3 International Programs

Several international organizations have implemented energy efficiency standards for
various types of commercial equipment:

e The Natural Resources Canada (NRCan) Office of Energy Efficiency (OEE) sets
efficiency standards for residential products and commercial equipment.

e The National Appliance and Equipment Energy Efficiency Committee (NAEEEC)
establishes energy performance standards for a variety of technologies manufactured and
sold in Australia and New Zealand.

e The European Union’s ECO-Design Standards program currently regulates 14 groups of
residential products and commercial equipment, and the organization plans to extend the
program to other products in the long term.

e Japan’s Top Runner program sets Target Product Standards for vehicles, residential
appliances, and commercial equipment.

None of these international programs have established standards for walk-in coolers and
walk-in freezers, but may do so in the future.

3.2.3 Shipments

Table 3.2.5 shows the forward-looking trend in values of WICF shipments beginning in
1993, as estimated by the Freedonia Group in a 2008 report.

Table 3.2.5 Value of Shipments of Walk-In Coolers and Freezers (in millions
Years 1993 | 1998 | 2003 | 2008 2013

Walk-In Cooler/Freezer Shipments $390 | $680 | $620 | $800 | $1,000
Source: The Freedonia Group, Inc. (2008)

The walk-in industry lacks aggregated data on historical shipments of walk-ins. In the
preliminary analysis, DOE estimated the installed base of walk-ins for 1997, 2002, and 2007
using Commercial Buildings Energy Consumption Survey and U.S. Census data. For the
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preliminary analysis, DOE estimated year-to-year shipments by assuming equal shipments for
each year during each 5-year interval. During interviews, manufacturers made qualitative
comments on the shipment trends DOE presented. They noted that historical shipments were not
consistent from year to year but depended largely on the state of the economy. In particular,
shipments peaked around 2007-2008, but declined dramatically in subsequent years. They also
predicted that unfavorable economic conditions would lead to purchase of replacement parts
rather than entire walk-ins.

Table 3.2.6 summarizes DOE’s new estimates of historical shipments of envelope and
refrigeration equipment. Due to uncertainty regarding year-to-year shipments, DOE presents
aggregate shipments for the 5-year intervals between 1997, 2002, and 2007, the years for which
it can estimate the installed base. The shipments estimates are based on building growth and
replacement of equipment. For this NOPR analysis, DOE has updated its estimated replacement
rate of WICF equipment and distributions of equipment classes. Refrigeration system shipments
exceed envelope shipments because the shorter equipment lifetime of refrigeration systems
means they need more frequent replacements.

Table 3.2.6 Estimated Shipments of Envelopes and Refrigeration Systems

Shipments 1998-2002 Shipments 2003-2007

Envelope

Coolers 452,571 450,575

Freezers 193,959 193,104
TOTAL 646,531 643,679
Refrigeration Systems

Multiplex 241,396 240,797

Dedicated 563,257 561,860
TOTAL 804,653 802,658

For the NOPR, DOE is analyzing the panels and doors of envelopes separately. Also,
manufacturers indicated that panel shipments are typically measured in square feet, not by
individual panels. Table 3.2.7 shows DOE’s estimates of historical panel shipments, in millions
of square feet of panel shipped. Table 3.2.8 shows DOE’s estimates of historical door shipments,
in thousands of doors shipped.
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Table 3.2.7 Estimated Shipments of Panels

Shipments 1998-2002 Shipments 2003-2007
million square feet million square feet

Non-Floor Panels

Coolers 416 415

Freezers 125 125
Floor Panels

Coolers 8.54 8.50

Freezers 27.5 27.3

Table 3.2.8 Estimated Shipments of Doors

Shipments 1998-2002 Shipments 2003-2007
thousand doors thousand doors

Passage Doors

Coolers 651 648

Freezers 275 274
Freight Doors

Coolers 18.9 18.9

Freezers 15.1 15.0
Display Doors

Coolers 1270 1260

Freezers 77.4 77.0

3.2.4 Industry Cost Structure

As discussed in section 3.2.1, DOE found that WICF manufacturing can be classified as a
subset under NAICS code 333415, “Air-Conditioning and Warm Air Heating Equipment and
Commercial and Industrial Refrigeration Equipment Manufacturing.”

DOE is unaware of any publicly available industry-wide cost data specific to only
manufacturers of walk in coolers and walk in freezers. Therefore, DOE used the data for the Air-
Conditioning and Warm Air Heating Equipment and Commercial and Industrial Refrigeration
Equipment Manufacturing Industry as a broader industry proxy for the WICF industry, which, in
combination with information gained in interviews, inform DOE’s analysis of the industry cost
structure. These data, shown in Table 3.2.9, are taken from the U.S. Census Bureau’s Annual
Survey of Manufacturers, Statistics for Industry Groups and Industries. DOE presents the WICF
employment levels and earnings from 2004 to 2009. The statistics approximately illustrate an
overall 18 percent decrease in production workers and 13 percent decrease in overall number of
employees from 2004 to 2009.
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Table 3.2.9 Employment and Earnings for the Air-Conditioning and Warm Air Heating
Equipment and Commercial and Industrial Refrigeration Equipment Manufacturing

Industry
Year Production Workers All Employees Annual Payroll
$000s
2004 73,559 99,669 3,707,969
2005 76,011 102,354 3,942,808
2006 74,909 98,097 4,019,813
2007 73,993 100,284 3,975,785
2008 70,787 96,610 4,020,656
2009 60,041 86,454 3,666,278

Source: U.S. Census Bureau. Annual Survey of Manufacturers, 2004-2009

Table 3.2.10 presents the costs of materials and industry payroll as a percentage of
shipment value from 2004 to 2009. The cost of materials as a percentage of shipment value
steadily increased from 2004 to 2007, and then dipped in 2008. The cost of payroll for
production workers and the cost of total payroll have declined by 11.6 percent and 4.3 percent,
respectively.

Table 3.2.10 Air-Conditioning and Warm Air Heating Equipment and Commercial and
Industrial Refrigeration Equipment Manufacturing Industry Material and Payroll Costs

. Cost of Payroll
Cost of Materials . Cost of Total Payroll
Year percent of shipment value gg:cz;?gggﬂ%%\é\ﬁrvﬁ;i percent of shipment value
2004 51.81 8.99 14,57
2005 53.78 8.52 13.78
2006 53.17 8.87 13.80
2007 55.52 8.12 13.29
2008 54.56 8.10 13.46
2009 55.05 7.95 13.94

Source: U.S. Census Bureau. Annual Survey of Manufacturers, 2004-2009
3.2.5 Equipment Lifetimes
3.25.1 Refrigeration

DOE reviewed available literature and consulted with experts on walk-in refrigeration
equipment to establish typical equipment lifetimes. The literature and individuals consulted
estimated a wide range of typical equipment lifetimes, as shown in Table 3.2.11.

A 2008 report by The Freedonia Group suggests that custom-made walk-in refrigeration
units are typically used by the food production/distribution sectors.* As these units are not seen
by consumers but are made for durability, efficiency, and dependability, there is little attention
paid to aesthetics in design. U.S. tax depreciation schedules (which allow depreciation over a 5-
year period for retail fixtures, including walk-in refrigerators and walk-in freezers)? may be one
driver for regular replacement of walk-in refrigeration equipment in the United States.
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Table 3.2.11 Lifetime of Refrigeration Equipment
Lifetime Reference

years

7-15 Mark Ellis & Associates,’
15 Foster-Miller (2001)"

15-20 U.S. Environmental Protection Agency (EPA) (2001)°
15 Arthur D. Little (ADL) (2002)°

7-10 Intergovernmental Panel on Climate Change (IPCC) 2001’

Some literature suggested longer lifetimes of up to 20 years or more for walk-in
refrigeration equipment. Many of the studies cited here are 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, consultation
with experts in the field suggested that smaller, independently owned grocery stores were more
likely to keep equipment longer than larger chain stores.

3.2.5.2 Panels and Doors

Unlike motorized or electrical equipment, a walk-in panel or door may not have a clear
point of failure. In some instances, panel and/or door failure may be obvious, such as in the cases
of a severe puncture or freeze-thaw distortion of panel shape. However, it is more common that
envelope components fail from an insulation perspective long before they exhibit any visual
forms or signs of failure. Even if the panel or door appears structurally intact, its ability to
insulate effectively may have been diminished substantially by diffusion, water absorption, or
wear and tear.

Owing to this visual ambiguity, and the wide variety of material properties and
environmental conditions that may impact the walk-in, walk-in panel and door lifetimes may
have a wide range. Panel and door lifetimes across a variety of sources cited a range of 12-25
years that was first referenced in the widely referenced commercial refrigeration equipment
industry report by Arthur D. Little, Inc. (1996). Anecdotal evidence suggests that some walk-in
panels and doors remain operational for years longer.

In addition, since there is possibly a large discrepancy between when a panel or door fails
and when it is replaced, all following analysis for panels and doors is based on estimated
replacement rates.

3.25.3  Used or Refurbished Equipment

Several industry experts suggested there is a significant used/refurbished equipment
market. However, the size of the used market relative to the new market was not determined.
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. Additionally, the difficulty in collecting used equipment of the
same “look” for planned display case line-ups 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 ft?) and for independently owned convenience stores, the fraction of owners who
would consider purchase of refurbished equipment was 25 and 16 percent, respectively. For
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larger, regional chains, this fraction was approximately 11 percent. None of the large grocery
chains surveyed had plans to purchase refurbished equipment.

3.2.6 Market Performance Data

NRCan provides estimates of the installed number, sales, and energy consumption of
WICF equipment on an annual basis, summarized in Table 3.2.12.

Table 3.2.12 Summary of Walk-in Cooler and Freezer Data Compiled by NRCan®
Equipment Total Installed Annual Sales Annual Energy
Type (New or replacement) Consumption
kWh

Refrigerator (15 m?) - - 16,200
Freezer (15 m%) - - 21,400
Refrigerator-Freezer (31 m°) - - 30,200
Total 96,000 3,300 -

DOE was unable to find a source that compiled WICF data in the United States. Because
there has not been a test procedure in place in this industry, there is no established industry-wide
metric for performance of walk-in panels, doors, and refrigeration systems as they relate to
energy consumption. Manufacturers’ specification sheets typically provide only information
relevant to the end user or contractor. Refrigeration specification sheets typically include
refrigeration capacity, physical dimensions, electrical characteristics, and a description of
standard and optional features. Panel and door specification sheets typically include physical
dimensions, characteristics of any electrical components, and sometimes R-value in the case of
panels and non-display doors.

Although DOE could not find any quantitative industry-wide performance data, DOE has
researched the industry and presents its findings below pertaining to equipment performance.

Panels

The majority of panels are made of 4-inch-thick foam. They are also available in 5-inch
and 6-inch thicknesses, but these sizes are not used frequently. They are more difficult to
manufacture because the increased thickness increases the curing time of the foam (for foam-in-
place polyurethane (PU)) and are more difficult to handle, increasing the labor time for the
manufacturer. Also, customers do not prefer thicker panels because they take up space that could
otherwise be used to store or market products.

Most panels are made of foam-in-place PU. Of the panel manufacturers identified,
approximately 75 percent manufacture PU panels, with the remainder manufacturing either
extruded polystyrene (XPS) panels or both types of panels. However, all the manufacturers DOE
identified who make XPS panels are small businesses. Therefore, DOE estimates that the overall
percentage of PU panels on the market is higher than 75 percent and could be as high as 90
percent.

When first manufactured, PU has an R-value of approximately 7 per inch, and XPS has
an R-value of approximately 8 per inch. Over time, the R-value of PU decreases to
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approximately R-6.8 per inch and the R-value of XPS decreases to approximately R-5.8 per inch.
DOE expects that this would be accounted for in the test for long-term thermal resistance, which
contributes to the measurement of the panel’s U-factor. DOE does not have any industry data on
current panel U-factor ranges.

Non-Display Doors

Most passage doors are made by panel manufacturers who supply the door to the
customer along with the set of panels that make up a walk-in. Almost all passage doors are made
of foam-in-place PU and tend to be the same thickness as the walk-in they are intended to be
used with, to meet the EPCA standards and for cosmetic purposes. Many passage doors
incorporate a small window (approximately 1 to 2.5 ft%).

Freight doors are often manufactured by a specialty manufacturer. They tend to be the
minimum thickness necessary to meet the EPCA standards, to avoid additional weight. Freight
doors may open horizontally or vertically, and may be manual or powered.

Display Doors

Display doors are almost exclusively manufactured by manufacturers who specialize in
display doors because they are difficult and expensive to manufacture. Most display doors only
have the energy saving features necessary to comply with the EPCA standards, but all
manufacturers of display doors market one or more lines of high-efficiency doors. DOE
estimates that high-efficiency doors could comprise a small portion of the market.

Refrigeration

Three major refrigeration manufacturers include at least one energy-saving feature not
already required by EPCA in at least some of their standard equipment, and all refrigeration
manufacturers DOE identified have optional energy-saving features. DOE assumed that of
refrigeration systems sold, 75 percent were at baseline and 25 percent had, on average, an
efficiency equivalent to level 1 in DOE’s engineering analysis (for more details on the
engineering analysis, see chapter 5 of the TSD).

