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SUMMARY: The Energy Policy and Conservation Act of 1975 (EPCA), as amended, prescribes
energy conservation standards for various consumer @odod certain commercial and

industrial equipment, includingalk-in coolers and waklin freezers EPCA also requires the

U.S. Department of Energy (DOE) to determine whether ratnegent standards would be
technologically feasible and economicallgiified, and would save a significant amount of

energy. In this final rule, DOE is adopting mesgringent energy conservation standards for

some classes @falk-in cooler and walkn freezercomponentaindhas determined that the
standards areechnologically feasible and economically justifesttiwould result inthe

significant conservation of energy



DATES: The effective date of this rule [ENSERT DATE 60 DAYS DATE OF
PUBLICATION IN THE FEDERAL REGISTER ]. Compliance with the amended starta
established fowalk-in coolers and walin freezers n t oday 06 sequiredaonal r ul e i s

[COMPLIANCE DATE] .

ADDRESSES: The docket, which includes Federal Register notices, public meeting attendee
lists and transcripts, comments, and other suppodiegments/materials, is available for

review atwww.regulations.gov. All documents in the docket are listed in the regulations.gov
index. However, some documents listed in the index, such as those containing information that is

exempt from public disclosa, may not be publicly available.

A link to the docket web page can be found at:

http://www.regulations.gov/#!docketDetail;D=EERIB10BT-STD-0003The regulations.gov

web page will contain simple instructions on how to access all documents, including public

comments, in the docket.

For further information on how to review the docket, contact Ms. Brenda Edwards at

(202) 5862945 or by emailBrenda.Edwards@ee.doe.gov
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. Summary of the Final Rule and ltsBenefits

Title 111, Part C of EPCA, Pub. L. 9463 (42 U.S.C. 6316317, as codified), added by
Pub. L. 95619, Title IV, section 441(a), established the Energy Conservation Program for
Certain Industrial Equipment, a program covering certain industjisipment, which includes
the walkin coolers and walin freezers that are the focus of this nottéd42 U.S.C. 6311(1),
(20), 6313(f) and 6314(a)(9ursuant to EPCA, any new or amended energy conservation
standard that DOE prescribes for cereguipmentsuch asvalk-in coolers and wakn freezers
(coll ectiiwneasloy o rfshalbd@eEsgyned to achieve the maximum improvement
in energy efficiency that DOE determinedb@htechnologically feasible and economically
justified. (42 US.C. 6295(0)(2)(A)) Furthermore, the new or amended standard must result in
thesignificant conservation of energy. (42 U.S.C. 6295(0)(3)(B)) In accordance with these and
other statutory provisions discussed in this notice, DOE is adopting amended energy
conservation standards fibre main components @falk-in coolers and wakn freezergwalk-
ins), refrigeration systems, panels, and doors. The amended standards are in terms of annual
walk-in energy factor (AWEF) for the walik refrigeration systems,-Ralue for walkin panels,

and maximum energy consumption (MEC) for wadlkdoors. These standardse showrin

! All references to EPCA in this document refer to the statute as amended ttireugherican Energy
Manufacturing Technical Corrections Act (AEMTCA), Pub. L. 2210 (Dec. 18, 2012)

2 For editorial reasons, upon codification in the U.S. Code, Part C viesignated Part-A.



Table I.1. These amended standapisly to allequipmentisted in Table I.1 and manufactured

in, or imported into, the United States on oesfiNSERT DATE].

Table |.1. Energy Conservation Standards foWalk-in Coolers andWalk-in Freezers
(Compliance Required Starting [INSERT DATE])

Class Descriptor | Class Standard Level
Refrigeration Systems Minimum AWEF (Btu/W -h)*
Dedicated Condensing, Medium DC.M.I

Temperature, Indoor System, < < 9'00'0’ 5.61

9,000 Btu/h Capacity '

Dedicated Condensing, Medium DC.M.|

Temperatur e, Ino'g"c 5.61

9,000 Btu/h Capacity '

Dedicated Condensinlyledium DC.M.O

Temperature, Outdoor System, < < 9'00'0 ' 7.60

9,000 Btu/h Capacity '

Dedicated Condensing, Medium

Temperatur e, Ou gc.n\g.o,c 7.60

9,000 Btu/h Capacity '

Dedicated Condensing, Low DC.LI

Temperature, Indoor System, < < 9'0'06 5.93 x 10 x Q + 2.33
9,000 Btu/hCapacity '

Dedicated Condensing, Low DC.LI

Temperatur e, Ino'é’c 3.10
9,000 Btu/h Capacity '

Dedicated Condensing, Low DC.LO

Temperature, Outdoor System, < < 9'060’ 230x 10 xQ+2.73
9,000 Btu/h Capacity ’

Dedicated Condensing, Low

Temperatur e, Ou gC'Léo’c 4.79

9,000 Btu/h Capacity '

Multiplex Condensing, Medium MC.M 10.89
Temperature

Multiplex Condensing, Low MC.L 6.57
Temperature

Panels Minimum R -value (h-ft2-°F/Btu)
Structural Panel, Medium SP.M o8
Temperature

Structural Panel, Low Temperatur| SP.L 32

Floor Panel, Low Temperature FP.L 28
Non-Display Doors Maximum Energy Consumption




(KWh/day)**

Passage Door, Medium PD.M 0.05 x A+ 1.7
Temperature

Passage Doot,ow Temperature | PD.L 0.14 x Ag+ 4.8
Freight Door, Medium Temperatuf FD.M 0.04 x Ag+ 1.9
Freight Door, Low Temperature | FD.L 0.12 X Ag+ 5.6

Maximum Energy Consumption

(kwh/day) A
Display Door, Medium DD.M 0.04 x Ay+0.41
Temperature

Display Door, Low Temperature | DD.L 0.15 x A+ 0.29
*Q represents the system gross capacity as calculated in AHRI 1250

** Ang represents the surface area of the-display door.
AAyq represents the surface area of the display door.

Display Doors

A. Benefits andCosts to Customers

Table 1.2 presents DOEOGs evaluation of
customer®f walk-in coolers and waln freezersas measured by the average-tifele cost
(LCC) savings and the median payback pe(PBP) The aveage LCC savings are positive for

all equipmentlasses for which customers are impacted by the standards.

t
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Tablel.2l mpacts of Todayo6s StWalk-th&ooldrs andWalkéhust omer s
Freezers
. Average LCC Savings Median Payback Period
Equipment Class 2013% vears
Refrigeration System Class*
DC.M.I* 5942 3.5
DC.M.O* 6533 2.2
DC.L.I* 2078 1.6
DC.L.O* 5942 3.5
MC.M 547 3.1
MC.L 362 3.1
Panel Class
SP.M
SP.L
FP.L
Non-Display Door Class
PD.M
PD.L
FD.M
FD.L
Display Door Class
DD.M 143 7.3
DD.L 902 5.4
Note: "--" indicates nampact becausstandards are set at the baseline level

*For dedicated condensing (DC) refrigeration systems, results inalluc&pacity ranges.

B. Impact on Manufacturers

The industry net present value (INPV) is the sum of the discounted cash flows to the
industry from the base ye&013)through the end of the analysis period (2048)ng real
discount rates of 10.5 percent for panels, 9.4 percent for doors, and 10.4 percent for
refrigeratiori, DOE estimates that tHBIPV for manufacturers ofialk-in coolers and wakin

freezerds $1,291million in 2012$ . Un d e standamsD®F éxgectshe industry net

® These rates were used to discount future cash flows in the Manufacturer Impact Analysis. The discount rates were
calculated from SEC filingand then adjusted based on cost of capital feedback collected froamvaalér, panel,

and refrigeration manufacturers in MIA interviews. For a detailed explanation of how DOE arrived at these discount
rates, refer to chapter 12 of the final rule TSD.
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present value tohangeby -4.10percent td.21percent.Total industry conversion costs are
expected to tote$33.61million. DOE does not expect any plant closingsignificant bss of

employment o result from todayds standards.

C. National Benefit$

DOE6s analyses indicate that todayod6s stand
energy. The lifetime savings feralk-in coolers and wakn freezergurchased in the 3@ear
period that begins in the year of compliance with amended star(@@idd62046 amount to
3.149quadrillion British thermal unitsguad$. The annual savings in 2030.10 quadsis

equivalent td.5 percent of total U.Scommercial energy use in 24

Thecumulativenet present value (NPV) tdtal consumer costs and savimgs o day 06 s
standards fowalk-in coolers and walin freezerganges from $.98billion (at a Zpercent
discount rate) to%90billion (at a 3percent discount rate)This NPV expresses the estimated
total value of futur@peratingcostsavings minus the estimated increasgdipmentosts for

equipmenpurchased in 2161 2047.