The most significant sub-component of a refrigeration system in terms of energy use is its
compressor, and many compressor manufacturers publish the energy efficiency ratio (EER) of
their compressors. EER is the ratio of the compressor’s cooling capacity (ability to remove heat)
in Btu/h to the power input in watts. DOE surveyed compressors of the sizes and types that
would normally be used in WICF refrigeration systems. Below, DOE presents data on
compressor EER at rating conditions consistent with those in the refrigeration system test
procedure. Figure 3.2.1 contains data for medium-temperature systems over the whole range of
analyzed sizes, while Figure 3.2.2 shows a more detailed view of medium-temperature
compressors in a smaller size range. Figure 3.2.3 and Figure 3.2.4 show the same data for low-
temperature compressors.
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3.2.7 Key Stakeholders

The following table lists key stakeholders who have provided comments on the
rulemaking to date.
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Table 3.2.13 List of Interested Parties

Commenter(s) Abbreviated Affiliation Comment Number(s) in
Designation Docket
Kason Industries, Inc. Kason Component Supplier | 0009.1, 0019.1

0011.1, 0025.1, 0038.1,

Craig Industries, Inc. and US Cooler Company | Craig Industries | Manufacturer 0064.1, 0071.1

AFM Corporation AFM Manufacturer 0012.1

Eliason Corporation Eliason Manufacturer 0013.1, 0022.1

The Northwest Energy Efficiency Alliance and | NEEA and Utility 0021.1 0059 1

the Northeast Power Coordinating Council NPCC Representative ! '

Bally Refrigerated Boxes, Inc. Bally Manufacturer 0023.1

Appliance Standards Awareness Project ASAP Energy Efficiency 0024.1
Advocate

CrownTonka Walk-ins CrownTonka Manufacturer 0026.1, 0057.1

Earthjustice Earthjustice Energy Efficiency 0027.1, 0047.1
Advocate

Edison Electric Institute EEI Energy Efficiency 0028.1
Advocate

Foam Supplies, Inc. FSI Material Supplier 0029.1

Hired Hand Technologies Hired Hand Manufacturer 0030.1, 0050.1

eratl_ng, A|r-cond|t|(_)n|ng & Refrigeration HARDI Trade Association 00311

Distributors International

Kysor Panel Systems Kysor Manufacturer 0032.1, 0054.1

Nor-Lake, Incorporated Nor-Lake Manufacturer 0049.1

Owens Corning Foam Insulation, LLC Owens Corning | Material Supplier 0034.1

Southern California Edison and Technology SCE Utility 0035.1

Test Centers

Air-Conditioning, Heating, and Refrigeration
Institute

AHRI

Trade Association

0036.1, 0055.1

American Panel Corporation American Panel | Manufacturer 0039.1, 0048.1
Master-Bilt Products, Inc. Master-Bilt Manufacturer 0033.1, 0046.1
Zero-Zone, Inc. Zero-Zone Manufacturer 0051.1
American Chemistry Council Center for the CPI Material Supplier 0052.1
Polyurethanes Industry

Hussmann and Ingersoll Rand Ingersoll Rand | Manufacturer 0053.1
Manitowoc Ice Manitowoc Manufacturer 0056.1
Heatcraft Refrigeration Products LLC Heatcraft Manufacturer 0058.1, 0069.1
Southern California Edison, San Diego Gas &

Electric, Pacific Gas & Electric Company, Joint Utilities Utility Group 0061.1
Sacramento Municipal Utility District

American Chemistry Council ACC Material Supplier 0062.1

Craig Industries, Inc. and U.S. Cooler Craig Industries | Manufacturer 0064.1
Company

AmeriKooler, Inc. AmeriKooler Manufacturer 0065.1

Hill Phoenix Walk-Ins Hill Phoenix Manufacturer 0066.1
NanoPore Insulation, LLC NanoPore Material Supplier 0067.1
Carpenter Co. Chemical Systems Division Carpenter Material Supplier 0068.1
American Council for an Energy Efficient

Economy, Appliance Standards Awareness Energy Efficiency

Project, Alliance to Save Energy, Natural Joint Advocates Advocates 0070.1

Resources Defense Council, Northwest Energy

Efficiency Alliance
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3.2.7.1 Trade Associations

There is no single, unifying trade organization representing manufacturers of walk-in
coolers and walk-in freezers or their components. Rather, the industry is segmented by
equipment type and end use. Several refrigeration system manufacturers are represented by a
single association. Also, some walk-in manufacturers belong to a trade association that
represents manufacturers of foodservice equipment. No association represents manufacturers of
panels and doors specifically, although several organizations represent manufacturers of different
types of foam used in WICF panels and non-display doors.

The Air-Conditioning, Heating, and Refrigeration Institute (AHRI) is one of the trade
associations representing WICF manufacturers. AHRI primarily represents refrigeration
manufacturers, although some of these companies also make the panels and doors used in walk-
in coolers and walk-in freezers. Manufacturers of panels, doors, and refrigeration systems with
membership in AHRI include:

Associate Members:
e Anthony
e Imperial Manufacturing

Full Members:

Bally Refrigerated Boxes, Inc.
Carrier Corporation

Craig Industries (U.S. Cooler Corp.)
Heatcraft Refrigeration Products, LLC
Hill PHOENIX

Hussmann Corporation

KeepRite Refrigeration (Canadian)
Lennox International, Inc.
Manitowoc

Master-Bilt

e Tecumseh

As an organization, AHRI is subdivided into divisions that represent various parts of the
refrigeration market. One of these is the Commercial Refrigerator Manufacturers Division
(CRMD). Originally founded in 1933 as a separate trade association, CRMD was established
within AHRI with the purpose of developing and implementing a certification program for
commercial refrigerators, commercial freezers, and commercial refrigerator-freezers. 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;
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e maintaining liaison with refrigerant suppliers and government agencies on
environmentally acceptable chlorofluorocarbon (CFC) alternatives; and
e providing input to government agencies concerning regulations affecting the industry.

The North American Association of Food Equipment Manufacturers (NAFEM)
represents manufacturers of foodservice equipment. Several WICF manufacturers who sell
equipment to the foodservice industry belong to NAFEM, including:

American Panel Corporation
Amerikooler, Inc.

Acrctic Industries, Inc.

Bally Refrigerated Boxes, Inc.
Chrysler & Koppin Company
Heatcraft Refrigeration Products, LLC
Howard-McCray

Imperial Manufacturing
International Cold Storage
Kolpak Walk-ins

Kool Star

Leer, Inc.

Manitowoc Foodservice
Master-Bilt Products
Nor-Lake, Inc.

Polar King International, Inc.
Standex International

Tafco — TMP Company
Tecumseh Products Company
ThermalRite
Thermo-Kool/Mid-South Industries Inc.
U.S. Cooler Company

W.A. Brown, Inc.

Panel and door manufacturers have no single organization serving in an umbrella role.
Reflecting the diversity of products available, several trade associations represent manufacturers
of specific foam types within the WICF industry.

e Polyurethane Manufacturers Association (PMA, www.pmahome.org) composed of
numerous suppliers, distributors, and contractors of polyurethane foam insulation.

e Extruded Polystyrene Foam Association (XPSA, www.xpsa.com) composed of Dow
Chemical, Owens Corning, and Pactiv, the main manufacturers of extruded polystyrene
foam insulation.

e Spray Polyurethane Foam Alliance (SPFA, www.sprayfoam.org) composed of
contractors, chemical manufacturers, and distributors of spray polyurethane foam
insulation. Chemical manufacturers include BASF Polyurethane Foam Enterprises LLC,
Gaco Western, Honeywell, Huntsman Polyurethanes.
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e Polyisocyanurate Insulation Manufacturers Association (PIMA, www.polyiso.org)
composed of manufacturers, suppliers, and brand relabelers associated with the
polyisocyanurate foam insulation industry. Arkema, Inc. is a member.

3.3 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 walk-in coolers and walk-in
freezers and their components, as well as to highlight the developments within those technology
categories and their applicability to these product classes. Walk-ins present a wide variety of
design options that could lead to energy savings if implemented in production models.

The components of a walk-in cooler covered by this rulemaking are the panels, doors,
and the mechanical refrigeration system. Each of these presents specific energy use or heat
transmission issues that can be addressed through new technologies. Within the refrigeration
system, some energy loss is due to inefficiencies in the components, including the compressor,
motors, and fan blades; while some is due to system inefficiencies, including refrigerant
pressures and temperatures. Advanced designs can lead to both direct energy savings and a
reduction of waste heat discharged into the refrigerated space, which must be removed. The
panels and doors present another group of energy loss pathways, including the conduction of
external heat through insulated walls and electricity consuming devices such as lights and anti-
sweat heaters.

Certain types or classes of WICF components may also exhibit further means through
which energy loss occurs. For example, walk-in refrigeration systems located outdoors are
exposed to increased fluctuations in temperature that affect the operation of the condenser, and
display doors exhibit pronounced energy losses due to conduction through the glass, as well as
the presence of anti-sweat heating devices. The following assessment provides descriptions of
technologies and designs that apply to panels, doors, and refrigeration, or classes thereof.

3.3.1 Technologies and Designs Relevant to Whole Walk-Ins
3.3.1.1 Non-Penetrative Internal Racks and Shelving

Many manufacturers have noted that end users and customers will install interior shelving
units and racks in the walk-ins using penetrative fasteners such as nails and screws. These
compromise the inner skin and insulation of the envelope, resulting in reduced insulating
capacity and possibly air leakage. The use of freestanding racks and shelving units by end users
could be a simple and effective method for reducing losses.

3.3.1.2 Humidity Sensors

The humidity of the exterior ambient air can influence the performance of the mechanical
refrigeration system. As air with a higher humidity has a higher specific heat, more energy is
required to cool the air on a day with high humidity. Sensors installed in the system could
provide real-time information about the outside humidity, which would allow the end user to
make more informed decisions about such matters as when to load and unload product. Such
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intelligently managed use would reduce infiltration losses due to prolonged door opening on
days exhibiting adverse operating conditions.

3.3.1.3  Fiber Optic Natural Lighting

During daytime business hours, instead of using electrically powered lighting systems,
roof mounted collectors can be used to direct sunlight into fiber optic cables that transmit the
light to where it is needed in a walk-in. This would save energy by preventing electricity use
from lighting at these times.

3.3.14 Energy Storage Systems

Thermal energy storage systems could be used to stabilize cooling demand on the
refrigeration system, allow the system to operate only during optimal environmental conditions,
and shift electrical demand to off-peak hours to achieve cost savings. For example, the
refrigeration equipment could cool a large mass during the night when outdoor temperatures are
lowest and electricity prices are cheapest. During the daytime or periods of peak demand, this
stored energy could then be utilized. Energy storage would allow for systems to be designed for
more-efficient steady-state operation rather than being oversized for “worst-case” weather or
product loading scenarios.

3.3.1.5 Refrigeration System Override

During periods of high traffic, such as when a shipment of product is received and must
be transferred into the walk-in, the door to the cooler or freezer may be repeatedly opened or
simply left open for a long period of time. With traditional systems, the thermostat engages the
compressor and fans during such periods. However, such operation wastes a large amount of
electricity, as the attempt on behalf of the system to cool the interior space is lost via the open
door. A better alternative is to simply override the thermostat, turning off the refrigeration
system completely during high-traffic periods and reengaging it after the tasks have been
performed. Such a simple control would prevent the cooling system from continuously running
at maximum capacity in an attempt to bring the inside temperature down to the desired value
while continuously ejecting cold air to the surrounding environment. The result would be an
immediate and sizeable energy savings.

3.3.1.6  Automatic Evaporator Fan Shut-Off

Typically, evaporator fans run at all times to circulate cool air in the walk-in. This design
option consists of a control that would automatically shut off evaporator fans whenever the walk-
in door is opened. The result would be that less chilled air would be blown out into the walk-in’s
surroundings, meaning that less energy would be needed to restore the temperature in the interior
space following a door opening.
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3.3.2 Technologies and Designs Relevant to Panels and Non-Display Doors Only
3.3.2.1 Insulation Thickness and Material

Most walk-in envelopes are constructed from panels known as structurally insulated
panels, which are composed of a sandwich of metal skins encapsulating an insulating material. A
similar methodology is used for non-display walk-in doors. Most walk-ins currently
manufactured and installed use traditional foam materials as insulation for the panels and non-
display doors. Their main purpose is to reduce heat transfer from the external environment to the
internal conditioned space of the walk-in.

Improvements to the insulating capacity of the envelope could be achieved through a
number of methods. The most basic of these would be increased insulation thickness using
existing foam insulating materials. Another option would be the incorporation of insulating
materials that have higher thermal resistance per inch thickness. One such technology is the
vacuum insulated panel, which consists of an outer air-tight membrane surrounding a core
material. The inner core is evacuated to remove air from the material. This greatly reduces heat
conduction on a per inch basis compared to foam materials. Other options include the
incorporation of aerogels, a low-density and low heat conducting material.

3.3.2.2  Framing Materials

The insulation found in walk-in panels and non-display doors is typically framed by
wood to provide structural support and ease the foaming process for foam-in-place polyurethane
manufacturers. The thermal resistance of wood is much lower than that of foam-in-place
polyurethane or polystyrene, common insulation materials. Improving the material used to frame
a walk-in panel or eliminating the framing material would improve the overall thermal resistance
of the walk-in panel or non-display door.

3.3.2.3 Air and Water Infiltration Sensors

Infiltration of water and/or water vapor into the envelope insulating material may
significantly reduce the insulating capacity of the affected regions because the thermal
conductivity of water and ice is higher than that of insulation. This sort of infiltration may result
from specific incidents, such as punctures or damage, or may be a steady-state process occurring
over a long period of time. A water condensate or vapor sensor implanted within the insulating
material would allow for early detection of damage to the insulating material. This would
prevent continued operation with a damaged unit and would provide notification of the need for
repairs. As a result, the energy that would have been wasted during sustained operation of a
damaged unit would be conserved. In addition, pressure or flow sensors may be used to directly
measure walk-in air exchange rates, providing end users with data on historical air exchange
patterns so they can monitor real-time performance.

3.3.2.4 Heat Flux Sensors

As mentioned earlier, damage to the envelope of the walk-in can occur for many reasons,
including penetrative fasteners used to attach shelves or racks and/or long-term degradation of
insulation due to gas diffusion or water infiltration. Heat flux sensors are available, which use a
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simple hot plate method to provide real-time information regarding the insulating properties of a
wall on which they are mounted. This non-destructive, R-value monitoring would provide
manufacturers with useful data of walk-in performance as installed in the field and allow end
users to monitor performance of the insulation over time to avoid energy losses incurred due to a
drop in insulation R-value.

3.3.3 Technologies and Designs Relevant to Display and Non-Display Doors Only
3.3.3.1 Door Gaskets

All walk-in doors use seals to prevent air exchange with the surroundings when the door
is closed. These seals typically consist of rubber gaskets that are compressed when the door latch
is closed, or magnetic, vinyl-coated systems used display glass doors. Improvements in these
systems and the seal materials could result in less air leakage, reducing energy loss due to air
infiltration.

3.3.3.2 Anti-Sweat Heater/Freezer Wire Controls

The external surface of a glass display door may experience temperatures below the dew
point of the ambient air. In this situation, condensation can form on the surface of the door,
reducing visibility of the product and also possibly leading to ice buildup or pools of condensate
forming at the base of the glass door. This phenomenon is known as “sweating.” Anti-sweat
heaters are generally used to ensure that the external glass temperature is above the dew point of
the ambient air, which prevents sweating.

Generally, electric heater wire, in contact with the door perimeter, is energized to
continuously heat the glass. However, anti-sweat heat may only be required during particularly
humid environmental conditions or walk-in temperatures. Control devices are available that
sense external humidity and temperature, and regulate anti-sweat heater wire use on demand.
These systems significantly reduce the required daily electrical demand.

Non-display freezer doors also use a heater wire to prevent the door from freezing shut.
The heater wire may also use a control device to regulate use on demand.

3.3.3.3 Display and Window Glass System Insulation Performance

Heat transfer losses through display doors may represent 30 to 40 percent of walk-in
energy consumption. While current regulation prescribes minimum standards for number of
panes, gas fill, and low emissivity coatings, there is significant opportunity for improvement. In
addition, windows used in non-display doors also contribute to energy consumption, but on a
much lower percentage basis.

Improvements to reduce 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.
Treating the window glass with advanced low emissivity coatings and increasing the number of
coated surfaces could also reduce losses due to radiation heat transfer. The result of these
improvements would include both direct energy savings due to reduced anti-sweat heater
demand and an indirect reduction in energy consumption through reduced conduction losses.
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3.3.3.4 Non-Electric Anti-Sweat Systems

While conventional anti-sweat heaters operate using separately powered electric
resistance heater wire, any heat source capable of bringing the door surfaces to a temperature
above dewpoint could also serve this purpose. It may be possible to use the waste heat generated
by the mechanical refrigeration system to provide the required glass door heating. In these non-
electric systems, a heat transfer fluid could be used to absorb heat from the refrigeration system
and reject heat to the glass doors. Using waste heat that is readily available may eliminate a
major source of electrical energy consumption in display units.

3.3.3.5 No Anti-Sweat Systems

Another option for addressing the issue of sweating is the use of static systems that
prevent the phenomenon. These include multi-pane glass doors, which have greater insulating
properties, preventing the exterior temperature from becoming low enough for sweating to occur.
Another option may be advanced hydrophobic materials that prevent condensate from attaching
or lingering on the glass surface and therefore prevent the formation of water droplets that may
obscure a customer’s view of a product.

3.3.4 Technologies and Designs Relevant to Panels Only
3.3.4.1 Panel Interface Systems

Panel interface systems include the methods and materials designed to seal the panel-to-
panel interfaces, panel-to-floor interfaces, and other interfaces present. Use of improved
materials, geometries, and manufacturing techniques could further reduce infiltration and
improve the overall insulating capacity of the envelope, resulting in less energy input required by
the refrigeration system.

3.3.5 Technologies and Designs Relevant to Display Doors Only
3.3.5.1 High-Efficiency Lighting

New advanced lights such as light emitting diodes (LEDs) and organic light emitting
diodes (OLEDs) offer significant increases in efficacy compared to standard fluorescent systems.
Namely, the electricity consumption and waste heat generated are far lower for the same light
output. Nearly every major display door manufacturer offers LED lighting as design option. LED
bulbs that fit in Edison type fixtures are also widely available.

3.3.5.2  Occupancy Sensors

One major source of energy consumption associated with a walk-in display door is the
operation of lighting when it is not needed, primarily due to lights being left on when the unit is
unused. Occupancy sensors ensure operation of the lighting only when an individual is viewing
products in a display type walk-in. When motion has not been detected for a set period of time,
the lights are turned off. This would reduce waste due to lights being left on unnecessarily.
Moreover, the sensors could also be used to notify personnel of periods when the door is ajar;
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that is, if the door is open and no one has been inside the space for a period of time. This would
save energy due to loss of refrigerated air from the interior space.

3.3.5.3 Automatic Insulation Deployment Systems

In many businesses, such as convenience and grocery stores with limited hours of
operation, display doors are not used during non-business hours. In such applications, automatic
insulation deployment systems could be put in place to lower a layer of insulation over the
interior or exterior surface of the glass doors during non-business hours, thus increasing the
thermal resistance of the door and, correspondingly, the net insulating capacity of the entire
envelope. This would greatly reduce conduction losses and save energy.

3.3.6 Technologies and Designs Relevant to Non-Display Doors Only
3.3.6.1 Automatic Door Opening and Closing Systems

Doors left open accidentally by employees can be a major cause of heat transfer to the
envelope due to air infiltration. To avoid the frequency and duration of accidental and intentional
door opening, especially while products are being loaded into the walk-in, the use of automatic
door opening and closing mechanisms can reduce air infiltration. By sensing approaching
personnel and through the use of powered door openers, the door can be quickly opened and
closed at a rate that both ensures safe movement through the doorway and minimizes the
duration of the door opening event. Instead of the door being propped while the walk-in is being
loaded, the door would only be opened for the short period that a person or forklift needs to pass
through the doorway.

3.3.6.2 Air Curtains

Air curtains consist of fans mounted horizontally or vertically that direct a stream of air
across a door opening. When the door is opened, the air current is activated, blowing air
perpendicular to direction of air movement into and out of the walk-in. This air barrier greatly
reduces unwanted exchange of air while the door is open.

Two types of air curtains exist: recirculating and non-recirculating. Non-recirculating
units are the most common, as these simply use air from the interior space to form the moving
stream. The air then impinges upon the floor and the stream splits. If properly positioned, the
systems are very effective at reducing air infiltration. In recirculating units, the stream of air is
captured through a floor grate and run through the blower again. Manufacturers claim that
recirculating units are even more effective than non- recirculating systems. Air curtains are not
standard on most walk-ins, but have been widely available for quite some time and are often
installed by end users as an accessory.

3.3.6.3  Strip Curtains

Strip curtains are barriers composed of vertically-oriented strips of plastic, usually clear
PVC, which can be suspended in the doorway opening of a walk-in. When undisturbed, the
curtain forms a barrier that limits movement of the cooled air out into the environment, yet
allows for easy and unobstructed passage through the doorway. These are commonly installed by
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end users to save energy. Generally, strip curtains are used in larger units that experience heavy
traffic, such as constant movement of goods using forklifts. However, their proficiency in
preventing the loss of chilled air from the inside of the refrigerated space makes them a candidate
for use in walk-ins of all sizes and uses.

3.3.6.4 Vestibule Entryways

The implementation of vestibule or air-lock doors would greatly reduce the losses that
result from opening the doors for entry. This type of entry system is typically used in larger
building entrances to prevent heat loss due to door opening air infiltration. The doors open and
close sequentially during entry and exit, never allowing direct air exchange. Instead, only a small
amount of air would move with the user into the small space between the two doors. This would
significantly reduce the increase in interior temperature that occurs each time the door is opened,
as well as the corresponding amount of energy required to cool that space back down to the
desired set point.

3.3.6.5 Revolving Doors

Another provision for the reduction of losses due to air infiltration from door opening
would be the use of revolving doors. Like vestibule entries, revolving door systems are
commonly used for the entryways of large buildings. Similarly, they prevent direct exchange of
air and reduce the rate of infiltration compared to a standard door.

3.3.7 Technologies and Designs Relevant to All Refrigeration Equipment Classes
3.3.7.1 Evaporator and 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 to minimize production cost and waste. Optimization of fan
design for specific applications could significantly reduce input energy needed to perform the
work. Higher efficiency fan blades can move more air at a given rotational speed compared to
traditional fan blades. This means that a smaller motor can be used, or the existing motor can be
run at a lower speed, resulting in direct energy savings.

3.3.7.2  Improved Condenser and Evaporator Coils

The effectiveness of the refrigeration system in moving heat from the temperature-
controlled space to the ambient environment is constrained by the ability of the evaporator and
condenser coils to transfer heat. Coils are generally constructed of copper and aluminum, with
these materials being chosen for their favorable heat transfer characteristics. Enhancements to
both the refrigerant side (inside) and air side (outside) of the coils can improve their heat transfer
characteristics, requiring less compressor power and fan energy to achieve the same system
capacity. Improvements to the refrigerant side of the coil can include increased tubing passes as
well as changes in the geometric profile of the tubing itself. Air-side improvements consist of
decreasing the spacing between the fins, thus increasing the number of fins per unit coil length,
as well as changes in the fin patterns. Increased overall coil size also improves heat transfer.
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3.3.7.3 Evaporator Fan Control

In traditionally operated systems, evaporator fans run at all times, whether or not the
compressor is running. This could result in an overuse of electrical power. Evaporator fan
controls save energy by allowing the evaporator fans to run at variable speed or to modulate on
and off during periods when the compressor is off.

3.3.8 Technologies and Designs Relevant to Dedicated Condensing Refrigeration Systems
Only

3.3.8.1 Ambient Sub-Cooling

This design option is applicable for outdoor systems with dedicated condensing units
only. This process uses an oversized condenser or sub-cooling heat exchanger to further cool the
condensed refrigerant using ambient air, effectively improving the heat transfer capability of the
condenser as a whole. Ambient sub-cooling is particularly effective when implemented on
systems operating in cool regions, where the temperature of the ambient air may be substantially
lower than the temperature of the refrigerant just after it is condensed.

The result is a decrease in coolant enthalpy at the exit of the condenser and a
corresponding increase in evaporator capacity, so a lower mass flow rate of compressed
refrigerant, and thus less compressor power, is needed.

3.3.8.2  Higher-Efficiency Fan Motors

Two separate sets of fan motors service the evaporator and condenser of the walk-in,
respectively. They facilitate heat transfer by moving air across the heat exchangers, in order to
move heat transfer heat to and from the refrigerant. Current regulations require that all
evaporator fan motors must be either 3-phase or electrically commutated motors (ECM), and that
all condenser fan motors must be ECMs, permanent split capacitor motors, or 3-phase. This
eliminates the usage of an older and less sophisticated motor type, the shaded-pole motor. Aside
from motor type alone, other design options can be implemented into the motors to reduce
internal friction and improve operating capacity. The result is that less electrical energy input is
required to generate the same amount of output shaft work, and less waste heat is discharged due
to friction, reducing electricity consumption directly. In the case of evaporator fan motors, more
efficient motors reduce the system heat load, thereby reducing the indirect energy consumption
of the refrigeration system in removing that load.

3.3.8.3  Higher-Efficiency Compressors

The compressor is the single component that uses the most power out of all those
comprising the refrigeration system, making it a likely and appropriate target for improvement.
Even a small percentage increase in compressor efficiency would result in very large energy
savings over the life of the product. Currently, several types of compressors are in use for walk-
in refrigeration systems. Smaller systems use hermetic reciprocating compressors, while larger
units utilize semi-hermetic compressors. Additionally, scroll compressors are now being used
across a range of capacities due to their higher efficiency at certain operating temperatures.
Moreover, multiple capacity compressors present an opportunity for energy savings as well.
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These systems can take many forms, including single compressors with multiple stages or
variable operating speeds as well as coupled sets of compressors that engage as necessitated by
the load on the envelope. These technologies allow for the compressor operating time and power
to more closely match the heat load, improving performance and decreasing energy
consumption.

3.3.8.4  Liquid Suction Heat Exchanger

This option is applicable for dedicated condensing units only. In many systems,
compressor performance is decreased due to low temperature of a liquid-vapor refrigerant
mixture at the suction point—that is, the compressor entrance. This also reduces the life of the
compressor due to wear and tear. The liquid suction heat exchanger subsystem transfers heat
from the liquid refrigerant exiting the condenser to the suction gas, thus sub-cooling the
condensed liquid while heating the suction gas. The subsystem minimizes liquid refrigerant
entering the compressor, thus improving the performance, and as a side effect sub-cools the
liquid at the condenser exit, thus improving the capacity of the evaporator as described in section
3.3.8.1.

3.3.9 Technologies and Designs Relevant to Low-Temperature Refrigeration Systems
Only

3.3.9.1 Defrost Controls

Management of frost buildup on coils is essential in ensuring continued efficient
operation of the unit. Formerly, defrosting systems were run on regular intervals using a simple
timer. However, this system has two possible negative consequences in that the defroster may
run too often, wasting energy, or not often enough, decreasing system performance. Current
systems continue to initiate defrost cycles periodically using a timer, but allow for control of the
termination of defrost using a thermometer; when the coils reach a specified temperature—
indicating that all ice has melted—the defroster is turned off.

More efficient systems may use sensors to determine that 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 of the air across the coil will increase. However, there are issues in that
external factors aside from frost buildup on the coil that may be the reason for decreased airflow
or a higher temperature differential. The second method is more accurate but requires more
sophisticated sensors. Even more advanced defrost controls may involve adaptive algorithms that
analyze past behavior of the system and attempt to predict when defrost is needed. Defrost
controls tend to save energy because the system only undergoes defrost when necessary. By
reducing the number of defrosts, the energy used to heat the coil during defrost is saved.

3.3.9.2 Hot Gas Defrost

Typical low temperature refrigeration systems have electrically powered heating rods
attached to the coil. When a defrost is needed, the rods heat up and transfer heat to the coll,
which melts the ice. Hot gas defrost involves the recirculation of hot gas discharged from the
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compressor to warm the evaporator during a defrost. Compared to other defrosting methods,
namely electric defrost, energy consumption is much less as the heat comes from an existing by-
product of the refrigeration process. However, sophisticated controls are required, along with
complex pipe routing, for the system to be effective. A more serious consequence of using this
defrosting system is cracking and leaking resulting from thermal stresses induced upon the
coolant piping due to alternate exposure to high- and low-temperature refrigerant.

3.3.10 Technologies and Designs Relevant to Outdoor Refrigeration Systems Only
3.3.10.1 Floating Head Pressure

Traditionally, the pressure at which the compressor discharges, known as the head
pressure, is kept at a constantly fixed setting in order to enable operation over a variety of
environmental temperatures in outdoor units. Generally, this is fixed at a high value to ensure
that enough refrigerant can flow through the system, which also protects the evaporative
condenser against freezing and maintains the necessary pressure difference across the expansion
valve.

However, modern technology, in the form of more sophisticated expansion valves, allows
for the use of floating head pressure schemes, in which the refrigerant flow is dynamically
controlled over a broad range of external temperatures. In this case, condensing temperatures
down to the minimum operating temperature of the compressor can be used, much lower than the
temperatures of 90 or 95 °F necessary for a fixed-head pressure system. In this case, the
evaporative condenser is in constant or near-constant operation, rather than simply turning on
and off as needed. This has the potential to generate a significant net energy reduction through a
decrease in compressor energy use, and also can reduce the wear induced upon moving parts due
to continual starting and stopping.

3.3.10.2 Condenser Fan Control

At high temperatures, condenser fans typically run at full speed when the compressor is
on, and are off when the compressor is off. However, at lower ambient temperatures, less airflow
is necessary to reject the heat produced by the coil, so condenser fans typically cycle on and off
to maintain the necessary heat transfer. Condenser fan controls allow the evaporator fans to run
at variable speed, saving energy through the fan power law, which states that motor speed
reduction causes a corresponding reduction in power cubed.

3.3.10.3 Economizer Cooling

Economizer cooling consists of directly venting outside air into the interior of the walk-in
when the outside air is as cold as or colder than the interior of the walk-in. This relieves load on
the refrigeration system when pull-down load is necessary.
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CHAPTER 4. SCREENING ANALYSIS

4.1 INTRODUCTION

This chapter addresses the screening analysis that the U.S. Department of Energy (DOE)
conducted in support of the ongoing energy conservation standards rulemakings for walk-in
coolers and walk-in freezers (WICF or walk-ins). In the market and technology assessment
(chapter 3 of the technical support document (TSD)), DOE presented an initial list of
technologies that can reduce the energy consumption of walk-ins. The goal of the screening
analysis is to screen out technologies that will not be considered further in the rulemaking
analyses. Some of the technologies considered in chapter 3 can reduce annual energy
consumption under real world conditions, but may not increase the efficiency as measured under
the DOE test procedure. DOE removed from consideration those technologies that do not
decrease measured energy consumption. DOE evaluated the 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))
EPCA also 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 Title 10, Code
of Federal Regulations, Part 430 (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 problematic 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 for making a determination 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.

Adverse impacts on equipment utility or equipment availability. If DOE determines
that a technology has a significant adverse impact on the utility of the equipment to significant
subgroups of consumers, or will result in the unavailability of any covered equipment type with
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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, it
will not be considered further.

Adverse impacts on health or safety. If DOE determines that a technology will have
significant adverse impacts on health or safety, it will not be considered further.

In sum, if DOE determines that a particular technology or combination of technologies
fails to meet one or more of the four criteria, it will be screened out. Section 4.3 documents the
reasons for eliminating any technology.

42  TECHNOLOGIES THAT DO NOT AFFECT RATED ENERGY CONSUMPTION

As stated above, technologies that do not decrease measured energy consumption are not
considered beneficial in the context of this rulemaking. Therefore, DOE removed the following
technologies from consideration.

4.2.1 Non-Penetrative Internal Racks and Shelving

Many manufacturers have noted that often end users will install interior shelving units
and racks in the walk-ins using penetrative fasteners such as nails and screws. These, by nature,
compromise the inner metal skin and insulation of the envelope resulting in reduced insulating
capacity and possibly air leakage. However, the test procedure used to measure the daily energy
performance of a walk-in does not account for any energy savings related to this equipment.
Furthermore, since manufacturers have little control over behavior of end users and most
shelving systems are now designed to be free-standing, this issue may have less of an impact on
the design of equipment. Consequently, DOE did not consider non-penetrative racks and
shelving in the engineering analysis.