In addition,t o d atgndasdsire expected tbave significant environmental benefits.

The energy savings would result in cumulative emission reductions of approxid&Eety

* All monetary values in this section are expresséDirBdollars and are discounted to 201
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million metric tons K1t)® of carbon dioxide (C§), 833thousand tons of methar29thousand
tons of sulfur dioxid¢SG;), 254.4thousandons of nitrogen oxides (N, 3.5thousand tons of
nitrousoxide (NO), and0.27 tons ofmercury (Hg)? Through 2030, the cumulative emissions

reductions of C@amount to61.6Mt.

The value of the Cg&reductions is calculated using a range of values per metric ton of
CO, (otherwise known as the Social Cost of Carbon, or SCC) developed by aFedersl
interagency processThe derivation of the SCC values is discussed in section IV.M. Using
discountrates appropriate for each set of SCC valD&¥: estimates that the net present
monetary value of the G@missions reductions is betweehZbillion and $.6.3billion. DOE
also estimates that the net present monetary value of theM@sions reductions i483.5

million at a Zpercent discount rate, an8@%.1million at a 3percent discount rafe.

Table 1.3summarizes the national economic costs and benefits expected to result from

t oday 6s sviak-imdoalerdasd waln freezers

® A metric ton is equivalent to 1.1 short tons. Result3\id, and Hg are presented in short tons.

® DOE calculated emissions reductions relative toftheual Erergy Outlook 2013AEO 2013)Reference case,

which generally represents current legislation and environmental regulations for which implementing regulations
were available as of December 31, 2012.

" Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866
Interagency Working Group on Social Cost of Carbon, United States Government. May 2013; revised November
2013.http://www.whitehouse.gov/sites/default/files/omb/assets/inforeg/techmictdtesociatcostof-carbonfor-
regulatorimpactanalysis.pdf

® DOE is investigatinghe valuation ofthe otheremissionseductions
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Tablel.3 Summary of National Economic Benefits af Present Discount
Costs ofWalk-in Coolers and Wakn Freezer&nergy Value Rate
Conservation StandardSategory Billion 20136
Benefits
. . 9.5 7%
Operating Cost Savings
P g g 19.7 3%
CO, Reduction Monetized Value 18.0t case)** 1.2 5%
CO, Reduction Monetized Value 48.5t case)** 5.3 3%
CO; Reduction Monetized Value 8.4t case)** 8.4 2.5%
CO; Reduction Monetized Value ($3t case)** 16.3 3%
. . . 7%
NOx Reduction Monetized Value (at $34/ton )** 0.2 .
04 3%
R 15.0 7%
Tot al BenefitsA
' 254 3%
Costs
7%
Incremental Installed Costs > >
9.8 3%
Net Benefits
9.5 7%
IncludingCQandNQGReducti on Mon
uding CQ & Het 15.6 3%

* This table presents the costs and benefits assoeidted/alk-in coolers and walin freezersshipped in

2017 2 6.Zhese results include benefitsciostomersvhich accrue afte?046from theequipmenpurchased in

2 0 1 7 1.2He febults account for the incremental variable and fixed costs incurred by manufacturers due to the
amendedtandargdsome of which may be incurred in preparation fis final rule.

** The CO, values represent global monetized values of the SCZD1B%, in 2015 under several scenarios of the

updated SCC values. The first three cases use the averages of SCC distributions calculated using 5%, 3%, and 2.5%
discount rates, respectively. The fourth case represents‘thEeg&entile of the SCC distriioh calculated using a

3% discount rate. The SCC time series used by DOE incorparatescalation factor. The value for N3 the

average of the |l ow and high values used in DOEO6s analy:
A Tot al Benefits for bot h théasriegcdrespondingio’avecagesSEGwiths e der i
percent discount rate.

The benefits and c o ®duipmensbldih200dlaryif2sdds®h andar d

be expressed in terms of annualized values. The annualized monetary values are the sum of (1)
theannualized national economic value of the benefits from operatiregthpmen{consisting
primarily of operating cost savings from using less energy, minus increases in equipment

purchase and installation costs, which is another way of represeatisgmer NPV, plus (2) the

13



annualized monetary value of the benefits of emission reductions, includingn@ssion

reductions’

Although adding the value of consumer savings to the values of emission reductions
provides a valuable perspective, two issslould be considered. First, the national operating
cost savings are domestic U.S. consumer monetary savings thaasectesult of market
transactions, while the value of @@ductions is based on a global value. Second, the
assessments of operatiogst savings and G@avings are performed with different methods that
use different time frames for analysis. The national operating cost savings is measured for the
lifetime of walk-in coolers and wakn freezershipped in2 0 1 7 1.2ZH2 &@C values,othe
other hand, reflect the present value of all future climalied impacts resulting from the
emission of one metric ton of carbon dioxide in each year. These impacts continue well beyond

2100.

Estimates of annual i z esthndérdsiare shown s Tabldld cost s
The results under the primary estimate are as follows. Usifgeacént discount rate for

benefits and costs other than g@duction, for which DOE used apgrcent discount rate along

° DOE used a twstep calculation process to convert the tseeies of costs and benefits into annualized values.

First, DOE calculated a present valu€ii4 the year used for discoting the NPV of total consumer costs and
savings, for the timseries of costs and benefitsing discount rates of three and seven percent for all costs and
benefits except for the value of ge@ductions. For the latter, DOE used a range of discote#,ras shown in

Table 1.4 From the present value, DOE then calculated the fixed annual payment ovgear @riod 2017

through2046 that yields the same present value. The fixed annual payment is the annualized value. Although DOE
calculated annuaed values, this does not imply that the tisegies of cost and benefits from which the annualized
values were determined is a steady stream of payments.

14



with the average SCC series thagsia 3percent discount rate, the cost of the standards in

t oday 6 sblimilibneer year in$ncreased equipment costs, while the benefit8@ee $

million per year in reduced equipment operating co&87 fillion in CO, reductions, and
$16.93million in reduced N emissions. In this case, the net benefit amount§T illion

per year. Using a-Bercent discount rate for all benefits and costs and the average SCC series,
the cost of the s tha8milienmer gearinncreaseddequipdent costs,l e 1 s
while the benefits arel$064million per year in reduced operating cos@3Bmillion in CO,

reductions, andH2.82million in reduced NQ emissions. In this case, the net benefit amounts to

$842 million per year.
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Table 1.4 Annualized Benefits and Costs of Amended Standards for Wailka Coolers and

Walk-in Freezers

Primary Low Net High Net
Discount Estimate* Benefits Benefits
Rate Estimate* Estimate*
million 2013b/year
Benefits
_ _ 7% 879 854 917
Operating Cost Savings
3% 1064 1027 1115
CO, Reduction at ($2.08/t case)** 5% 86 86 86
CO, Reduction at (80.5t case)** 3% 287 287 287
CO;, Reduction at ($8.4/t case)** 2.5% 420 420 420
CO, Reduction at ($19/t case)** 3% 884 884 884
_ 7% 16.93 16.93 16.93
NOx Reduction at ($B84'ton)**
3% 19.82 19.82 19.82
0,
7%0plus | 981 161,780 | 957 to 1,755 | 1,020 to 1,818
CGO; range
_ R 7% 1,183 1,158 1,221
Tot al BenefitsA 3% ol
oo | 1,16910 1,968 1,133 101,931 1,221 t0 2,01
O, range
3% 1,371 1,334 1,422
Costs
_ 7% 511 501 522
IncrementaEquipmentCosts
3% 528 515 541
Net Benefits
0,
b PUS | 470101,269 | 456101,255 | 49810 1,296
O, range
R 7% 671 657 699
Total A 3% 0l
OPUS | 641 101,440 | 61710 1,416 | 68010 1,478
CO,range
3% 842 818 881

* This table presents the annualized costs and benefits associateehikiih coolers and walin freezersshipped
in 2017- 2046 These results include benefits to customers which accrue@#téfrom theequipmenpurchased

in 2017- 2046 The results account for the incremental variable and fixed costs incurred by manufacturers due to the

amendedtandardsome of which may be incurred in preparation forfitna rule. The primary, low, andhigh

estimates utilize projections of energy prices friveAEO 2013Reference case, Low Estimate, and High Estimate,

respectively. In addition, incrementduipmentosts reflect a nidum decline rate for projectestjuipmentprice

trends in the Primary Estirteg a low decline rate for projecteduipmenprice trends in the Low Benefits Estimate,

and a high decline rate for projecteguipmenprice trends in the High Benefits Estimaiéie methods used to

derive projected price trends are explained in sed¢¥dn



** The CQvalues represent global monetized values of the $CZ013$, in 2015 under several scenariothe

updated SCC valueShe first three cases use the averages of SCC distributions calculated using 5%, 3%, and 2.5%

discount rates, respectively. Tfwurth case@epresents the §5ercentile of the SCC distribution calculated using a
3% discount rate. The SCC time seriesdiby DOE incorporate an escalation facldre value for NQ is the

average of the |l ow and high values used in DOE®&ds anal y:

A Tot al B e n e fpertent arfd Percert cased are dbriwed Bsing the series corresponding to average

SCC with 3percent discount ratevhich is the$39.7/tCO, reductioncase | n t he r ows Jramgleead

and A3 %;,rpanugse , O t he o pybenafitsiane galcudated usingahe thbeldXdiscouef amd
those values are addagthe full rangeof CO, values.