422 Air and Water Infiltration Sensors

Infiltration of water and/or water vapor into the envelope insulating material may
significantly reduce the insulating capacity of the affected regions due to the thermal
conductivity properties of water. This sort of infiltration may result from specific incidents, such
as punctures or damage or a steady-state process occurring over a long period of time. A water
condensate or vapor sensor, implanted within the insulating material, would allow for early
detection of damage to the insulating material. However, while the data may be useful for end
users and manufacturers, the technology does not directly result in a reduction in energy
consumption. Consequently, DOE did not consider air and water sensors in the engineering
analysis.

4.2.3 Infiltration-Reducing Devices

In the preliminary analysis, DOE considered several technologies and designs to reduce
infiltration of air into the walk-in. However, following DOE’s decision to develop component-
based test procedures and standards, DOE is not proposing to account for the energy
consumption of walk-ins due to infiltration loads. Therefore, DOE excluded the following



infiltration-reducing technologies and designs from its analysis: door gaskets, panel interface
systems, automatic door opening and closing systems, air curtains, strip curtains, vestibule
entryways, and revolving doors, all of which are discussed in chapter 3 of the TSD.

4.2.4 Humidity Sensors

Humidity of the air is another factor which can influence the performance of the
mechanical refrigeration system. Because more humid air has a higher enthalpy, it requires more
energy to cool the air on a day with high humidity. Sensors installed in the system could provide
real-time information regarding the outside humidity, which would allow for more informed
decisions regarding topics such as the loading and unloading of product at certain times.
However, these sensors (unless they are used for anti-sweat heater control) do not provide a
means of directly reducing energy consumption. Consequently, DOE did not consider humidity
sensors in the engineering analysis.

425 Heat Flux Sensors

Heat flux sensors use a simple hot plate method to provide real-time information
regarding the insulating properties of a wall on which they are mounted. DOE did not consider
heat flux sensors in the engineering analysis because they do not provide a means of directly
reducing energy consumption.

4.2.6 Automatic Evaporator Fan Shut-Off

This control would automatically shut off evaporator fans whenever the walk-in door is
opened. The result would be that less chilled air would be blown out into the surroundings,
meaning that less energy would be needed to restore the interior space temperature following a
door opening. However, the proposed DOE test procedure contains no provision for calculating
energy savings that would occur with such a system because the envelope (including doors) and
the refrigeration system are tested separately. Consequently, DOE did not consider automatic
evaporator fan shut-off in the engineering analysis.

4.2.7 Liquid Suction Heat Exchanger

This subsystem minimizes the likelihood of a liquid-vapor mixture entering the
compressor by using the refrigerant exiting the condenser to superheat the refrigerant exiting the
evaporator, sub-cooling the refrigerant exiting the condenser in the process. This can effectively
increase the performance and life of the compressor and may save energy under certain
circumstances due to the sub-cooled liquid entering the evaporator. However, for higher
efficiency systems, the overall effect of the liquid suction heat exchanger is reduced to minimal
or no energy savings. DOE found that other techniques to improve energy efficiency were less
expensive than liquid suction heat exchangers, but implementing these techniques reduced or
eliminated the energy-saving effect of the liquid suction heat exchanger. Hence, DOE did not
consider it as part of the engineering analysis.*
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4.2.8 Refrigeration System Override

A refrigeration system override would consist of an option to manually shut off the
mechanical refrigeration system for select periods of time, such as during the loading and
unloading of product. At these times, high traffic results in many door openings, or the door
being left open altogether. In a conventional system, the refrigeration system continues to
operate in an attempt to bring the temperature down to the desired value. An override would
prevent this, meaning that less energy would be used during these periods. However, the DOE
test procedure for walk-ins has no provision for the testing of walk-ins equipped with such
systems, and thus there would be no reduction in energy consumption as tested. Consequently,
DOE did not consider refrigeration system override in the engineering analysis.

4.2.9 Economizer Cooling

Economizer cooling consists of directly venting outside air into the interior of the walk-in
when the outside air is as cold as or colder than the interior of the walk-in. This technique
relieves the load on the refrigeration system when a pull-down load (i.e., a load due to items
brought into the walk-in at a higher temperature than the operating temperature and must then be
cooled to the operating temperature) is necessary. However, the test procedure does not include a
method for accounting for economizer cooling, as it does not specify conditions for air that
would be vented into the walk-in, nor does it provide a method for measuring the energy use of
the economizer. Therefore, any benefits from including an economizer on a WICF would not be
captured by the test procedure.

43  SCREENED-OUT TECHNOLOGIES

This section addresses the technologies that DOE screened out because they did not meet
the requirements of sections 4(a) and 5(b) of the Process Rule. DOE considered the following
four factors: (1) technological feasibility; (2) practicability to manufacture, install, and service;
(3) adverse impacts on equipment utility to consumers; and (4) adverse impacts on health or
safety. The technologies that were screened out are fiber optic lighting, energy storage systems,
non-electric anti-sweat systems, automatic insulation deployment systems, insulation thicker
than 6 inches, higher efficiency evaporator fan motors, 3-phase motors, and improved evaporator
coils.

43.1 Fiber Optic Natural Lighting

Fiber optic lighting systems are often used in the building industry. However, in this
analysis, DOE has not encountered any such systems either in prototype or manufactured and
sold for walk-in applications. As a result, DOE screened out fiber optic natural lighting on the
grounds of technological infeasibility.

4.3.2 Energy Storage Systems

One proposed technology included the incorporation of thermal storage media that could
be cooled during the overnight hours and then used to lessen the refrigeration load during the
peak daytime operating period. However, in this analysis, DOE has not encountered any such
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systems either in prototype or manufactured and sold for walk-in applications. As a result, DOE
screened out energy storage systems on the grounds of technological infeasibility.

4.3.3 Non-Electric Anti-Sweat Systems

While it is technically possible to perform door heating with non-electric primary energy
resources, DOE has not encountered any such systems either in prototype or manufactured and
sold for walk-in applications. As a result, DOE screened out non-electric anti-sweat systems on
the grounds of technological infeasibility.

4.3.4 Automatic Insulation Deployment Systems

A system that enhances the insulation of glass display doors during non-business hours
would significantly reduce energy consumption without impacting utility of the walk-in.
However, in this analysis, DOE has not encountered any such systems either in prototype or
manufactured and sold for walk-in applications. As a result, DOE screened out automatic
insulation deployment systems on the grounds of technological infeasibility.

435 Insulation Thicker than 6 Inches

Increasing the thickness of the panel and non-display door insulation reduces energy
consumption by preventing heat from being conducted into the walk-in. DOE considered design
options that would increase the insulation up to a reasonable thickness, which it believes is 6
inches. Beyond 6 inches of thickness, panels and doors become extremely heavy and unwieldy.
Panels and non-display doors that use foam-in-place insulation would take an excessive amount
of time to cure. The thicker components also take up space that the consumer would otherwise
use to store product. Thus, DOE screened out insulation thicker than 6 inches because it is not
practicable to manufacture and install, and has adverse impacts on consumer utility.

4.3.6 Higher Efficiency Evaporator Fan Motors

The provisions of the Energy Independence and Security Act (EISA) mandate that WICF
evaporator fans be equipped with electronically commutated motors (ECMs). In this analysis,
DOE has not encountered any electric motor technologies that perform more efficiently than the
ECMs already required for this application, either in prototype or manufactured and sold for
walk-in applications. As a result, DOE has screened out the possibility of using higher efficiency
evaporator fan motors on the grounds of technological infeasibility.

4.3.7 3-Phase Motors

3-phase motors can save energy over single-phase motors; however, use of 3-phase
motors requires 3-phase power. Not all businesses that use walk-ins are equipped with 3-phase
power, and therefore must use single-phase equipment. DOE screened out this design option on
the grounds of utility.
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43.1 Improved Evaporator Coils

The effectiveness of the refrigeration system in moving heat from the temperature-
controlled space to the ambient environment is constrained by the ability of the evaporator and
condenser coils to transfer heat. Improvements to the refrigerant side (evaporator) of the coil can
include increased tubing passes as well as changes in the geometric profile of the tubing itself.
Increasing the size of this coil showed effects on the humidity inside the walk-in and the energy
savings. For systems where the high energy savings were observed, due to the higher
temperature difference, the humidity inside the walk-in was calculated to exceed allowable
limits, thus being eligible for screening out on the basis of adverse impacts on utility to the
consumer because many items stored in walk-ins have specific humidity requirements. In
addition, in cases where humidity levels are under allowable limits, the energy savings are
minimal. Hence, DOE screened out improved evaporator coil as a design option.

44  REMAINING TECHNOLOGIES

After eliminating those technologies that do not decrease energy consumption as
measured by the test procedure, and do not meet the requirements of sections 4(a) and 5(b) of the
Process Rule, DOE is considering the following technologies.

44.1 Panel and Door Design Options

Increased insulation thickness up to 6 inches

Improved insulation material (hybrid insulation)
Improved panel and non-display door framing material
Electronic lighting ballasts and high-efficiency lighting
Occupancy sensors

Display and window glass system insulation performance
Anti-sweat heater controls

No anti-sweat systems

4.4.2 Refrigeration Design Options

Higher efficiency compressors

Improved condenser coil

Higher efficiency condenser fan motors
Improved condenser and evaporator fan blades
Ambient sub-cooling

Evaporator and condenser fan control

Defrost control

Hot gas defrost

Head pressure control
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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 walk-in cooler and freezer (WICF or walk-ins)
components covered in this rulemaking. The cost-energy consumption relationship serves as the
basis for the cost/benefit calculations for individual customers, manufacturers, and the Nation. In
determining this relationship, the U.S. Department of Energy (DOE) estimates the increase in
manufacturer production cost (MPC) associated with technological changes that reduce the
energy consumption of baseline models, and then converts each MPC to MSP by applying a
multiplier to determine the manufacturer markup and factoring in shipping cost.

The primary inputs to the engineering analysis are market baseline information and data
for each equipment class addressed in the market and technology assessment (chapter 3 of the
technical support document (TSD)) and technology options from the screening analysis (chapter
4 of the TSD). Additional inputs include cost and energy consumption data that DOE estimated
using a cost model and an energy model, respectively. The primary output of the engineering
analysis is a set of cost-energy consumption curves and a manufacturer markup multiplier used
to convert MPC to MSP. In the subsequent markups analysis (chapter 6 of the TSD), DOE
determines customer prices by applying distribution markups, sales tax, and contractor markups.
After applying these markups, the data serve as inputs to the energy use analysis (chapter 7 of the
TSD) and the life cycle cost and payback period analyses (chapter 8 of the TSD).

In this chapter, DOE discusses representative baseline units, methodology used to
develop MPC, markups to MSP, sensitivity to material prices, methodology used to estimate
energy consumption, cost-energy consumption curves, normalization of energy consumption
metrics, and design options.

5.2 METHODOLOGY OVERVIEW

This section describes the analytical methodology used in the engineering analysis. In
this rulemaking, DOE is adopting a design-option approach, which calculates the incremental
costs of adding specific design options to a baseline model. As discussed in chapter 3 of the
TSD, DOE is considering the panels, non-display doors, display doors, and refrigeration system
separately. Consequently, DOE developed separate engineering curves for these components.
Furthermore, for each equipment class of the covered components, DOE analyzed different size
equipment to assess how energy use varies with size. A baseline unit was specified for each
equipment class based on equipment offerings currently on the market.

For each equipment class and size of component, DOE estimated the manufacturing cost
in 2012$ using a cost model and the energy consumption using an energy model. DOE combined
the cost analyses and energy consumption analyses to obtain a relationship between cost and
energy consumption; that is, the increase in cost associated with each design option that reduces
energy consumption. DOE expressed the data in plots of cost versus energy consumption for
each equipment class and size of each component. These plots are presented in appendix 5A.
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5.3 EQUIPMENT CLASSES AND EQUIPMENT SIZES ANALYZED

DOE proposes to set separate standards for the primary components that make up walk-in
coolers and freezers, which are the refrigeration unit, panels, display doors, and non-display
doors. Each of these components was categorized into equipment classes, as discussed in chapter
3. Of these initial equipment classes, DOE proposes to analyze and set standards for equipment
classes that have significant market share, are simple enough to model accurately, and can be
significantly improved beyond the prescriptive standards already set by the Energy Policy and
Conservation Act (EPCA).

531 Equipment Classes and Units Analyzed
53.1.1 Panels

In chapter 3 of the TSD, DOE described three main equipment classes for panels: floor
panels, structural panels, and display panels. Each equipment class can be further divided into
medium and low temperature applications.

DOE proposes not to regulate display panels and cooler floor panels in this rulemaking.
Based on interviews with manufacturers, DOE found that display panels, typically found in beer
coolers, make up a small percentage of the panel market share. DOE also recognizes that EPCA
set forth prescriptive requirements for display panels, and further improvements to display panels
will not result in significant energy savings without incurring disproportionate costs. 42 U.S.C.
6313(a)

DOE has excluded walk-in cooler floor panels from the analysis because of their complex
nature. Establishing a performance standard for walk-in cooler floors would be unduly
burdensome on the walk-in cooler floor manufacturer. Through manufacturer interviews and
market research, DOE determined that, unlike walk-in freezers, the majority of walk-in coolers
are made with concrete floors and not with insulated floor panels. The entity that installs the
cooler floor is considered the floor’s manufacturer and is responsible for testing and complying
with a walk-in cooler floor standard. The onus of complying falls on manufacturers that do not
specialize in constructing walk-in coolers, and the burden would be expensive and difficult for
the manufacturer. Therefore, DOE finds that a standard for walk-in cooler floor panels is not
warranted.

Equipment classes analyzed in this rulemaking include cooler and freezer structural
panels and freezer floor panels. These classes of panels make up the majority of panels found in
the walk-in cooler and freezer market. Within each class, DOE analyzed three different sizes to
determine how size may affect the performance characteristics. Table 5.3.1 lists the panel classes
and sizes DOE analyzed in the engineering analysis.
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Table 5.3.1 Analysis Points

: Panels

Equipment Temperature | Class Code Size Dimensions Thickness of
Family height x length, ft | Additional Structural
Layer
In
Small 8x15 -
Medium SP.M Medium 8x4 -
Structural Large 9x5.5 -
Panels Small 8x15 -
Low SP.L Medium 8x4 -
Large 9x5.5 -
Small 8x2 0.5
Floor Panels Low FP.L Medium 8x4 0.5
Large 9x6 0.5
5.3.1.2 Non-Display Doors

In chapter 3 of the TSD, DOE identified two classes of non-display doors: passage doors
and freight doors. Each equipment class can be further divided into medium and low temperature
applications. For each class, DOE analyzed three sizes of equipment. Table 5.3.2 lists the non-
display door classes and sizes DOE analyzed in the engineering analysis.

Table 5.3.2 Analysis Points: Non-Display Doors

Equipment Temperature | Class Code Size Dimensions Window Area
Family height x length, ft ft?
Small 6.5x25 2.25
Medium PD.M Medium 7x3 2.25
Passage Doors Large 75x4 2.25
Small 6.5x25 2.25
Low PD.L Medium 7x3 2.25
Large 75x4 2.25
Medium Small 8x5 2.25
FD.M Medium 9x7 4
Freight Doors Large 12x7 4
Small 8x5 2.25
Low FD.L Medium 9x7 4
Large 12x7 4

5.3.13

Display Doors

Display doors are divided into medium and low temperature classes. DOE analyzed three
sizes for each display door class. Table 5.3.3 lists the display door classes and sizes DOE
analyzed in the engineering analysis.