D. Conclusion

Based on the analyses culminating in this final rule, DOE foh@denefitdo the nation
from the standard@nergy savings, consumer LCC savings, positive NPV of consumer benefit,
and emission reductions) outweigh the burdens (loss of INP\L@@dincreases for some users
of this equipment DOE has concludedtheth e st andar ds i n thledayos
maximum improvement in energy efficiency that is technologically feasible and economically

justified, and would result in significant conservation of enef.U.S.C. 6295(0), 6316(e))

[l. Introduction

The following section briefly discussesthe statujo aut hor ity under |l yin

rule, as well as some of the relevant historical background related to the establishment of

standards fowalk-in coolers and walin freezers

A. Authority
Title 1ll, Part C of EPCA, Pub. L. 9463 (42 U.S.C. 6316317,as codified), added by

Pub. L. 95619, Title IV, section 441(a), established the Energy Conservation Program for

17
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Certain Industrial EQuipment, a program covering certain industrial equipment, which includes

the walkin coolers and walkn freezers that arthe focus of this noticE’!* (42 U.S.C. 6311(1),

(20), 6313(f) and 6314(a)(9)) Walks consist of two major piecés he struct ur al ne
within which items are stored and a refrigera

interior.

DOEG6s energy conservation program for cove
parts: (1) testing; (2) labeling; (3) the establishment of Federal energy conservation standards;
and (4) certification and enforcement procedures. For-malkDOE is respnsible for the
entirety of this program. The DOE test procedures for wadkincluding those prescribed by
Congress irthe Energy Independence and Security AQQ@37, Pub. L. No. 114140 (December
19, 200 7)and(thode esgalishid, by DOEaitest procedure final rule, currently appear

at title 10 of the Code of Federal Regulations (CFR) part 431, section 304.

Any new or amended performance standards that DOE prescribes feingvatkist
achieve the maximum improvement in energy efficieney ihtechnologically feasible and

economically justified. (42 U.S.C. 6313(f)(4)(A)) For purposes of this rulemaking, DOE also

10 All references to EPCA in this document refer to the statute as amended ttreugherican Energ
Manufacturing Technical Corrections Act (AEMTCA), Pub. L. 20 (Dec. 18, 2012)

™ For editorial reasons, upon codification in the U.S. Code, Part C veesignated Part-A.
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plans to adopt those standards that are likely to result in a significant conservation of energy that

satisfies both of these neigements. See 42 U.S.C. 6295(0)(3)(B).

Technological feasibility is determined by examining technologies or designs that could
be used to improve the efficiency of the covered equipment. DOE considers a design to be
technologically feasible if it is inge by the relevant industry or if research has progressed to the

development of a working prototype.

In ascertaining whether a particular standard is economically justified, DOE considers, to

the greatest extent practicable, the following factors:

1. Theeconomic impact of the standard on manufacturers and consumers of the
equipment subject to the standard,;

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

3. The total projected amount of energy or, as applicable, water savings likely to result
directly from the imposibn of the standard;

4. Any lessening of the utility or the performance of the covered equipment 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, thasilikely to result from the imposition of the standard;
19



6. The need for national energy and water conservation; and
7. Other factors the Secretary of Energy (Secretary) considers relevant.

(42 US.C. 6295(0)(2)(B)(i) ()(VI) and6316(a)

DOE does nogenerallyprescribe an amended or new standard if interested persons have
established by a preponderance of the evidence that the standard is likely to result in the
unavailability in the United States of any covered product type (or class) of performance
characteristics (including reliability), features, sizes, capacities, and volumes that are
substantially the same as those generally ava
provisions for consumer products, there is a rebuttable presuntipdioa standard is
economically justified if the Secretary finds that the additional cost to the consumer of
purchasing a product complying with an energy conservation standard level will be less than
three times the value of the energy savings durin§riteyear that the consumer will receive as
a result of the standard, as calculated under the applicable test procedure. (42 U.S.C.

6295(0)(2)(B)(iii)) For purposes of its walk analysis, DOE plans to account for these factors.

Additionally, whena type or class of covered equipment such as-wvallhas two or
more subcategories, in promulgating standards for such equipment, DOE often specifies more
than one standard level. DOE generally will adopt a different standard level than that which
applies gaeerally to such type or class of products for any group of covered products that have
the same function or intended use if DOE determines that products within such group (A)
consume a different kind of energy than that consumed by other covered prodhictsudgh

type (or class) or (B) have a capacity or other performagle¢ed feature that other products
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within such type (or class) do not have, and which justifies a higher or lower standard. Generally,
in determining whether a performanedated featte justifies a different standard for a group of
products, DOE considers such factors as the utility to the consumer of the feature and other
factors DOE deems appropriate. In a rule prescribing such a standard, DOE typically includes an
explanation of théasis on which such higher or lower level was established. DOE plans to

follow a similar process in the context of to

DOE notes that since the inception of the statutory requirements setting standards for
walk-ins, Congress has since adesone additional amendment to those provisions. That
amendment provides that the wall, ceiling, and door insulation requirements detailed in 42
u.s.Cc. 6313(f)(1)(C) do not apply to the give
demonstratedtdite Secr et aryds satisfaction that nAthe
|l east as mucho if those specified requirement
American Energy Manufacturing Technology Corrections Act, Pub. L. N62102Sec?2
(Dec. 18, 2012) (codified at 42 U.S.C. 6313(f)(6)) (AEMTCA). Manufacturers seeking to avail
themselves of this provision must Aprovide to
necessary to ful |l yldd0O&Adodifiadths amebhdmentimopts i cat i on. 0O

regulationson OctobeR3, 2013, at 78 FR 62988

Sincethe promulgation of the amendmgahe company, HH Technologies, submitted
data on May 24, 2013, demonstrating that its RollSeal doors satisfied this new AEMTCA
provision. DCE reviewed these data and all other submitted information and concluded that the

RollSeal doors at issue satisfied 42 U.S.C. 6313(f)(6). Accordingly, DOE issued a determination
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letter on June 14, 2013, indicating that these doors met Section 6313(8)(Gpathe applicable
insulation requirements did not apply to the RollSeal doors HH Technologies identified. Nothing

in this rule affects the previous determination regarding HH Technologies.

Federal energy conservation requirements generaligiprg sate laws or regulations
concerning energy conservation testing, labeling, and standards. (42 U.S.C. 6297(a); 42 U.S.C.
6316(b)) However, EPCA provides that for wtls in particular, any state standard issued
before publication of the final rule shall nme¢ preempted until the standards established in the

final rule take effect. (42 U.S.C 6316(h)(2)(B))

Where applicable, DOE generally considers standby and off mode energy use for certain
covered products or equipment when developing energy consersttiatards. See 42 U.S.C.
6295(gg)(3). Because the vast majority of wiallcoolers and wakln freezers operate
continuously to keep their contents cold at all times, DOE is not proposing standards for standby

and off mode energy use.

B. Background

1. Current $andards
EPCA defines a waln cooler and a walin freezer as an enclosed storage space
refrigerated to temperatures above, and at or below, respectively, 32 °F that can be walked into.
The statute also defines walkcoolers and freezers as havingaltchilled storage area of less

than 3,000 square feet, excludieguipmendesigned and marketed exclusively for medical,
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scientific, or research purposes. (42 U.S.C 6311(20)) EPCA also provides prescriptive standards

for walk-ins manufactured on or aftdanuary 1, 2009, which are described below.