5-3




Table 5.3.3 Analysis Points: Display Doors

Equipment Temperature | Class Code Size Dimensions Light Bulb
Family height x length, ft Length
ft
Small 5.25x2.25 5
Medium DD.M Medium 6.25x2.5 5
. Large 7Xx3 6
Display Doors Small 5.25 X 2.2.5 5
Low DD.L Medium 6.25x2.5 5
Large 7x3 6

5.3.1.4 Refrigeration System

DOE identified 10 equipment classes for the refrigeration system in chapter 3. Classes are
differentiated by condensing type (dedicated condensing or multiplex condensing) and operating
temperature (medium or low). Dedicated condensing systems are further divided into classes by
location of the condensing unit (indoor or outdoor) and size (small and large). For dedicated
condensing classes, DOE analyzed units with different compressor types; and for multiplex
condensing classes, DOE also analyzed units with different fin spacing and different numbers of
fans. Within each class, DOE also analyzed one or more sizes. DOE chose these various analysis
points within each class in order to account for these factors—compressor type, fin spacing,
etc.—in the engineering analysis. Table 5.3.4 and Table 5.3.5 list the refrigeration system classes
and sizes DOE analyzed for dedicated condensing systems and multiplex condensing systems,
respectively.




Table 5.3.4 Analysis Points: Dedicated Condensing Refrigeration Systems

Condensing | Temperature | Condenser Size Class Compressor | Capacity Analysis Point
Type Location Btu/h Code Type Btu/h Code

<9000 DC.M.I- H(?rmetic _ 6,000 DC.M.I.HER.006

’ <9,000 Semihermetic 6,000 DC.M.1.SEM.006

Hermetic 18,000 DC.M.I.HER.018

Scroll 18,000 DC.M.1.SCR.018

Medium DC.M.I- Semihermetic | 18,000 DC.M.1.SEM.018

>9,000 >9'00'0 Scroll 54,000 DC.M.I.SCR.054

- Semihermetic | 54,000 DC.M.1.SEM.054

Scroll 96,000 DC.M.1.SCR.096

Indoor Semihermetic | 96,000 DC.M.1.SEM.096

DC.LI- Hermetic 6,000 DC.L.I.HER.006

<9,000 <9000 Scroll 6,000 DC.L.1.SCR.006

' Semihermetic 6,000 DC.L.I.SEM.006

Low Hermetic 9,000 DC.L.I.HER.009

DC.LI- $cro|l _ 9,000 DC.L.1.SCR.009

>9,000 -9 OOO Semihermetic 9,000 DC.L.I.SEM.009

- Scroll 54,000 DC.L.1.SCR.054

. Semihermetic | 54,000 DC.L.I.SEM.054

Dedicated -

Condensing <9000 DC.M.O- H(?rmetlc_ 6,000 DC.M.0.HER.006
' <9,000 Semihermetic 6,000 DC.M.0.SEM.006
Hermetic 18,000 DC.M.0.HER.018
Scroll 18,000 DC.M.0.SCR.018
Medium DC.M.O- Semihermetic | 18,000 DC.M.0.SEM.018
>9,000 >9' 060 Scroll 54,000 DC.M.0.SCR.054
- Semihermetic | 54,000 DC.M.0.SEM.054
Scroll 96,000 DC.M.0.SCR.096
Outdoor Semiherm_etic 96,000 DC.M.0.SEM.096

DC.L.O- Hermetic 6,000 DC.L.O.HER.006

<9,000 <9000 Scroll 6,000 DC.L.0.SCR.006

' Semihermetic 6,000 DC.L.O.SEM.006

Hermetic 9,000 DC.L.O0.HER.009

Low Scroll 9,000 DC.L.0.SCR.009

~9 000 DC.L.O- | Semihermetic 9,000 DC.L.O.SEM.009

- >9,000 Scroll 54,000 DC.L.0.SCR.054
Semihermetic | 54,000 DC.L.O.SEM.054

Semihermetic | 72,000 DC.L.O.SEM.072
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Table 5.3.5 Analysis Points: Multiplex Condensing Refrigeration Systems

Condensing | Temperature | Class Code Number of Capacity Number of Analysis Point
Type Fins per Inch Btu/h Fans Code
6 4,000 1 MC.M.N.006.004.1
_ MC.M 6 9,000 2 MC.M.N.006.009.2
Medium ' 6 24,000 6 MC.M.N.006.024.6
4 4,000 1 MC.M.N.004.004.1
4 9,000 2 MC.M.N.004.009.2
Multiplex 6 4,000 1 MC.L.N.006.004.1
Condensing 6 9,000 2 MC.L.N.006.009.2
6 18,000 2 MC.L.N.006.018.2
Low MC.L 4 4,000 1 MC.L.N.004.004.1
4 9,000 2 MC.L.N.004.009.2
4 18,000 2 MC.L.N.004.018.2
4 40,000 2 MC.L.N.004.040.2

54  COST MODEL

Manufacturer practices and industry cost structures play an important role in estimating
the cost of covered equipment. Depending on conditions in the marketplace regarding capital,
labor, and other factors, a manufacturer will choose different approaches to manufacturing
equipment, ranging from outsourcing all production to being completely vertically integrated.
DOE attempts to capture a representative view of industry economic and manufacturing
conditions in the engineering analysis. DOE’s method for estimating costs includes gathering
data through equipment disassembly, site visits, and catalogue research; and using computer
modeling to estimate material costs, labor costs, and facility costs associated with the analyzed
equipment. This computer modeling takes the form of a spreadsheet in Microsoft Excel called
the cost model: a detailed, component-focused, activity-based tool for estimating the
manufacturing cost of a product.

DOE used the cost model to develop core MPC costs (that is, the cost of components
without including design options). The core MPC costs were then incorporated into the
engineering analysis model where they were combined with additional costs associated with each
design option. The engineering analysis model received inputs in the form of the fundamental
component costs and the prices for design options implemented at and above the baseline, such
as baseline and improved glass doors and higher-efficiency lighting. These two sets of data (core
costs and design option costs) were used to build up total system costs for each representative

unit at each design option level modeled.

5.4.1

Cost Model Data

DOE gathered data for the cost model by disassembling representative walk-in
components and recording the material types and quantities and the manufacturing processes
used to assemble each component. The process of disassembling equipment is called a “physical
teardown.” DOE was not able to conduct a physical teardown on a sample of every equipment
class due to the size and complexity of walk-in equipment. DOE supplemented its physical
teardowns by conducting “virtual teardowns”—that is, by visiting multiple manufacturing
facilities to observe variability in manufacturing techniques, noting materials, purchased parts,




and labor used. Additionally, DOE conducted interviews with manufacturers to ensure the
accuracy of the WICF model’s methodology and pricing. When appropriate, a third method,
called a catalogue teardown, was used to supplement the already-gathered data. A catalogue
teardown is based on published manufacturer product literature and component data. Typically, it
uses a similar product that was torn down as a starting point, and then accounts for differences in
construction, purchased parts, etc. A catalog teardown serves the purpose of greatly expanding
the number of units and capacity ranges under consideration without the significant expense
attached to purchasing a very wide range of equipment. DOE entered all data gathered through
teardowns into a bill of materials (BOM) for each unit analyzed.

5.4.2

Cost Model Structure and Process

This section describes the process by which the cost model converts the physical
information in each product’s BOM into manufacturing cost estimates. The cost model is based
on production activities and divides factory costs into materials, labor, depreciation, and
overhead. The material costs include both raw materials and purchased part costs. The labor
costs include fabrication, assembly, and indirect and overhead (burdened) labor rates. The
depreciation costs include manufacturing equipment depreciation, tooling depreciation, and
building depreciation. The overhead costs include indirect process costs, utilities, equipment and
building maintenance, and rework. DOE lists the cost inputs of these categories in Table 5.4.1.

Table 5.4.1 Cost Model Categories and Descriptions

Major Category

Sub-Category

Description

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

Direct
. fan motors, compressors)
Material Costs - - - - —
. Material used during manufacturing (e.g., welding rods, die oil,
Indirect .
release media)
Assembly Part/unit assembly on manufacturing line
. Fabrication Conversion of raw material into parts ready for assembly
Manufacturing - - - -
. Fraction of overall labor not associated directly with product
Labor Indirect

manufacturing (e.g., forklift drivers, quality control)

Supervisory

Fraction of indirect labor that is paid a higher wage

Depreciation

Equipment, Conveyor,
Building

Straight line depreciation over expected life

Cost is allocated on a per-use basis or obsolescence, whichever is

Tooling shorter
A A fixed fraction of all material costs meant to cover electricity and
Utilities .
other utility costs
Other Overhead Maintenance Based on installed equipment and tooling investment
Property Tax and A fixed fraction based on total unit costs
Insurance

To determine material costs, DOE followed one of two different paths, depending on
whether a subassembly was purchased (out-sourced) or produced in-house. For purchased parts,
DOE gathered price quotations from major suppliers at different production volumes. For parts
produced in-house, DOE reconstructed manufacturing processes for each part using modeling
software based on internal expertise. For example, for a refrigeration system metal cover, DOE
deduced the time required for setup, handling, changeover, and punching holes, as well as the
number of holes and hits.

5-7




For this particular industry, DOE noted that manufacturers generally assembled panel
systems with a mix of raw materials (i.e., converted sheet metal, foam, etc.) and purchased parts
(i.e., fasteners, door hardware, cut-to-length seals, etc.). Refrigeration systems were generally
purchased either as complete assemblies or modified in-house using purchased parts. For the raw
materials being converted to ready-to-assemble parts, DOE estimated manufacturing process
parameters (manufacturing equipment use and time for each item, the required initial material
quantity, scrap, etc.) to determine the value of each component.

Using this process, DOE was able to assign manufacturing labor time, equipment
utilization, and other important factors to each subassembly in each of the units considered for
this analysis. The last step was to convert the information into dollar values. To perform this
task, DOE collected information on such factors as labor rates, tooling depreciation, and costs of
purchased raw materials. DOE assumed values for these parameters using internal expertise and
confidential information available to its contractors. Figure 5.4.1 provides an illustration of the
cost model methodology.

Teardown Raw Finished .
. i Materials Fabrication Materials Production
Observation | 891" ™ Processes ™ Assembl Cost
——»| Materials y >
.| Processes

Purchased Parts

Figure 5.4.1 Cost Model Methodology

In sum, DOE assigned costs of labor, materials, and overhead to each part, whether
purchased or produced in-house. DOE then aggregated single-part costs into major assemblies
(e.g., for dedicated refrigeration systems this would include packaging, condensing unit,
electrical box, condenser coil, condenser fan assembly, compressor sled assembly, unit cooler,
unit cooler coil, and unit cooler fan assembly) and summarized these costs in a spreadsheet. All
parameters related to manufacture and assembly were then aggregated to determine facility
requirements at various manufacturing scales. The final cost obtained by the cost model for each
component is the MPC, representing the total cost to the manufacturer of producing the
component.

54.3 Cost Model Assumptions

Assumptions about manufacturer practices and cost structure play an important role in
estimating the MPC of the products. DOE based assumptions about the sourcing of parts and in-
house fabrication on industry experience, information in trade publications, and discussions with
manufacturers. DOE used assumptions regarding the manufacturing process parameters, (e.g.,
equipment use, labor rates, tooling depreciation, and cost of purchased raw materials) to
determine the value of each component. The following sections describe the cost model
assumptions related to material prices, purchased parts and factory parameters.



5.4.3.1 Material Prices

DOE determined the cost of raw materials by using prices for copper, steel, and
aluminum from the American Metals Market.! DOE noted that there have been drastic
fluctuations in metal prices over the last few years. To account for these large fluctuations, DOE
used prices of metals that reflect a 5-year average of the Bureau of Labor Statistics Producer
Price Indices (PPIs) spanning 2007 to 2012.2 DOE used the PPIs for steel mill products and
copper rolling, drawing, and extruding, and adjusted to 2012$ using the gross domestic product
implicit price deflator.® For non-metal materials, such as plastics, DOE used the most current
material prices it could obtain as opposed to a 5-year average.

5.4.3.2 Fabricated Parts and Purchased Parts

DOE characterized parts based on whether manufacturers fabricated them in-house or
purchased them from outside suppliers. For fabricated parts, DOE estimated the price of
intermediate materials (e.g., tube, sheet metal) and the cost of forming them into finished parts.
DOE estimated initial raw material dimensions to account for scrap. For scrap materials that are
recyclable, DOE assigned a scrap credit that is a fraction of the base material cost (i.e., high-cost
rifled copper tubing is recycled on the basis of the scrap value for plain copper). Non-recyclable
materials incur a disposal cost for all scrap. For purchased parts, DOE estimated the purchase
price for original equipment manufacturers based on discussions with the manufacturers and
industry expertise. Whenever possible, DOE obtained price quotes directly from suppliers of the
units being analyzed. DOE assumed that the components in Table 5.4.2 were purchased from
outside suppliers.

5-9



Table 5.4.2 Purchased WICF Components

Assembly

Purchased Sub-Assemblies

Refrigeration System

Compressor

Condenser Fan Blade

Condenser Fan Motor

Condenser Coil

Filter/Dryer

Hi/Low Pressure Switch

Accumulator

Valves

Evaporator Fan Blade

Evaporator Fan Motor

Evaporator Coil

Defrost Heater Rods

TXV/EEV/Orifice

Plastic Parts

Control Boards

Capacitors, Transformers, Contactors, etc.

Oil Separator

Receiver

Non-Display Door

Hinges

Door Closing Mechanism

Latch Assembly

Gasketing

Door Sweep

Camlocks

Temperature Gauge

Heater Wire (for freezers only)

Heater Accessories (for freezers only)

Hinges

Window Glass Pack (if applicable)

Kick Plate (if applicable)

Display Door

Light Fixtures

Camlocks

Seal

Hinges

Panes of Glass

Heater Wire

Panel

Gaskets

Insulation (for board stock only)

Caulking (for panel-to-floor interface)

Sealant

As previously stated, variability in the costs of purchased parts can account for large
changes in the overall MPC values calculated. Purchased part costs can vary significantly based
on the quantities desired and the component suppliers chosen. The purchased part prices used in
this study were typical values based on estimated production volume and other factors. However,
variability in these prices would exist in reality on a case-by-case basis.

Due to the great diversity of manufacturing scale in the WICF industry, DOE estimates
that the purchased parts costs in particular could vary significantly by manufacturer. Some parts
like heat exchanger coils, control systems, and foam insulation may be produced in-house by
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some manufacturers and purchased by others, changing likely overall system costs and
investment requirements.

DOE also made several assumptions regarding the purchase costs of control systems,
including defrost control, fan motor control, and floating head pressure control. In surveying
manufacturers and suppliers, DOE determined that the cost of these components varies widely
among manufacturers and suppliers. Often, several of these functions are packaged together into
a single control system. Most manufacturers and suppliers apply a significant markup to these
control systems—both single-function and multi-function—that can be many times that of the
components used to make them; this markup accounts for the labor and, more importantly, the
expertise of the maker of these parts. The costs used in the engineering model reflect the price
DOE estimated that a manufacturer in the walk-in industry would pay to purchase the controls
from a supplier. DOE recognizes that a walk-in manufacturer who makes these components in-
house would not see the same cost, yet would be able to charge a premium to the purchaser.

5.4.3.3 Factory Parameters

Certain factory parameters, such as fabrication rates, labor rates, and wages, also affect
the cost of each unit produced. DOE factory parameter assumptions were based on internal
expertise and manufacturer feedback. Table 5.4.3 and Table 5.4.4 list the factory parameter
assumptions used in the cost model. These assumptions are generalized to represent typical
production and are not intended to model a specific factory.

Table 5.4.3 Factory Parameter Assumptions, Refrigeration Equipment

Parameter Estimate
Nameplate Production Capacity (units/year) 15,000
Actual Annual Production Volume (units/year) 12,000
Work Days Per Year (days) 250
Fabrication Shifts Per Day (shifts) 2.5
Assembly Shifts Per Day (shifts) 2
Fabrication Labor Wages ($/hr) 16
Assembly Labor Wages ($/hr) 16
Burdened Fabrication Labor Wage ($/hr) 24
Burdened Assembly Labor Wage ($/hr) 24
Fabrication Worker Hours Per Year 4,500
Assembly Worker Hours Per Year 3,600
Supervisor Span (workers/supervisor) 25
Supervisor Wage Premium (over fabrication and assembly wage) 30%
Fringe Benefits Ratio 50%
Indirect to Direct Labor Ratio 33%
Length of Shift (hr) 8
Worker Downtime 10%
Units Per Day 48
Average Equipment Installation Cost (% of purchase price) 10%
Average Scrap Credit (relative to base material cost) 30%
Non-recyclable Trash Cost ($/1b) 0.01
Building Cost ($/ft%) 178
Building Life (in years) 25
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Table 5.4.4 Factory Parameter Assumptions for Panels, Display Doors, and Non-Display
Doors

Parameter Estimate
Name-plate Production Capacity (complete walk-ins/year) 15,000
Actual Annual Production Volume (complete walk-ins/year) 12,000
Work Days Per Year (days) 250
Fabrication Shifts Per Day (shifts) 2.5
Assembly Shifts Per Day (shifts) 2
Fabrication Labor Wages ($/hr) 16
Assembly Labor Wages ($/hr) 16
Burdened Fabrication Labor Wage ($/hr) 24
Burdened Assembly Labor Wage ($/hr) 24
Fabrication Worker Hours Per Year 4,500
Assembly Worker Hours Per Year 3,600
Supervisor Span (workers/supervisor) 25
Supervisor Wage Premium (over fabrication and assembly wage) 30%
Fringe Benefits Ratio 50%
Indirect to Direct Labor Ratio 33%
Length of Shift (hr) 8
Worker Downtime 10%
Panels, Display Door, and Non-Display Doors Per Day 48
Average Equipment Installation Cost (% of purchase price) 10%
Average Scrap Credit (relative to base material cost) 30%
Non-recyclable Trash Cost ($/1b) 0.01
Building Cost ($/ft%) 170
Building Life (in years) 25

54.4 Manufacturer Selling Price Estimates

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, other costs
such as research and development, and the manufacturer’s profit. The components of MSP are
shown in greater detail in Figure 5.4.2. The cost of freight from the manufacturer to the first
party in the distribution chain is captured in the non-production cost under “other costs.”

i

Full Cost of Production

e L\

MSP

Manufacturer Production Costs Non-Production Costs Profit
Selling,
. . General, and Research &
Direct ]| Direct Overhead||Depreciation||[|Administrative||| Development Other EBIT
Labor |[Material Costs
Costs Costs

Figure 5.4.2 Components of Manufacturer Selling Price

5-12



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

MSP = MPC x markup + shipping
Eq.5.1

The markup and shipping cost are described in the following subsections.
54.4.1 Manufacturer Markup

DOE determined a manufacturer markup for each component and applied this markup to
the MPC to arrive at the MSP for each equipment class. Wholesaler, distributor, and other
markups are determined in the markups analysis (see chapter 6 of the TSD).

The component markups are not intended to represent the exact markup on any specific
model or piece of equipment, or for any particular manufacturer. The cost of specific models—or
cost to an individual manufacturer to produce walk-in cooler or freezer equipment—will vary
depending on the equipment’s precise design and features, actual manufacturing processes, the
equipment mix in the factory, and other production factors. There are also considerable
differences in the levels of vertical integration that affect cost structure and hence the cost of
equipment. Companies with a large market share and/or revenue base tend to be more vertically
integrated than lower-volume competitors. These factors could affect the markups for specific
equipment. Therefore, DOE’s estimated markups represent a market-share-weighted average
value for the industry. DOE developed the following estimates for markups for each component.

Table 5.4.5 Manufacturer Markups

Panels 1.32
Display Doors 1.62
Non-Display Doors 1.5

Refrigeration Systems 1.35

For more details on how the manufacturer markups were calculated, see chapter 12 of the
TSD.

5.4.4.2 Shipping Costs

For this rulemaking, incoming and outgoing freight were accounted for since they have a
significant impact on production and shipping costs due to the large physical volume of WICF
panels. Most manufacturers, when ordering component equipment for installation in their
particular manufactured product, do not pay for shipping costs. Additionally, most panel, display
door, and non-display door manufacturers use less than truck load freight to ship their respective
components. Manufacturers typically do not mark up shipments for profit, and instead include
the cost of shipping as part of the price quote. DOE estimated freight costs by researching
shipping rates and by interviewing manufacturers of the covered equipment. The freight cost for
panels and non-display doors was based on the thickness of the insulation and is described in
detail in section 5.5.5.1. The total shipping cost per display door was calculated as the sum of the
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fuel cost and base shipping cost. Table 5.4.6 lists the average fuel cost per square foot of display
door surface area and average base shipping cost per square foot of display door surface area.

Table 5.4.6 Display Door Shipping Costs
Fuel Cost ($/ft%) 0.21
Base Shipping Cost ($/ft) 0.87

545 Panel, Display Door, and Non-Display Door Design Option Costs

As previously mentioned, design option costs were developed independently of costs for
the fundament component cost. These costs 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, lighting, anti-sweat heater
controls, and lighting sensors. 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.

545.1 Light-Emitting Diode Price Forecasting

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”). 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 display doors 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 walk-in display doors 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 in 2012$ as the LED design option
cost.
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5.4.6 Downstream Analyses

The MSPs derived in the engineering analysis are inputs to the life-cycle cost analysis
(LCC) and the manufacturer impact analysis (MIA). In the LCC, the MSPs are necessary to
calculate the total installed cost of each unit. In the MIA, DOE constructs a number of scenarios
that analyze how different pricing schemes impact manufacturers financially. Hence, both the
MSP and the direct production cost components of MSP are important drivers of results in the
MIA. In chapters 8 and 12 of the TSD, respectively, DOE discusses how the engineering analysis
results are used for those sections in greater detail.

5.5 ENERGY MODEL

The energy model is the second of the two key analytical models used in the engineering
analysis. The purpose of the model is to analyze advanced technologies and designs that
manufacturers could use to meet energy conservation standards. Manufacturers must use the test
procedure to rate their equipment when certifying compliance with energy conservation
standards. Therefore, the energy model attempts to find the rated performance of the equipment
as it would be determined by the test procedure, using the same calculations and rating
conditions. The model is not designed to capture performance under any conditions other than
the rating conditions and does not analyze any technologies that would not help manufacturers
improve the rated performance of their equipment. Other technologies have also been excluded
from the analysis on the basis of DOE’s four screening criteria, explained in chapter 4 of the
TSD.

Although termed the “energy model” for conciseness, this model calculates expected
equipment ratings in terms of the metric on which the standards for each component are based:
U-factor of panels, energy consumption of display and non-display doors, and annual walk-in
energy factor (AWEF) of refrigeration systems. DOE developed the energy model as a Microsoft
Excel spreadsheet.

For a given equipment class, the model estimates performance of baseline equipment and
levels of performance above the baseline corresponding to design options that are added to the
baseline equipment. For the baseline level, DOE calculated a corresponding MPC using the cost
model (described in section 5.4). For each level above the baseline, DOE used the cost increases
of the various design options to recalculate the MPC.

The final output of the energy model is a cost-efficiency curve for each analysis point in
each equipment class, for each component analyzed. A cost-efficiency curve plots the added cost
versus improved performance for each design option added to baseline equipment. Each design
option is added to the baseline in order of efficacy—that is, the greatest improvement in
performance for the least cost, because DOE expects that to meet an energy standard,
manufacturers will implement options that will give them the greatest improvement in
performance for the lowest cost to manufacture. DOE emphasizes that manufacturers are not
required to use the options it identified, and may not necessarily implement options in the order
that DOE predicted; manufacturers may use any design or combination of designs to meet the
energy conservation standards. The energy model is simply a tool that DOE has developed to
predict performance improvements of certain design options or combinations thereof.
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As an example, Figure 5.5.1 shows the cost-efficiency curve for the small cooler display
door analysis point (see section 5.3.1 for a list of all analysis points for each class). The baseline
is the point with the highest energy consumption at the lowest cost. The slope of the line between
each subsequent point represents the decrease in energy consumption and the increase in cost
associated with adding that design option to the equipment represented by the previous point. In
other words, the design options are added cumulatively. Design options are added in order of
increasing slope; i.e., decreasing efficacy (less energy saved per dollar). The point with the
lowest energy consumption and the highest cost represents the maximum energy savings that can
be achieved for this unit using the available design options: that is, the “max-tech” level.

$2,500

€®  <«— Max-tech

$2,000

$1,500
Baseline

$1,000

$500

T T T T T T T T [ T T T T [ T T T T ] T T T
7

Manufacturer Production Cost [$]

$0 1 1 1 1
0.0 2.0 4.0 6.0 8.0 10.0

Daily Energy Consumption [kWh/day]

Figure 5.5.1 Cost-Efficiency Curve for Small Cooler Display Door

The following sections describe the overall structure of the energy model, baseline
characteristics of the covered equipment, design options that can be added to baseline equipment
to improve performance, and all assumptions DOE made in implementing the energy model.

55.1 Model Structure: Panels

Figure 5.5.2 shows the structure of the energy consumption model used in the panel
engineering analysis. The panel model calculates the long-term U-factor, which represents the
conductivity of heat through the panel.
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Figure 5.5.2 Overview of Panel Engineering Analysis Calculations

A panel’s overall long-term U-factor is determined by the long-term thermal resistance of
the foam area and the thermal resistance of the frame area. DOE obtained data from a
confidential source on the long-term thermal resistance of foam and estimated the thermal
resistance of the framing material from market research. From thermodynamic principles, it was
determined that heat flows through the foam and framing materials in parallel, so DOE used this
method to calculate the overall U-factor of a walk-in panel. The overall thermal transmittance, R,
of materials with parallel heat transfer is the found using equation 5.2, where R; and Rt represent
the area weighted thermal resistance of the insulation material and framing material,
respectively. The overall U-factor is calculated as the inverse of the overall thermal resistance.

p-t_1. 1
R R R,

Eqg.5.2
Where:

U = the overall thermal transmittance,

R= the overall thermal resistance,

R; = the area weighted thermal resistance of the insulation, and
Rt = the area weighted thermal resistance of the framing material.

55.2 Model Structure: Doors

Figure 5.5.3 and Figure 5.5.4 show the structure of the energy consumption model used
in the display door and non-display door engineering analysis, respectively. The display door and
non-display door models calculate energy consumption through two major pathways: heat load
and electrical energy consumption, which are further broken out by the underlying components
or physical characteristics. The following subsections describe the heat load and electrical energy
consumption calculations in detail. DOE also explains its method for converting heat load into
energy consumption using an assumed value for refrigeration efficiency.
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Figure 5.5.3 Overview of Display Door Engineering Analysis Calculations
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Figure 5.5.4 Overview of Non-Display Door Engineering Analysis Calculations
55.2.1 Display Door Heat Conduction Load

To determine the U-factor of the display doors used in the analysis, DOE used Lawrence
Berkeley National Laboratory’s (LBNL’s) WINDOW 6.3? program, a widely used and verified
tool for calculating performance of glass doors. DOE modeled each of the representative door
sizes both at the baseline level and with the design options listed in chapter 4 of the TSD. The U-
factor was affected by both the size of the door and the design option characteristics (e.g., panes
of glass). Each display door U-factor was combined with the temperature difference and surface
area of the display door to determine the conduction heat load.

5.5.2.2 Non-Display Door Heat Conduction Load

In order to determine the conduction heat load for non-display doors, DOE first
calculated an overall R-value for the non-display door. The overall R-value was determined by
combining the R-value of the framing material, the R-value of the foam, and the R-value of the

2 http://windows.lbl.gov/software/window/6/index.html.
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door’s window. The R-value of the door window was calculated using WINDOW 6.3. DOE
obtained data from a confidential source on the long-term thermal resistance of foam and
estimated the thermal resistance of the framing material from market research. DOE calculated
the overall thermal resistance of the door using equation 5.3, given that heat flows through the
framing material, foam, and window in parallel. In equation 5.3, R, R¢, and R,y represent the
area weighted thermal resistance of the insulation material, framing material, and window. DOE
used the overall R-value, the surface area of the door, and the temperature difference to calculate
the conduction heat load for the baseline door and each design option.

Eq.5.3
Where:

R = the overall thermal resistance of the non-display door,

R; = the area weighted thermal resistance of the insulation,

Rt = the area weighted thermal resistance of the framing material, and
Rw = the area weighted thermal resistance of the window.

5.5.2.3 Anti-Sweat Heater Electrical Load

Resistive heater wire is rated in units of watts per square foot. For a given display door or
non-display door window, the glass surface area is calculated and multiplied by the wire rating to
compute the total electrical load per door. The amount of time per day that the wire is powered is
calculated using the assumed percent time off (PTO) corresponding to whether an anti-sweat
controller is selected or not. In addition, more insulative glass packs require less heater wire so
the amount of heater wire on the display door or window changes based on the design option
level. With total wattage and operation time per day, the total energy consumption in kilowatt-
hours per day is then directly calculated.

5.5.2.4 Lighting Electrical Load

The lighting electrical load in kilowatt-hours per day associated with display doors is
calculated using the rated power of the light and assumptions about PTO based on the
corresponding control system design option.

5.5.2.5 Additional Heat Load Due to Electrical Device Waste Heat

The walk-ins test procedure states that all electrical devices located on the interior face of
the display or non-display door contribute an additional heat load to the door. The additional heat
load equals 75 percent of the rated electrical energy consumption of such devices. DOE assumed
that anti-sweat heater wire and display lighting are located on the internal face of a display door
and contribute an additional heat load to the door’s energy consumption. Anti-sweat heater wire
is the only electrical device located on non-display doors and is also assumed to contribute an
additional heat load to the door.
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5.5.2.6 Energy Efficiency Ratio

In order to estimate the associated refrigeration equipment energy consumption due to the
envelope energy losses, DOE implemented the use of refrigeration equipment energy efficiency
ratio (EER). The EER represents the energy performance of refrigeration equipment as a ratio of
units of thermal energy removed from the conditioned walk-in space to units of electrical energy
input (to operate refrigeration compressors, fans, etc.). Therefore, this ratio represents an
efficiency of the refrigeration equipment. The EER is not meant to represent the actual efficiency
of the actual refrigeration system that would be paired with the component.

DOE assumed two different EER values that correspond to medium and low temperature
refrigeration systems of 12.4 Btu/W-h and 6.3 Btu/W-h, respectively. The EER values are based
on values specified in the WICF test procedure final rule. 76 FR 21580, April 15, 2011.
Depending on the walk-in temperature corresponding to the component being analyzed, the
envelope engineering analysis model selects the appropriate EER to convert the thermal energy
into units of electrical energy used.