First, EPCA sets forth general prescriptive standards for-imalRValkins must have
automatic door closers that firmly close all watkdoors that have been closed to within 1 inch
of full closure, for alldoors narrower than 3 feet 9 inches and shorter than 7 feetjngaikust
also have strip doors, spring hinged doors, or other methods of minimizing infiltration when
doors are open. Walis must also contain wall, ceilingnd door insulation aftleast R25 for
coolers and R82 for freezers, excluding glazed portions of doors and structural members, and
floor insulation of at least 28 for freezers. Wakkn evaporator fan motors of under 1
horsepower and less than 460 volts must be electronaaitynutated motors (brushless direct
current motors) or threghase motors, and waik condenser fan motors of under 1 horsepower
must use permanent split capacitor motors, electronically commutated motors, phtisee
motors. Interior light sources musave an efficacy of 40 lumens per watt or more, including any
ballast losses; lessfficacious lights may only be used in conjunction with a timer or device that
turns off the lights within 15 minutes of when the walks unoccupied. See 42 U.S.C.

6313(f)(1).

Second, EPCA sets forth new requirements related to electronically commutated motors
for use in walkins. See 42 U.S.C. 6313(f)(2)). Specifically, in those viradkthat use an
evaporator fan motor with a rating of under 1 horsepower and ks<l@0 volts, that motor
must be either a thrgghase motor or an electronically commutated motor unless DOE

determined prior to January 1, 2009 that electronically commutated motors are available from
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only one manufacturer. (42 U.S.C. 6313(f)(2)(A)) DGEeadmined by January 1, 2009 that these
motors were available from more than one manufacturer; thus, according to EPG# walk
evaporator fan motors with a rating of under 1 horsepower and less than 460 volts must be either
threephase motors or electraailly commutated motors. DOE documented this determination in
the rulemaking docket as docket ID EERBO8BT-STD-00150072. This document can be

found athttp:/MAvww.regulations.gov/#!documentDetail;:D=EERBO8BT-STD-00150072

Additionally, EISAauthorizedDOE 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
evamrative fan 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, abb@tapmotors

rated at under 1 horsepower and under 460 volts must be electronically commutated motors or

threephase motors.

Third, EPCA sets forth additional requirements for wiakk with transparent reagh
doors. Freezer doors must have tdpée glass with either heag¢flective treated glass or gas
fill for doors and windows for freezers. Cooler doors must have either dpabkglass with
treated glass and gas fill or tripbane glass with treated glass or gas fill. (42 U.S.C.
6313(f)(3)(A}(B)) For walkins with transparent reagh doors, EISA also prescribed specific
antisweat heaterelated requirements: walks without antisweat heater controls must have a
heater power draw of no more than 7.1 or 3.0 watts per square foot of domgdperfreezers
and coolers, respectively. Wailks with antisweat 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
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coolers, respectively, or the astveat heater cordls 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((B)(C)

2. History of Standards Rulemaking fdralk-in Coolers and Waklin Freezers
EPCA directs the Secretary to issue performaased standards for wailks that would
apply to equipment manufactured 3 years after the final rule is published, or 5 years if the

Secretary determines by rule that-ge#r peiod is inadequate. (42 U.S.C. 6313(f)(4))

DOE initiated the current rulemaking by publishing a notice announcing the availability
of i t dn Cooles arkl Waltn Freezers Energy Conservation Standard Framework
Document 06 and a ndecanent.nTige notice aldoi salictedsc@ammenh am the
matters raised in the document. 74 FR 411 (Jan 6, 2009). More information on the framework
document is available at:

http://wwwl.eere.enerqy.qov/buildings/appliance standards/rulemaking.aspx/rul@iadé30

framework document described the procedural and analytical approaches that DOE anticipated
using to evaluate energy conservation standards forwsl&ndidentified various issues to be

resolved in conducting this rulemaking.

DOE held the framework public meeting on February 4, 2009, in which it: (1) presented
the contents of the framework document; (2) described the analyses it planned to conduct during
the rulemaking; (3) sought comments from interested parties on these subjects; and (4) in

general, sought to inform interested parties about, and facilitate their involvement in, the
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rulemaking. Major issues discussed at the public meeting includede(4¢dpe of coverage for

the rulemaking; (2) development of a test procedure and appropriate test metrics; (3)
manufacturer and market information, including distribution channels; (4) equipment classes,
baseline units, and design options to improve efiicye and (5) lifecycle costs to consumers,
including installation, maintenance, and repair costs, and any consumer subgroups DOE should
consider. At the meeting and during the comment period on the framework document, DOE
received many comments that haelpeidentify and resolve issues pertaining to wialk

relevant to this rulemaking.

DOE then gathered additional information and performed preliminary analyses to help
develop potential energy conservation standards for this equipment. This prosesatedl in
DOEG6s announcement of another public meeting
following matters: (1) the equipment classes DOE planned to analyze; (2) the analytical
framework, models, and tools that DOE used to evaluate standards; r@jule of the
preliminary analyses performed by DOE; and (4) potential standard levels that DOE could
consider. 75 FR 17080 (April 5, 2010) (the April 2010 Notice). DOE also invited written
comments on these subjects and announced the availabilityvegbisgte of a preliminary
technical support document (preliminary TSD) it had prepared to inform interested parties and
enable them to provide commerits. (More information about the preliminary TSD is available

at: http://wwwl.eere.energy.gov/buildings/appliance_standards/rulemaking.aspx/rujeid/30

Finally, DOE sought views on other relevant issues that participants believed either would

impact walkin standards or that the proposal should addidssit 17083.
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The preliminary TSDprovided an overview of the activities DOE undertookiewelop
standards for walkns anddiscussed the comments DOE received in response to the framework
document Thepreliminary TSD alsaddressed separate standards for the-wadkvelope and
the refrigeration system, as well as compliance and enforcement responsibilities and food safety
regulatory concerng.he document alsdescribed the analytical framework that DOEdu&nd
continues to use) in considering standards for swagkincluding a description of the
methodology, the analytical tools, and the relationships between the various analyses that are
part of this rulemaking. Additionally, the preliminary TSD presdrin detail each analysis that
DOE had performed for these products up to that point, including descriptions of inputs, sources,

methodologies, and results. These analyses were as follows:

1 A market and technology assessneadressed the scope of thisemaking,

identified existing and potential new equipment classewé#tik-in coolers and wakk
in freezerscharacterized the markets for this equipment, and reviewed techniques
and approaches for improving its efficiency;

1 A screening analysi®viewed échnology options to improve the efficiencyvadilk-

in coolers and wakln freezers and wei ghed these options
prescribed screening criteria;

1 An engineering analysisstimated the manufacturer selling prices (MSPs) associated

with more @ergy efficientwalk-in coolers and waklin freezers

1 An energy use analysestimated the annual energy usavafk-in coolers and walk

in freezers
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1 A markups analysisonverted estimated MSPs derived from the engineering analysis
to customer purchaseipes;

1 A life-cycle cost analysisalculated, for individual customers, the discounted savings

in operating costs throughout the estimated average &ldfin coolers and wakk
in freezerscompared to any increase in installed costs likely to reseltttirfrom
the imposition of a given standard,;

1 A payback period analysestimated the amount of time it would take customers to

recover the higher purchase price of more energy efficient equipment through lower
operating costs;

1 A shipments analysisstimated shipments wfalk-in coolers and walin freezers

over the time period examined in the analysis;

1 A national impact analysifNIA) assessed the national energy savings (NES), and the

national NPV of total customer costs and savings, expectedut from specific,
potential energy conservation standardsafalk-in coolers and wakn freezersand

1 A manufacturer impact analygisllA) assessethe potential effects on

manufacturers of amended efficiency standards.

The public meeting announcedthe April 2010 Notice took place on May 19, 2010. At
this meeting, DOE presented the methodologies and results of the analyses set forth in the
preliminary TSD. Interested parties that participated in the public meeting discussed a variety of
topics, lut the comments centered on the following issues: (1) separate standards for the
refrigeration system and the waltkenvelope; (2) responsibility for compliance; (3) equipment

classes; (4) technology options; (5) energy modeling; (6) installation, mantirand repair
28



costs; (7) markups and distributions chains; (8) wal&ooler and freezer shipments; and (9) test
procedures. The comments received since publication of the April 2010 Notice, including those
received at the May 2010 public meeting, havent r i but ed t o DOEG6s resol
this rulemaking as tlyepertaintowalk ns . T o d a yeSpsndd to timeassuesrraisedeoy

the commenters. (A parenthetical reference at the end of a quotation or paraphrase provides the

location of he item in the public record.)