The EER value is applied to the total heat load of display and non-display doors. For
display doors, this includes the heat lost through conduction, the heat from anti-sweat heater
wire, and the heat from all display lighting. For non-display doors, the total heat load is the sum
of the anti-sweat heater wire load and the heat lost through conduction. The total heat load is
divided by the appropriate EER value to determine the amount of energy consumed by the walk-
in refrigeration equipment in order to cool the total heat load. The energy consumed by the
refrigeration equipment is converted to kilowatt-hours per day and added to the energy
consumed by any electrical devices associated with the display or non-display door.

55.3 Model Structure: Refrigeration

The energy model for refrigeration systems analytically calculates AWEF using the same
methodology as the test procedure. In the test procedure, the refrigeration system is tested under
certain conditions to determine steady state capacity and power. Then an assumed non-
refrigeration load attributed to the envelope is calculated. This methodology assumes that the
refrigeration system is sized to the expected load, allowing refrigeration systems to be compared
with each other even when the tester does not know the characteristics of the envelope with
which the refrigeration system will ultimately be paired. From the steady state power, the
capacity, and the expected load profile, the AWEF can be calculated.

Figure 5.5.5 and Figure 5.5.6 present schematics showing the components in the energy
model for dedicated condensing systems and unit coolers connected to multiplex condensing
systems, respectively.
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Figure 5.5.5 Energy Model for Dedicated Condensing Systems
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Figure 5.5.6 Energy Model for Unit Coolers Connected to Multiplex Condensing Systems

In general, the model uses a whole-system approach to analyzing the refrigeration
system. The model finds the refrigerant properties (pressure, temperature, enthalpy, and entropy)
at several points in the system: compressor entrance, compressor exit, condenser entrance,
condenser exit, evaporator entrance, and evaporator exit. If one component is changed—for
instance, the condenser—the refrigerant properties at each point are adjusted accordingly. In this
way, interactive effects of certain design options can be determined.

55.3.1 Net Capacity

The net capacity is calculated as the gross capacity of the system, less the heat given off
by the evaporator fans when the compressor is running. Defrost heat is not considered in the
calculation of net capacity because it is measured with a separate test, and would not be
accounted for in the test procedure during the test of net capacity.

For dedicated condensing systems, the gross capacity is calculated as follows. First, the
evaporator capacity is fixed at the target capacity of the system, which can be determined from
the last three characters of the analysis point code that indicate the capacity in kBtu/h. For
example, DC.M.O.HER.006 has a target capacity of 6 kBtu/h, or 6000 Btu/h. Second, the
compressor capacity needed to maintain the target capacity is calculated. This compressor
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capacity is the target capacity plus an extra 4 percent of the target capacity, which accounts for
the suction line heat gain—that is, heat conducted from the ambient air to the refrigerant through
the wall of the refrigerant pipe that runs between the evaporator exit and the compressor
entrance. For multiplex condensing systems, the gross capacity is the same as the target capacity.
The compressor capacity is not relevant to the walk-in capacity calculation because for multiplex
condensing systems, the compressor system is connected to multiple pieces of equipment and
therefore its available capacity is split among this equipment.

The system net capacity is calculated as the gross capacity minus the heat produced when
all evaporator fans are running. Because the evaporator fans and fan motors are located fully
inside the walk-in, all input power to the fans is eventually converted to heat inside the walk-in;
therefore, the heat produced by the evaporator fans is calculated as the evaporator fan input
power in watts converted to Btu/h by the conversion factor 3.412 Btu/h per watt. For a discussion
of how the evaporator fan input power is calculated, see the following section.

55.3.2 On-Cycle System Power

For dedicated condensing systems, the on-cycle system power is the sum of the
compressor power, the on-cycle evaporator fan power, and the condenser fan power.

Compressor Power

Compressor power is calculated by using the compressor model described in section 6.4
of American Heating and Refrigeration Institute (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 saturated evaporator temperature (SET) and saturated condenser
temperature (SCT). Compressor coefficients, or tabulated empirical data (from which
coefficients can be derived), are available from compressor manufacturers. DOE researched
available compressors in the range of capacities that would likely be used in walk-in equipment
and downloaded compressor performance data.

Some of the rating conditions in AHRI 540 are different from those in AHRI 1250, the
rating method for walk-in refrigeration systems; in particular, the return gas temperature (that is,
the temperature of the refrigerant entering the compressor) is different for some types of
equipment. DOE adjusted the compressor performance data to be consistent with the rating
conditions in AHRI 1250.

The result of the compressor research is a database of compressor data in the energy
model for refrigeration systems. The database contains a set of compressors in the capacity range
for the covered equipment. DOE also assigned a cost for each compressor that was based on an
analysis of available cost data, accounting for approximate purchase quantities. DOE plotted
known costs against the baseline capacity of specific sets of compressor models where each set
corresponds to a single type (hermetic, scroll, or semi-hermetic) at a temperature (medium or
low) and determined a trendline for each set, thus calculating an average cost versus capacity for
each compressor set. Then for all other compressors in the database corresponding to the same
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type and temperature, the expected cost was determined from the capacity using the cost versus
capacity relationship defined by the trendline for the subset of known costs.

For each analysis point—that is, each individual refrigeration system analyzed—the
model calculates the compressor power and cost using the compressor database, as follows. First,
the gross capacity is calculated using the method described previously in section 5.5.3.1. Then,
for each analysis point, the model chooses from the database the compressor model with the
lowest capacity that is higher than the target capacity and the compressor model with the highest
capacity that is lower than the target capacity, where the compressor capacity is calculated using
the 10 capacity coefficients, the SET, and the SCT. For the two compressor models selected, the
power is also calculated using the 10 power coefficients, the SET, and the SCT; and each
compressor model also has an assigned cost in the database. Then, the model linearly interpolates
between the two compressors—the higher and the lower model—to estimate the power and cost
of a compressor at the target capacity. DOE interpolates the power and cost instead of using the
power and cost of the compressor with the next highest capacity from the target capacity,
because if only a single compressor from the database is used when analyzing a refrigeration
system, incremental changes in the SET and SCT could cause large jumps in observed
compressor power and cost for that refrigeration system if a different compressor model is
chosen under the different conditions. DOE recognizes that, in reality, compressors are only
available in discrete capacities, but accounts for this in the energy use analysis (chapter 7 of the
TSD) as an overall “mismatch factor” that is averaged over the set of equipment analyzed.

Evaporator Fan Power

The energy model calculates the on-cycle evaporator fan input power as the output power
in horsepower, converted to watts, divided by the fan efficiency. DOE assumed that the
evaporator fans run at full speed continuously while the compressor is on.

Condenser Fan Power

The condenser fan power is also calculated as the output power in horsepower, converted
to watts, divided by the fan efficiency. DOE assumed that the condenser fans run at full speed
continuously while the compressor is on. At low ambient temperatures (59 °F and 35 °F), this
increases the amount of heat transferred from the coil to the air, which increases the capacity of
the system correspondingly. The energy model calculates the increase in capacity using the
following equations:

Qref = Qair

Eq.5.4
Where:
Q.= heat transferred from the refrigerant, and

heat transferred to the air.

Qair
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Qref = r‘href x (hz - h3)

Eq.5.5
Where:
m,; = mass flow rate of refrigerant,
h, = enthalpy (embodied heat energy) of the refrigerant at condenser entrance, and
hs; = enthalpy of the refrigerant at condenser exit.
Qair = mair X Cp,air X (DAT - amb)
Eq. 5.6
Where:
m,, = mass flow rate of air,

air
C,..ir = Specific heat of air,

DAT = discharge air temperature (i.e., temperature of air after it is blown across the condenser),
and

amb = ambient air temperature (i.e., temperature of air at condenser entrance).

With a higher capacity, the system does not need to run as often to reject the same
amount of heat from the walk-in at low temperatures. The effect is accounted for in the load
factors, discussed in section 5.5.3.4. System efficiency can be improved by varying the speed of
the fans instead of cycling them; this effect is explained in section 5.5.6.5.

System Power for Unit Coolers Connected to Multiplex Condensing Systems

For multiplex condensing systems, the power attributed to the unit cooler is calculated by
assuming a certain efficiency, or EER, for the multiplex system. In this case, the EER is assumed
to be constant throughout the year, so energy consumption per day is multiplied by 365 to get
annual energy consumption. The test procedure provides default tables of EER values for both
medium and low temperature systems. The EER values are expressed in British thermal units
(Btu) of heat rejection per Watt-hour (Wh) of energy used, as a function of adjusted dew point
temperature. AHRI 1250-2009, the test procedure for refrigeration systems, provides that the
adjusted dew point temperature for a medium temperature system shall be 19 °F and shall be -26
°F for a low temperature system, unless the unit cooler is rated at a suction dew point other than
19 °F for a refrigerator or -26 °F for a freezer, in which case the adjusted dew point value shall
be 2 °F less than the unit cooler rating suction dew point. In this model, DOE used the EER
values corresponding to an adjusted suction dew point temperature of 19 °F for medium
temperature systems and -26 °F for low temperature systems.

5.5.3.3  Other Power Calculations

Other power calculations in the model include off-cycle evaporator fan power and defrost
power, both of which contribute to the annual energy use of the refrigeration system.
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Off-Cycle Evaporator Fan Power

Off-cycle evaporator fan power is calculated in the same manner as on-cycle fan power:
that is, the output power in horsepower, converted to watts, divided by the fan efficiency. For
more discussion on the frequency of operation of evaporator fans during the off-cycle period, see
section 5.5.6.7.

Defrost Power

For low temperature systems that use electric defrost, manufacturers typically publish the
wattage of the defrost heater. DOE examined typical defrost wattages for the range of systems
being analyzed, and assigned a reasonable baseline defrost power value to each analysis point.
The average defrost power consumption per hour was calculated based on the total energy
consumed during all defrost periods over the course of the day divided by 24 hours. The number
of defrost periods per day depends on the defrost design option selected, as explained in section
5.5.6.8, while the energy consumed during a single defrost period depends on the defrost wattage
and defrost time. DOE assumed that all electric defrost systems were temperature-terminated,
that is, the defrost ends when the coil reaches a certain temperature above freezing (assumed to
be 45 °F). The energy model calculates the defrost time in three parts: time for the coil to warm
from its original temperature (the SET; -10 °F for low temperature systems) to the melting
temperature of ice (32 °F), time to melt the ice, and time for the coil to warm from 32 °F to the
cutoff temperature of 45 °F.

The defrost time depends on the useful defrost heat generated, which is the defrost
wattage converted to heat energy using the conversion of 3.412 Btu/h per watt, and accounting
for convection losses. Convection losses refer to heat that dissipates into the walk-in and is not
directed towards the coil itself. These losses occur because an electric defrost mechanism often
takes the form of heater rods that are attached to the evaporator coil. Because the rods do not
fully contact the coil, some heat produced by the rods escapes to the air surrounding the
evaporator coil. DOE assumed that 60 percent of the heat produced by the defrost heater rods
would be lost as convection.

The useful defrost heat generated is then used in the model’s calculation for defrost time.
The time it takes to warm the coil from -10 °F to 32 °F and from 32 °F to 45 °F is calculated
using the following equation:

t=(My XCp + Mg, XCqy ) XAT / Qe
Eq. 5.7

Where:

t= defrost time,

ma = mass of aluminum in coil,

ca = specific heat of aluminum,

Mcy = mass of copper in coil,

Ccu = specific heat of copper,

AT = temperature difference between the higher and the lower temperature, and
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Qg = useful defrost heat generated.

Typical coils have aluminum fins and copper tubes. For each analysis point, DOE
calculated the expected mass of aluminum based on the coil size and the fin thickness and
spacing, and the expected mass of copper based on the tube length, size, wall thickness, and
spacing.

The time it takes to melt the ice on the coil at 32 °F is calculated using the following
equation:

t= mice x hfus /Qdef
Eq. 5.8

Where:

t= time to melt the ice,
Mice = mass of the ice accumulated on the coil, and
hws = latent heat of fusion of ice (143.5 Btu/lb).

The mass of the ice accumulated on the coil over the course of the defrost cycle depends
on the length of the cycle, the amount of water vapor infiltrated into the walk-in, and the
humidity, or amount of water contained in the air. As a worst-case scenario, DOE assumed that
all water in the infiltrated air would end up as ice on the coil over the course of the cycle.
Therefore, the mass of frost on the coil (mice) is equal to the amount of water vapor in the
infiltrated air. The amount of water vapor entering the walk-in during a defrost cycle can be
calculated using the following equation:

rT.]water = I’ﬁdry x (a)o - a)i)
Eqg. 5.9
Where:
Myater = mass flow rate of water vapor,
My, = mass flow rate of dry air,
= humidity ratio of air infiltrating into the walk-in from outside, and
W, = humidity ratio of air after it has been cooled inside the walk-in.

The humidity ratios can be found on a psychrometric chart given the rating temperatures
and relative humidities from the test procedure. The mass flow rate of dry air can be calculated
as:

rhdry = (Av)air /((ﬁl M)X (T/ pa))
Eq.5.10
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Where:

(AV),;, = volumetric flow rate of air, known from test procedure conditions,

R = universal gas constant (1545 ft - Ibf/lomol - °R),

M = molecular weight of air (28.97 Ibf/lbmol),

T =temperature of infiltrated air in °R (°F + 459.67), known from test procedure conditions, and
pa = atmospheric pressure of air (14.453 psi, converted to Ib/ft* to be consistent with other units).

5.5.3.4 Load Factors

The load factors represent the fraction of the time that the compressor is running at both a
“high-load” period and a “low-load” period. The high-load period corresponds to the time during
the day when the walk-in experiences a high heat load due to product being stored in the walk-in,
employees entering and leaving, etc. The low-load period corresponds to the time during the day
when the walk-in is not being accessed, and experiences a low heat load: night, off-business
hours, etc. Consistent with the calculations in the test procedure, the energy model assumes that
1/3 of the time is experienced at a high load and 2/3 at a low load. The corresponding load
factors, LFH (load factor at high load) and LFL (load factor at low load) are calculated from the
heat load on the walk-in at a high and low period respectively (including non-refrigeration heat
load, evaporator fan heat load, and defrost heat load), and the net capacity of the refrigeration
system to reject this load. This determines how frequently the compressor must run at a high and
low period.

WLH (t.
LFH = ———3~ )

SS\™j

(if WLH (t,) > g (t;), LFH =1)

Eq.5.11
WLL(t;)

sS\*j

LFL = (if WLL(t,) > . (t,), LFL=1)
Eq.5.12

Where:

WLH = heat load on the walk-in at a high period,
WLL= heat load on the walk-in at a low period, and
Oy = net capacity.

WLH and WLL include all heat loads on the walk-in: non-refrigeration heat load,
evaporator fan heat load, and defrost heat load:

WLH (t;) = BLH (t;) +3.412x EF, (1-LFH)+Q,

comp,off

Eq.5.13

WLL(t;) = BLL(t;)+3.412x EF, o (1— LFL) + Q4
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Eq. 5.14

Where:

BLH = non-refrigeration heat load at a high load period,

BLL = non-refrigeration heat load at a low load period,

EFCOWoff = evaporator fan motor power in watts (multiplied by 3.412 Btu/h/W to get heat
load), and

Q, = defrost heat load.

(The on-cycle evaporator fan motor heat is not included in this equation because it is already
accounted for in the net capacity.)