On September 12013, DOE published a notice of proposed rulemaking (NOPR) in this
proceeding (September 2013 NOPR).FR 5581 In the September 2013 NOPR, DOE
addressed, in detail, the comments received in earlier stages of rulemaking, and proposed new
energy conservation standardsvialk-ins. In conjunction with the September 2013 NOPR,
DOE also published on its website thengdete technical support document (TSD) for the
proposed rule, which incorporated the analyses DOE conducted and technical documentation for
eachanalysiAl so publ i shed o the d@redrisg avakysis spreadsheatsethee
LCC spreadsheet, aride national impact analysis standard spreadstieste can be found at:

http://wwwl.eere.enerqy.qov/buildings/appliance standards/rulemaking.aspx@ileid/

The standards DOE proposed ¥aalk-in coolers and wakn freezersare show in Table

I.1.
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Table Il .1 Energy Conservation StandardsProposedfor Walk-in Coolers and Walk-in
Freezers(for compliance in[INSERT DATE] )

Class Descriptor | Class Proposed Standard Level
Refrigeration Systems Minimum AWEF (Btu/W -h)*
Dedicated Condensing,
Medium Temperaturéndoor | DC.M.I, < 31743
System, < 9,000 Btu/h 9,000 26321072 Q+4.53
Capacity
Dedicated Condensing, )
Medium Temperature, Indoor| DC.M.I, O 6.90
Syst em, O 9,0 9,000 '
Capacity
Dedicated Condensing,
Medium Temperature, DC.M.O, 31133
Outdoor System, < 9,000 < 9,000 13421072 Q+012
Btu/h Capacity
Dedicated Condensing,
Medium Temperature, DC.M.O, 12.21
Outdoor Syste| O 9, ( '
Btu/h Capacity
Dedicated Condensing, Low DC.LI <
Temperature, Indoor System, 9'0(')6 1932103 Q+1.89
< 9,000Btu/h Capacity '
Dedicated Condensing, Low DCLI O
Temperature, Indoor System, 9'06(') 3.63
09,000Btu/h Capacity '
Dedicated Condensing, Low DCLO <
Temperature, Outdoor Syster| 9' 0'00’ 5703103 Q+102
< 9,000Btu/h Capacity '
Dedicated Condensing, Low .
Temperature, Outdoor Syster D%IE)(% 0 6.15
09,000Btu/h Capacity '
Multl_plex Condensing, MC.M 10.74
Medium Temperature
Multiplex Condensing, Low MC.L 553
Temperature
Panels Maximum R-Value(h-ft>-°F/Btu)**
Structural Panel, Medium SP.M o8
Temperature
Structural Panel, Low SP.L 32
Temperature
Floor Panel, Low Temperatur| FP.L 28
Non-Display Doors Maxi mum Energy Consumpt
Passage Door, Medium
Tomporature PD.M 0.05 x Ag+ 1.7
Passage Door, Low
Temperature PD.L 0.14 x Ag+ 4.8
Freight Door, Medium
Temperature FD.M 0.04 x A+ 1.9
Freight Door, Low
Temperature FD.L 0.12 x A+ 5.6
Display Doors Maxi mum Energy Consumpt
Display Door, Medium DD.M 0.04 x A+ 0.41
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Temperature
Display Door, Low
Temperature

DD.L 0.15 x A+ 0.29

In the September 2013 NOPIR,addition to seeking comments generally on its proposal,
DOE identifieda number of specifissues on which it was particularly interested in receiving
comments and views of interested partigsich were detailed in sectidfil.E of that notice 78
FR at5588255887(September 11, 201 3\fter the publication of the September 2013 NOPR,
DOE received written comments on these and other issues. DOE also held a public meeting in
Washington, DC, on Octob8&r 2013, to hear oral caments onand solicit information relevant

tot he proposed rule. The comments on the NOPR

[1l. General Discussion

A. Component Level Standards

In the NOPR, DOE proposed componéntel standards for walla coolers and freezer
in order to ensure accurate testing and compliggecifically, DOE proposed to regulate
separatelyhree main components of a walk panels, doors, and refrigeration systerf8se78
FRat55822 (September 11, 2018)OE received comments from amhber of different entities.

A list of these entities is included Trablelll .1 below.

Table Il .1 Interested PartieswWho Commented on the WICF NOPR

Comment Number

Commenter Acronym Affiliation (Docket Reference)
Air Conditioning Contractors of America ACCA Trade Association |119
A|r-_Cond|t|on|ng, Heating, and Refrigeration AHRI Trade Association 083, 114

Institute

Alex Milgroom Milgroom Individual 090

American Panel Corporation APC, American Manufacturer 099

Panel
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Architectural Testing, Inc. AT Manufacturer 111
Arctic Industries, Inc. Arctic Manufacturer 117
Appllgnce Standards Awareness P.rqject, ASAP, ACEEE, N
AmericanCouncil for an Energy Efficient Efficiency
NRDC (ASAP et 7 113
Economy, and Natural Resources Defense al.) Organization
Council '
Bally Refrigerated Boxes, Inc. Bally Manufacturer 102
California Investor Owned Utilities CA I0Us Utility Association 089, 110
Center for the Study of Science Cato InstitutgCato, CSS E“'C'efmy. 106
Organization
Crown Tonka, ThermalRite and International ICS et al. Manufacturer 100
Cold Storage
Component/Material
ebmpapst Inc. ebmpapst Supplier 092
Hillphoenix Hillphoenix Manufacturer 107
Hussmann Corporation Hussmann Manufacturer 093
ImperialBrown 1B Manufacturer 098
KeepRite Refrigeration KeepRite Manufacturer 105
Lennox International Inc./Heatcraft Refrigerat Lennox Manufacturer 109
Products, LLC.
Louisville Cooler Louisville Cooler |Manufacturer 081
Manitowoc Company Manitowoc Manufacturer 108
National Coil Company NCC Comp_onent/MaterlaI 096
Supplier
National Restaurant Association NRA Consumer Advocate 112
New York StateDffice of the Attorney General AGNY State Official/Agency|116
Nor-Lake, Inc. Nor-Lake Manufacturer 115
North American Association of Food Equ'pmeNAFEM Consumer Advocate 1118
Manufacturers
Northwest Energy Efficiency Alliance and NEEA, NPCC Efficiency 101
Northwest Power an@onservation Council  |(NEEA et al.) Organization
Natural Resources Defense Council,
Environmental Defense Fund, Union of NRDC, EDC, UCSi|Efficiency 094
Concenrned Scientists, Institute for Policy  |IPI (NRDC et al.) |Organizatbn
Integrity
Robert Kopp Kopp Individual 080
Society of American Florists SAF Consumer Advocate {103
Suzanne Jaworowski Jaworowski Individual 074
The Mercatus Center at George Mason Mercatus, Mercatu|Efficiency
. ) 7 091
University Center Organization
THERMO-KOOL/Mid-South Industries, Inc. |ThermaeKool Manufacturer 097
U.S. Chamber of Commerce US Chamber of |Regional i 095
Commerce Agency/Association
U.S. Cooler Division of Craig Industries Inc [US Cooler Manufacturer 075, 104
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Heatcraft Refrigeratioroducts, LLC Heatcraft Manufacturer *

Honeywell Honeywell Manufacturer *

SmithBucklin Corporation SmithBucklin Manufacturer *

Heating, AirConditioning & Refrigeration

*
Distributors International HARDI Manufacturer
Heat Transfer Products Group HT, Heat Transfer |Manufacturer *
Component/Material |,
The Danfoss Group Danfoss Supplier

*These commenters were present at the public meeting but did not submit written comments.

DOE receivedeverakcommentsupporting its componeiltased approach tetting
standards for walkns. Nor-Lake, Kysor, and Louisville Cooler agreed wilis approach. (Nor
Lake, No. 115 at p. 1, Kysor, Public Meeting Transcript, No. 88 at p. 40, and Louisville Cooler,
No. 81 at p. 1) Bally, IB, and ICS commented that corepslevel standards were practical.
(Bally, No. 102 at p. 1, IB, No. 98 at p. 1, and Hillphoenix, No. 107 at p. 2) ACCA notes that
componerdevel standards simplify the compliance burden for assemblers. (ACCA, No. 119 at
p. 2) US Coolerlso agree with the component approach, noting that the refrigeration industry
is well established, and adding that a compo#erel approach will give US Cooler more
flexibility to meet theproposedequirements. (US Cooler, No. 88 at p. 51) ASAP and the CA
IOUs agreedwith the component performance approach for panels and doors. (ASAP, Public

Meeting Transcript, No. 88 at p. 16 a@é I0Us, Public Meeting Transcript, No. 88 at p. 30)

DOE received additional comments concerning how WICF component standards could
be setThermeKool commented that while component level standards were feasible,
components added to doors such as windmvaheater wiresamong othersshould be
regulated separatelyit added thatloors should be regulated along with wall and ceiling panels.

(ThermoKool, No. 97 at p. 1) Hillphoenix commented that standards for panels, walls, ceilings,
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and floors should also include the door panel. (Hillphoenix, No. 107 at p. 2)ridédlgl that
seting separatstandards for windowsould eliminate the need faloor manufacturen® test

the same dodwiceT i.e.with and without windows. (Bally, No. 102 at p. 5) APC commented
that electrical componentsuch as vision windows, heater wires, reliefts,andtemperature
alarms, should have separate standards and not be included in the analysidigplagrdoors.
(APC, No. 99 at p. 2) Th€A I0Uscommented that separate standards for the envelope and
refrigeration systems would be highly effeethhecausehey would reduce the possibility of
underperforming envelop@s underperforming refrigeration systemshe CA IOUs remarked
that it would have been difficult to enforcestandardhatallowed performanctadeoffs
between thenvelope and fageration system(CA IOUs, No. 110 at p. 1) The CA 10Us further
commented that separdighting performance standards fealk-ins would create more clarity

for performance requirements of display doo@A (OUs, No. 110 at p. 4)

In light of the corments received, DOE fsalizing an approach that sets separate
componerdevel standards for panels, doors, and refrigeration systems of WICFs. DOE
recognizes that refrigeration systems may be sold as two other separate cordpangrits
cooler and @ondensing un@ and is addressing this througkeparatapproach and

certification process for this equipment. For more details on this appsmchectiohil.B.2.

B. Test Procedures and Metrics

While Congress had initially prescribed certain performance standards and test
procedures concerning waiiks as part of the EISA 2007 amendments, Congress also instructed

DOE to develop specific test procedufeswalk-in equipment. DOE subsequently established a
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test procedure for walins. See 76 FR 21580 (April 15, 2011). See also 76 FR 33631 (June 9,
2011) (final technical correctionfpecently, DOE publisheadditionalamendmentthat would,
among other things, permit the use of alternative efficiency determination methods when
evaluating the energy usage of refrigeration system unit coolers and condens&eenitd.FR
XXXXX (April XX, 2014). These amendments have been takeragtount when formulating

the standards promulgated in this notice.

Theproposed amendments provige approach thatould base compliance on the
ability of component manufacturers to produce components that meet the required standards.
This approachsi also consistent with the framework established by Congress, which set specific
energy efficiency performance requirements on a compdeesgitbasis. (42 U.S.C. 6313(f))

The approach is discussed more fully below.

1. Panels
In the tesprocedure finafule forwalki ns, DOE defines fApanel 0 a

component, excluding doors, used to construct the envelope of thénwadk, elements that
separate the interior refrigerated environment of the-ivatkom the exterior). 76 FR158Q
21604(April 15, 2011).DOE explainedhat panel manufacturers would test their panels to
obtain a thermal transmittance medriknown as Ufactor, measured iBritish thermal units
(Btus) per housper square foot degrees (Fahrenh&@tu(h-ft>- F)d andidentifiedthree types of
panels: display panels, floor panels, and-floar panels. A display panel is defined as a panel
that is entirely or partially comprised of glass, a transparent material, or both, and is used for

display purposes. Id. It is considered equintite a window and the {actor is determined by
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NFRC 1062010EO0 A 1 , AProcedure for Det-famioisgoFeééeb
33639. Floor panels are used for walkloors, whereas nefioor panels are used for walls and

ceilings.

The Ufador for floor and norfloor panels accounts for any structural members
internal to the panel and the letggym thermal aging of foam. This value is determined
by a threestep process. First, both floor and #Htwor panels must be tested using
ASTMC13631 0, AnStandard Test Method for Ther mal P
Materials and Envelope Assemblies by Means of
and edge regions must be wused -factormusiloe t esti ng.
adjusted with a degdation factor to account for foam aging. The degradation factor is
determined by EN 13165:20@82, A Ther mal | nsul atRhaaary Pr oduct s
Made Rigid Polyurethane Foam (PUR) Produ@sp eci fi cati on,-62, or EN 131
ATher mal Produstufér BuildingsrFactory Made Products of Extruded
Polystyrene Foam (XP$)Speci fi cation, 0 as applicable. Thi
coreUf actors are then combi nefdctot Allindustyduce t he p
protocols were incorporadl by reference most recently in the test procedure final rule

correction. 76 FR 33631.

In response to the energy conservation standards NDBR receiveccomments
stating that the ASTM C1368IN EN 13164 andDIN EN 13165were significantly
burdensome for manufacturers to conduct. DOE addressed these comments in a separate

notice published oXX, whichproposed certain simplifications to the currpracedure.
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[ReferenceSpecifically, under this approach, manufacturessid no longer need to udiee
performancebased test procedures for WICF floor and-floor panels which include ASTM
C1363, DIN EN 13164, and DINE EN 13168) CFR Part 431, Subpart R, Appendix A,
sections 4.2, 4.3, 5.1, and 5.2). DOE recognizeslteaetperformaneleased procedures for
WICF floor and norfloor panels are in addition to the prescriptive requirements established in
EPCA for panel insulationRalues and, therefore, may increase the test burden to
manufacturersAs DOE is no longer regiring the performancbased procedures which were
ultimately used to calculate aVAlue of a walkin panel, the Department reverteditermal
resistance, or Ralue, as measured by ASTM C5&8 the metric for establishing performance
standards for walkn cooler and freezer panels. Based on the comments submitted by interested
parties, DOE finds thatsingASTM C518will provide a sufficient robust method to measure

panel energy efficiency while minimizing manufacturer testing burdens

2.Doors
The walkin test procedure final rule addressed two door types: display ardismay
doors. Within the general context of walis, a door consists of the door panel, glass, framing
materials, door plug, mullion, and any other elements that form the door of gartonnection
to the wall. DOE defines display doors as doors designed for product movement, display, or
both, rather than the passage of persons; aisptay door is interpreted to mean any type of

door that is not captured by the definition ofispthy door.See generally6 FR 33631.

The test metric for doors is in terms of energy use, measured in kHowat per day

(kWh/day). The energy use accounts for thermal transmittance through the door and the
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electricity use of any electrical compts associated with the door. The thermal transmittance
is measured by NFRC 1D10EO0A1, and is converted to energy consumption via conduction
losses using an assumed efficiency of the refrigeration system in accordance with the test

procedure. See HR at 3363633637. The electrical energy consumption of the door is

calcul ated by summing each electrical devicebo

device controls by applying a fAipercent ti me
consumpon. For any device that is located on the internal face of the door or inside the door, 75
percent of its power is assumed to contribute to an additional heat load on the compressor.
Finally, the total energy consumption of the door is found by combthggonduction load,

electrical load, and additional compressor load.

DOE received several comments aboetphoposednetric. NEEA, et al agreed with
the door metric heg a combination of the refrigeration load created by the heat loss through the
door plusheater dravcommnents associated with the doMWEEA, et al, No. 101 at p. 5INor-
Lake commented that doors also have-@allie metric like panels and that other energy
consuming devices should be considered as an additional load on theragbigsystem. (Ner
Lake, No. 115 at p)Bally commented that the metric for doors should be a funofitime
temperature of th&/ICF box, the linear periphery dimensionstbe door, the thickness of the
door and theéemperature ohumidity conditionghat exist on the outside of the do(ally, No.
102 at p.3) Hillphoenix commented that the energy consumptised by th@erimeter heat on
a door is not associated with surface area, but instead the length of the heater wire. (Hillphoenix,
No. 107 ap. 2) At the public meeting, Kysor commented that the door metric should irtbleide

R-value as tested by ASTM C518 and the electrical draw for heater wire, if used. (Kysor, Public
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Meeting Transcript, No. 88 at p. 98HRI suggested that the energy metdcdoor efficiency

be expressed as a function of door perimeter length, as opposed to surface area, since the largest
heat gain was at the periphery and edges. AHRI pointed out that while the perimeter of a
"medium" door was 11% greater than a "small"rdtlee surface area was 29% greasarsing

smaller doors to be over penalizdHRI, No. 114 at p.5)