The non-refrigeration heat loads are derived from the net capacity and, for outdoor units,
an assumed temperature profile. As discussed above, this is because the methodology assumes
that the refrigeration system is sized to the expected load, allowing refrigeration systems to be
compared with each other even when the tester does not know the characteristics of the envelope
that the refrigeration system will ultimately be paired with.

55.4 Baseline Equipment

For each representative equipment class and size selected, DOE identified a specific
panel, display door, non-display door, and refrigeration unit as a fundamental design against
which it would apply changes to improve the component’s efficiency. DOE chose the least
efficient component in each equipment class to be analyzed as the baseline model. Because there
are no existing minimum energy conservation standards for walk-ins, the baseline efficiency was
selected after reviewing products available in the current market. All baseline equipment was
selected to meet the existing prescriptive standards. DOE defined specifications for each baseline
unit that include, where applicable, dimensions, numbers of subcomponents, nominal power
ratings, and other features necessary to calculate the performance for each unit. DOE established
baseline specifications for each of the equipment classes modeled in the engineering analysis by
reviewing available manufacturer data, selecting several representative units from available
manufacturer data, and then aggregating the physical characteristics of the selected units. This
process created representative units of varying sizes for each equipment class with typical
characteristics for physical parameters (e.g., wall area of panels), and baseline performance for
energy-consuming components.

Table 5.5.1, Table 5.5.2, Table 5.5.3, Table 5.5.4, and Table 5.5.5 show the baseline
specifications and calculated performance rating for panels, display doors, non-display doors,
dedicated condensing refrigeration systems, and multiplex condensing refrigeration systems,
respectively. Each performance rating below was determined though DOE’s engineering
analysis. As mentioned previously, performance ratings are expressed in terms of the metric on
which the standards for each component are based: U-factor of panels, energy consumption of
display and non-display doors, and AWEF of refrigeration systems.
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Table 5.5.1 Specifications and Ratin

s of Baseline Panels

Analysis Point Insulation Insulation Material | Framing Material Baseline U-factor
Thickness Btu/h-F-ft*
SP.M - Small 3.5 inches Polyurethane Wood 0.082
SP.M - Medium 3.5 inches Polyurethane Wood 0.061
SP.M - Large 3.5 inches Polyurethane Wood 0.056
SP.L - Small 4 inches Polyurethane Wood 0.0735
SP.L - Medium 4 inches Polyurethane Wood 0.054
SP.L - Large 4 inches Polyurethane Wood 0.050
FP.L - Small 3.5 inches Polyurethane Wood 0.071
FP.L - Medium 3.5 inches Polyurethane Wood 0.059
FP.L - Large 3.5 inches Polyurethane Wood 0.054

Table 5.5.2 Specifications and Ratings of Baseline Display Doors

Equipment Class Glass Pack Anti-Sweat Lighting Characteristics Baseline Energy
Heater Control Use
kWh/day
. 5 ft T8 Electronic, Normal
Cooler Display 2 panes, hard coat No Control Lumen Blub, Normal BF 2.5
Door- Small low-e, argon fill .
Electronic Ballast, No Sensor
. 5 ft T8 Electronic, Normal
ggglﬁr,\%fﬁllﬁ/ 2 par;(z,OZafrﬁlcoat, No Control Lumer_1 Blub, Normal BF 2.9
Electronic Ballast, No Sensor
. 6ft T8 Electronic, Normal
CB%?:_?_';%'? 2 par;iz,()r;afrﬁlcoat, No Control Lumer_1 Blub, Normal BF 3.8
Electronic Ballast, No Sensor
Freezer Display 3 panes, no low-e 5 ft T8 Electronic, Normal
Door- Small coating, argon fill Control Lumer_l Blub, Normal BF 5.2
’ Electronic Ballast, No Sensor
Freezer Display 3 panes, no low-e 5ft T8 Electronic, Normal
Door - Medium coating, argon fill Control Lumer_l Blub, Normal BF 6.5
’ Electronic Ballast, No Sensor
Freezer Display 3 panes, no low-e 6 L T8 Electronic, Normal
’ Control Lumen Blub, Normal BF 8.5

Door - Large

coating, argon fill

Electronic Ballast, No Sensor
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Table 5.5.3 Specifications and Ratings of Baseline Non-Display Doors

Equipment Insulation Insulation Framing Window Glass Anti-sweat Baseline
Class Thickness Material Material Pack Heater Energy Use
Control kWh/day

PD.M - Small 3.5inches | Polyurethane Wood 2 panes, hard coat No Control 0.30
low-e, argon fill

PD.M - Medium | 3.5inches | Polyurethane Wood 2 par;er;,ot;]afrﬁlcoat, No Control 0.32

PD.M - Large 3.5inches | Polyurethane Wood 2 pagiz,of:]afrﬁ Icoat, No Control 0.36

PD.L - Small 4 inches Polyurethane Wood 3 panes, no Iow_—e No Control 7.1
coating, argon fill

PD.L - Medium 4 inches Polyurethane Wood 3 panes, no Iow_—e No Control 7.8
coating, argon fill

PD.L - Large 4 inches Polyurethane Wood 3 panes, no Iow_—e No Control 9.0
coating, argon fill

FD.M - Small 3.5inches | Polyurethane Wood 2 panes, hard coat No Control 0.39
low-e, argon fill

FD.M - Medium | 3.5inches | Polyurethane Wood 2 par;iz,of:]a;ﬁlcoat, No Control 0.65

FD.M - Large 3.5inches | Polyurethane Wood 2 par;erz,ol:]a;ﬁ Icoat, No Control 0.73

FD.L - Small 4 inches Polyurethane Wood 3 Panes, no Iow_—e No Control 10.3
coating, argon fill

FD.L - Medium 4 inches Polyurethane Wood 3 Panes, no Iow_—e No Control 13.7
coating, argon fill

FD.L - Large 4 inches Polyurethane Wood 3 panes, no low-e No Control 15.6

coating, argon fill
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Table 5.5.4 Specifications and Ratings of Baseline Refrigeration Units (Dedicated

Condensing)

Analysis Point Saturated | Condenser # of Saturated | Evaporator # of Baseline

Condensing | Fan Power | Condenser | Evaporating | Fan Power | Evaporator | AWEF

Temp. hp Fans Temp. hp Fans Btu/W-h

OF OF

DC.M.I.HER.006 115 1/15 1 25 1/15 1 3.78
DC.M.I.HER.018 115 1/15 2 25 1/15 2 452
DC.M.I.SCR.018 115 1/15 2 25 1/15 2 4.68
DC.M.I.SCR.054 115 1/3 1 25 1/4 2 4.49
DC.M.I.SCR.096 115 1/3 2 25 1/4 2 4.08
DC.M.1.SEM.006 115 1/15 1 25 1/15 1 4.44
DC.M..SEM.018 115 1/15 2 25 1/15 2 4.36
DC.M.1.SEM.054 115 1/3 1 25 1/4 2 4.70
DC.M.1.SEM.096 115 1/3 2 25 1/4 2 4.33
DC.M.0.HER.006 115 1/15 1 25 1/15 1 4.16
DC.M.0.HER.018 115 1/15 2 25 1/15 2 491
DC.M.0.SCR.018 115 1/15 2 25 1/15 2 5.52
DC.M.0.SCR.054 115 1/3 1 25 1/4 2 4.82
DC.M.0.SCR.096 115 1/3 2 25 1/4 2 4.47
DC.M.0.SEM.006 115 1/15 1 25 1/15 1 4.85
DC.M.0.SEM.018 115 1/15 2 25 1/15 2 4.82
DC.M.0.SEM.054 115 1/3 1 25 1/4 2 5.05
DC.M.0.SEM.096 115 1/3 2 25 1/4 2 4.61
DC.L.I.HER.006 110 1/15 2 -20 1/15 2 2.34
DC.L.I.HER.009 110 1/15 2 -20 1/15 2 2.77
DC.L.I.SCR.006 110 1/15 2 -20 1/15 2 2.42
DC.L.I.SCR.009 110 1/15 2 -20 1/15 2 3.04
DC.L.I.SCR.054 110 3/4 2 -20 1/4 2 3.28
DC.L.I.SEM.006 110 1/15 2 -20 1/15 2 2.36
DC.L.I.SEM.009 110 1/15 2 -20 1/15 2 2.64
DC.L.I.SEM.054 110 3/4 2 -20 1/4 2 3.02
DC.L.O.HER.006 110 1/15 2 -20 1/15 2 2.40
DC.L.O.HER.009 110 1/15 2 -20 1/15 2 2.91
DC.L.0.SCR.006 110 1/15 2 -20 1/15 2 2.86
DC.L.0.SCR.009 110 1/15 2 -20 1/15 2 3.70
DC.L.0.SCR.054 110 3/4 2 -20 1/4 2 4.09
DC.L.0.SEM.006 110 1/15 2 -20 1/15 2 2.47
DC.L.0.SEM.009 110 1/15 2 -20 1/15 2 2.78
DC.L.0.SEM.054 110 3/4 2 -20 1/4 2 3.36
DC.L.0.SEM.072 110 3/4 2 -20 1/4 2 3.41
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Table 5.5.5 Specifications and Ratings of Baseline Refrigeration Units (Multiplex
Condensing)

Analysis Point Saturated Evaporator # of Baseline

Evaporating Fan Power Evaporator AWEF

Temperature hp Fans Btu/W-h

°F

MC.M.N.006.004.1 25 1/15 1 6.42
MC.M.N.006.009.2 25 1/15 2 6.80
MC.M.N.006.024.6 25 1/4 2 5.75
MC.M.N.004.004.1 25 1/15 1 6.42
MC.M.N.004.009.2 25 1/15 2 6.80
MC.L.N.006.004.1 -20 1/15 1 4.40
MC.L.N.006.009.2 -20 1/15 2 4.66
MC.L.N.006.018.2 -20 1/4 2 3.93
MC.L.N.004.004.1 -20 1/15 1 4.43
MC.L.N.004.009.2 -20 1/15 2 4.71
MC.L.N.004.018.2 -20 1/4 2 4.46
MC.L.N.004.040.2 -20 1/2 2 4.14

555 Design Options for Panels and Doors

In chapter 4 of the TSD, DOE lists the design options for each component remaining after
the screening analysis. In the engineering analysis, DOE assigned each option a code and, in
some cases, designated more than one level within a particular design option. For example, the
increased insulation thickness option is split into incremental thicknesses increases, to 4 inches, 5
inches, and 6 inches. Table 5.5.6, Table 5.5.7, and Table 5.5.8 summarize the design option
codes and descriptions for panels, display doors, and non-display doors, respectively. Sections
5.5.5.1 through 5.5.5.5 contain details for improved technologies for panels, display doors, and
non-display doors.

Table 5.5.6 Design Option Codes and Descriptions for Panels

Design Option Code Description

Cooler Wall, Cooler Ceiling, and Freezer Floor
Insulation Thickness

TCK1 Baseline thickness

TCK2 4 inch thick insulation

TCK3 5 inch thick insulation

TCK4 6 inch thick insulation
Freezer Wall and Ceiling Insulation Thickness

TCK1 Baseline thickness

TCK2 5 inch thick insulation

TCK3 6 inch thick insulation
Insulation Material

INS1 Baseline insulation material, polyurethane
HYB Hybrid 1-VIP + INS1

Structural Panel Framing Material

WOOD Pine framing members

SOFTNOSE Urethane framing members

NONE No framing members
Floor Panel Framing Material

WOOD Pine framing members

SOFTNOSE Urethane framing members
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Table 5.5.7 Design Option Codes and Descriptions for Display Doors

Design Option Code Description
Display Door Enhancement
DR1 Baseline glass
DR2 Enhanced 1
DR3 Enhanced 2
DR4 Super-enhanced
Anti-Sweat Heaters Controls (Cooler Door Only)
ASHNC Baseline (no controller)
ASCTRL Anti-sweat heater controls

Lighting: Display

T8 Electronic, Normal Lumen Blub, Normal Ballast

T8 Factor Electronic Ballast
LED LED

Control System
Cs1 Baseline (no controller)
CS2 Lighting Sensors

Table 5.5.8 Design Option Codes and Descriptions for Non-Display Doors

Design Option Code Description
Cooler Door Insulation Thickness
TCK1 Baseline thickness
TCK2 4 inch thick insulation
TCK3 5 inch thick insulation
TCK4 6 inch thick insulation
Freezer Door Insulation Thickness
TCK1 Baseline thickness
TCK2 5 inch thick insulation
TCK3 6 inch thick insulation
Insulation Material
INS1 Baseline insulation material, polyurethane
HYB Hybrid 1-VIP + INS1
Framing Material
WOOD Pine framing members
SOFTNOSE Urethane framing members
Window Enhancement
DR1 Baseline glass
DR2 Enhanced 1
DR3 Enhanced 2
DR4 Super-enhanced
Anti-Sweat Heaters
ASHNC Baseline (no controller)
ASCTRL Anti-sweat heater controls

5.5.5.1 Improved Insulation
DOE considered three options to improve the insulation of walk-in panels and non-

display doors. These improvements affect the insulation thickness, the insulation material, and
the framing material.
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Insulation Thickness

The thermal resistance of insulating materials increases approximately linearly with
material thickness. Based on DOE’s analysis and public comment, a baseline cooler panel,
freezer floor panel, and cooler non-display door utilizes 3.5 inches of foam insulation and freezer
panels and freezer non-display doors utilize 4 inches of foam insulation to slow the rate of heat
conduction from the external environment to the internal cooled space of the walk-in. In
addition, DOE found that many panel and non-display door manufacturers offer insulation in
thicknesses of 4, 5, and 6 inches.

Therefore, in the engineering analysis, DOE considered insulation thickness as one of the
three independent variables that impacts the R-value of wall, ceiling, and floor panels and non-
display doors. DOE assessed the incremental increase in cost due to additional material cost and
separately evaluated the impact on shipping cost.

DOE’s analysis found that the incremental cost of manufacturing thicker products was
dominated by material cost. The results of the analysis for panels and non-display doors, for the
various thicknesses, are shown in Table 5.5.9. The impact on shipping is a more complex
calculation. The shipping weight is independently impacted by both the total surface area of a
walk-in and selected insulation thickness. Then, the cost of shipping is dependent on a base
charge (based on density and shipping class) and a fuel surcharge based on the distance shipped
and weight. To determine the cost of shipping one panel, DOE first calculated the shipping cost
based on the final weight of an entire WICF envelope and then divided out the cost per square
foot of panel.

Due to the multivariate nature of the shipping calculation, best fit linear equations were
first developed to calculate the weight of a given product based on its surface area and thickness.
Then, using the calculated weight for a given thickness and area, the base and fuel cost of
shipping could be developed. Finally, linear best fits of the shipping cost calculations were made,
and these equations then allowed the model to interpolate the shipping cost based on any
thickness ranging from 2 to 7 inches in thickness. From this data, DOE calculated the cost of
shipping an average small, medium, and large sized walk-in (the specifications for these average
walk-ins are shown in Table 5.5.10), determined the square footage of panels in each walk-in,
and determined the shipping cost per square foot of panels. DOE then weighted the shipping cost
per square foot of panel for each sized walk-in to find an average shipping cost per square foot of
panel. Based on the size and thickness of the panel, DOE calculated the shipping cost per panel,
which is listed in Table 5.5.11. Table 5.5.12 shows the shipping cost per non-display door.

Table 5.5.9 Insulation Thickness Material and L