In response to Nelcake comment, DOE agrees that atdisplay doors are very similar
to panels in that they are both primarily made up of insulatiomever, the DOE test procedure
adds the additional heat load caused by components like lighting and heater wire to the daily
power consumption of these doors. DOE opted for this method because the electrical
components, like heater wirare integratednito the doorsDOE thought this method was more
appropriate because the door manufactutetsrminewhich electricity consuming components
are integrated intothedodrn r esponse to Ballyds comment,
conditions of a walkn havean impact ora doois energy consumption. However, the thermal
conductance of a cooler or freezer door, a portion of the maximum energy consumption metric,
is measured at specific rating conditions to allow for equipment comparisons. These conditions
arelisted in 10 CFR 431.30dnd 10 CFRSubpart Rappendix A Additionally, DOE expects the
thermal transmittancas measured OYFRC 1002010EOA1 to capture the energy loss though
theperipheryof the doorbecausehis test method measures the heat tratsfeughan entire
door. DOE appreciates Kys@® comment, but finds th&tFRC 1062010E0AL, and industry
accepted test procedure, more accurately represents the thermal transmittance of E@Eloor.
agreesvith AHRI that the energy consumption of theatex wire is directly related to the

amount or length of heater wire usétbwever, EISA set a precedent by limiting the amount of
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heater wire per door opening area. Therefore, DOE is setting the standards in terms of door

surface area instead of perimeter

DOE also received comments on the door test procedure. Bally remarked at the public
meeting that the percent time off for device controls should be a floating value bevemsid it
be more practical than a set percent time off. (Bally, Public Me&tagscript, No. 88 at p. 148)
DOE appreciates Ballydés comment and acknowl ed
energy than other. However, the current test procedure does not measure the effectiveness of the
controls. Additionally, DOE is concerned thatorporating additional testing to measure a
controlspercent time off valuavould great undue burden on manufacturers. For these reasons

the Departmens not considering floating percent time off values.

3. Refrigeration

The DOE test procedure incorporates an industry test proceédat@ppliego walk-in
refrigeration systems: AHRI 1250-f)}2 0 0 9 , nR2009 Standard fer Pertf
I n Coolers and FR26692é) s o ((HTEBPrécedlrd dpplid0 4
three different scenarids(1) unit coolers and condensing units sold together as a matched
system(2) unit coolers and condensing units sold separately(@nait coolers connected to
compressor racks or multiplex condensing systems. It also ldesenethods for measuring the
refrigeration capacity, enycle electrical energy consumption,-gffcle fan energy, and defrost
energy. Standard test conditions, which are different for indoor and outdoor locations and for

coolers and freezers, are alsegfed.
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The test procedure includes a calculation methodology to compute an annuad walk
energy factor (AWEF), which is the ratio of heat removed from the envelope to the total energy
input of the refrigeration system over a year. AWEF is measurBtliilvV-h and measures the
efficiency of a refrigeration system. DOE established a metric based on efficiency, rather than
energy use, for describing refrigeration syst
energy use would be expected to incrdzszed on the size of the watkand on the heat load
that the walkin produces. An efficienehpased metric would account for this relationship and
would simplify the comparison of refrigeration systems to each other. Therefore, DOE is using
an energy coresvation standard for refrigeration systems that would be presented in terms of

AWEF.

Several stakeholders commented on the applicability of the test procedure to refrigeration
components (i.e., the unit cooler and the condensing unit) sold sepaX&EW, et al.
expressed support for the proposed standar dos
rating all condensing unitaNEEA, et al, No. 101 at p. 3) CA IOUs, on the other hand, asserted
that the AHRI 1250 test was inadequate because it esgaiunit cooler for testing a dedicated
condensing unit, which is a less reliable rating method due to the lack of a viable enforcement
mechanism. (CA IOUs, Public Meeting Transcript, No. 88 at p. 384) CA 10Us recommended
modifying the AHRI 1250 test medl so that all unit coolers connected to remote condensing
units are treated the same, whether they are connected to a dedicated, shared, or multiplex remote
condensing unit. (CA IOUs, No. 110 at p. 2) CA I0OUs further recommended developing a
separate AHRStandard fothe performance rating of WICF refrigeration condensing units,

along with TSLqi.e. Trial Standard Levelg)nd energy conservation standards specific to
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refrigeration condensing units. (CA IOUs, No. 110 at p. 3) Manitowoc asserted that
manugcturers that build only condensing un#tut not evaporator coils could not test the

efficiency of the entire refrigeration syste(Manitowoc, No. 108 at p. 2)

Other stakeholders commented specifically on the metrics established by the test
procedureKeepRiteand Bally suggested thtite energy efficiency raticcgR) of the
condensing unit and evaporator be used as the refrigeration system metric and basis of
performance specifications in place of AWEKeépRite No. 105 at p. 1; Bally, No.QR at p. 3)
AHRI commented that the use of dudycle adjusted EER for condensing units and unit coolers,
separately, was a more accurate metric than AWEF and should be the basis for performance
specifications, because evaporator assemblies, condendisgamai refrigerants were often
specified by contractors, procured from multiple manufacturers, and assembled as custom
systems. (AHRI, No. 114 at p. 2) Louisville Cooler commentedu$iag awattsperhour was a
more practical and replicable method afasuring energy use, and AWEF is impacted by
variables such as ambient temperature and seasonal changes. (Louisville Cooler, No. 81 at p. 1)
NEEA, et al, on the other hand, stated that AWEF was a logical metric to rate cooling system
component efficiencin a way that enabled marketplace differentiation and simplified

compliance and enforcemeNEEA, et al, No. 101 at p. 2)

DOE understands that the test procedure, as originally conceived, required both a unit
cooler and a condensing unit to be testedrder to derive an AWEF rating for the system. In
light of the issues about enforcement and manufacturer burden raigesd?y IOUs and

Manitowoc, DOE hasdeveloped a separate approaddressing certification issues for
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manufacturers who produce asell condensing units and/or unit coolers as separate products.
Under tratapproach, a manufacturer who sells a unit without a matched condensing unit must
rate and certify a refrigeration system containing that unit cooler by testing according to the
metlodology in AHRI 1250 for unit cooleiatended to be used withparallel rack system (see
AHRI 1250, section 7.9). The manufacturer would use the calculation method in this section to
determine the system AWEF and certify this AWEF to DOE. Additionallyynit coolers tested
and rated as part of a systendarthis method must comply with the standards in the multiplex
equipment classes. DOE notes that this approach is consistent with the approach recommended
by the CA I0Us because the same approach is used for sepactetnit coolers regardless of
what knd of condensing unit they are paired with. A manufacturer who sells a condensing unit
separately must rate and cerifyefrigeration system containing that condensing unit by
conducting the condensing unit portion of thst method (using the standaatings in section

5.1 of AHRI 1250:2009) but applying nominal values for saturated suction temperature,
evaporator fan power, and defrost energyrder to calculate an AWEF for the refrigeration
system basic model containing that condensing ufiltesenominalvalues would be

standardized, which means that other similarly situated manufacturers would use these values
when calculating the efficiency of a refrigeration system using their particular condensing unit.
For complete details on how refriggoen system components must be rated and certified under
this approach, see 79 FR XXXXX, XXXXX (detailing revised approach to be incorporated
under 10 CFR 431.304(c)(10) response tthe comments abouhe appropriate metrics to

use DOE notes thait is continuingto use AWEF as the metric for WICF refrigeration systems
and components, and continues to base its standards on AWEF. DOE believes AWEF is

sufficient to capture WICF system and component performance and has not established a
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different metri¢ such as EER or watts/hour, for rating refrigeration equipment. In response to
Louisville Coolerdéds comment on the effect of
the test procedure established a set of uniform rating conditions that covetenauttbient

temperatures as a proxy for seasonal changes a system exposed to the outdoors may encounter.
DOE6s standards are based on rating systems u

the test procedure, thus maximizing the repeatabilithetest.

Lennox noted that the test procedure did not contain provisions for multiple unit cooler
matches on a single condensing utiennox No. 109 at p. 3) DOBcknowledges this fatiut
notes that manufacturer installation instructions typicalktyude setup of multiple unit coolers
because this setup is commonly used; for instance, by installers who wish to distribute airflow
more evenly around a large waltk During the test, the system should be set up per the
manuf act ur er 0wtionsnDOE autcksaftlly conductedctesting of a system with
two unit coolers as part of its rulemaking analysis. However, if DOE finds that such instructions
are sufficiently unclear to others testing their equipment, DOE may introduce a test procedure

addendum or amendment with more specific instructions for setup and testing.

Further, sme commenters identified types of systems or technologies that would not be
covered by the test proceduHussmanmtommented that the AHRI 1250 procedure did not
contan test methods for secondary refrigeration systems, such as those utilizing glycol, brine, or
CQO,. (HussmannNo. 93 at p. 2) Danfoss commented that by regulating units in stéaey
conditions, the proposed rule automatically excluded adaptive conitatsh had tremendous

energy savings potential. (Danfoss, Public Meeting Transcript, No. 88 at p. 115) ACEEE agreed
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with Danfoss that the AHRI 1250 procedure lacked the ability to account for controls, and other
design options not affecting steasiyate @aergy consumption. (ACEEE, Public Meeting
Transcript, No. 88 at p.14#HRI addedthat the AHRI 1250 test procedure was likely to be

updated in the next three to six months. (AHRI, No. 114 at p. 3)

DOE agrees with Hussmann that the AHRI 1250 proceduwes dot cover secondary
refrigeration systems, and agrees with Danfoss and ACEEE that controls or other options not
affecting steadystate energy would also not be covered by AHRI 1250. If a manufacturer
believes that the test procedure in its current fdo@s not measure the efficiency of the
equipment in a manner representative of its true energy use, the manufacturer may apply for a
test procedure waiver. DOE also notes that should the industry develop a test method for WICF
units with secondary refrigation systems or adaptive controls, or update the existing test
method so as to include such provisions, DOE will consider adopting it for WICFs. To address
AHRI 6s comment , DOE will also consider adopt.i

developed.

C. Certification, Compliance, and Enforcement

In keeping with the requirements BPCA DOE proposed a compliance date of three
years from the date of publication of the final ra18.FR 55830 (September 11, 2013)
DOE received a variety of comments aegdjng ths issue Several stakeholders commented in
favor of a thregyear period between the final rule and the compliance date. Speciicaig,

et al.urged DOE to adopt a compliance date three years after publication of the final rule, since
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D O E odnalysia of manufacturer impacts suggélat conversion costs to meet the proposed
standards would be modeASAP, et al, No. 113 at p. 5) Manitowoc stated that once the
standard is finalized, three years is a sufficient timeframe for compli@viaaitowoc, No. 108

at p. 3)ASAP, et al.noted that a compliance date of three years after the publication of the final
rule is reasonable and that a later compliance date would result in avoidable loss of energy

savings. (ASARet al, No. 113 at p. 5)

Several stakeholdefavoreda longer period between the final rule and the compliance
date.Hussmanrstated that DOE should consider the certification process when setting the
compliance date and that the compliance date of the proposed standard stdri&yed so as
to allow for an AEDM to be enforced before the compliance détasgmannPublic Meeting
Transcript, No. 88 at p. 75, and No. 93 at p. 6) Lennox expressed concern thatyadhree
compliance timeframe is not adequateer(nox No. 109 ap. 7) NorLake requested that DOE
extend the compliance date beyond 2017 and noted that a compliance date of April 2017 may not
give manufacturers enough time to complete required testing since there are currently no known
labs in the US. thatcanperform the DIN EN 13164/13165 testdor-Lake observed that
manufacturers that produce panels and refrigeration would be overloaded with having to perform
both sets of test§Nor-Lake, No. 115 at 3-5) Hillphoenix requesteddditionaltime for the
compliane date and testing to allow for more labs to qualify for testing, because currently none
can. (Hillphoenix, No. at p. 69) AHRI recommended that the timeline consider the fact that there
is no AHRI or other thiregparty certification program for these protiid AHRI, Public Meeting

Transcript, No. 88 at p. 76)
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Regarding enforcemertfussmanrcommented that it was unclear how DOE intended to
enforce the standard for cooling systems,andAGQu ggested that an outl in
intended enforcement policy becluded in the final rule HussmannNo. 93 at p. 1; ACCA, No.
119 at p. 2) ACCA further urged that DOE simplify compliance obligations for the assembler,
including giving the industry one year after adoption of an enforcement policy to comply with

enforcement provisions. (ACCA, No. 119 at p. 3)

DOE notes that it has since simplified the testing requirements for WICF compbnents
in part by eliminating the requirement to test panels using the ASTM C1363 and DIN EN
13164/13165 tests. For refrigeration systems, DOE established a testing approadictmlers
and condensing units sold separately and allowed refrigeration systems, unit coolers, and
condensing units to bratedusing an Alternative Efficiency Determination Method, or AEDM.
[Add citation to TP rulemaking.] DOE believes these chasgestantially simplify the process
for certification, compliance, and enforcement. Therefore, DOE does not believe additional time

is needed for compliance beyond three years from the publication of this notice.

Since componerevel standards were proged in the NOPR, DOE requested comments
on who should be responsible for complying with the regulab®@E received comments from
multiple interested parties in this regafdhe CA I0Us stated that DOE found that the contractor
i s t he A ma nthaf DEOE shautd eheréforegproddepath tacertificationfor
contractors. (CA 1019, No. 89 at p. 20) The CA I0Us further commented that manufacturers sell
lighting systems specifically designed for cold storage facilities and these could therefore be

reguated at the point of manufacture. (CA IOUs, No. 110 at p. 4) ACCA noted that the assembly
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of WICF component parts is often performed by indepeniteaiting, ventilation, air
conditioning, and refrigeration (HVAC/Rgchnicians not employed by component pa
manufacturers. (ACCA, No. 119 at p.Up Cooler noted that the proposed standard could
significantly impact manufacturers who made individual refrigeration compothetta/erethen
assembled into complete systems by contractors. (US CPBalelic Meeting Transcriptyo. 88

at p. 344 More specificallyUS Cooler expressed concern that wholesalers and contractors
would not be held to the same level of compliameeomponentmanufacturerswhich would

put US Cooler at a competitive disadvayga(US Cooler, Public Meeting Transcript, No. 88 at
p. 51)American Panel agreed that the standards must also apply to wholesalers, as well as
component manufactureis preventwholesalersrom circumventinghe regulation (for

instance, by selling coal@anels for freezer applications). (American Panel, No. 99 at p. 2)
HARDI stated that holding the wholesaler responsible would limit product availability for
replacement and repair. (HARDI, Public Meeting Transcript, No. 88 at p. 53) ACEEE stated that
theapproach chosen should support the goal of legitimate repair parts withaagabas
system, where fArepairodo components are being
(ACEEE, Public Meeting Transcript, No. 88 at p. 54) Danfoss noted that abpatc2htof

WICF refrigeration systemare assembled by contractors and not sold as combined sets, and
American Panel noted that p&rcentof systemsareunit coolersconnected to rack systems,
where below 1@ercentare dedicated systems matched by a cotura(Danfoss, Public

Meeting Transcript, No. 88 at p. 60, and APC, Public Meeting Transcript, No. 88 at p. 60)
Danfossfurther expressed concettmat the proposed standard would preclude rfzaturers like
itself who soldonly condensing units, but nabmplete systemdgrom being able to sell products

into the WICF market(DanfossPublic Meeting TranscripiNo. 88 at p. 343)
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In general, DOmotes that the terim ma n u f a c t u rirerefars taarfy peasonwad k
(1) manufactures a component of a walkcooler or walkin freezer that affects energy
consumption, including, but not limited to, refrigeration, doors, lights, windows, or wa(g) or
manufactures or assembles the complete avattooler or walkin freezer (See 10 CFR
431.302.)or purposs of certification, DOE will require the manufacturer of the walk
component to certify compliance -based. NamBIDEG S st
the manufacturer of a panaidoor that is used in a walk must certify compliance.
Manufactuers of refrigeration system componéntsamely, unit coolers and condensing
unitsd that sell those components separately must rate and certify those compoeh#éats
manufacturers of complete refrigeration systems whose components are not already separately
certified must rate and certify those systems manner consistentwitOE6s r ecent f i n
published at 79 FRXXXX . This approachwill allow manufacturers of oneefrigeration
component but not the other to sell their pro
concern.The manufacturer of the complete watk or the assembler of any component thereof
(for example, a person who assembles a walefrigeration systenrém a separatelgold unit
cooler and condensing unit) must use componen
WICF standards. This approach avoids the compliance and certification issues inherent in
requiring assemblers or contractors to cgMiflCF equipment, while maintaining the
responsibility of assemblers or contractors to abide by the same standards as WICF components
manufacturers, which DOE believes addresses U
disadvantage. This approach also requimat newly manufactured components comply with the

DOE standards, regardless of whether they are being assembled into a nénwordiking used
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as a replacement component on an existingwatk, whi ch addresses ACEEE(¢
the abuseadfr ot deesfirgnat i ctatememhtadealDamoseaod at es t h
American Panel, and notes that becauseinsevera

coolers, it has developed its certification requirements accordingly.

D. Technological Fealsility

1. General

In each standards rulemaking, DOE conducts a screening analysis, which it bases on
information gathered on all current technology options and prototype designs that could improve
the efficiency of the products or equipment that are thgestiof the rulemaking. As the first
step in such analysis, DOE develops a list of design options for consideration in consultation
with manufacturers, design engineers, and dtiterested parties. DOE then determines which
of these means for improvirggficiency are technologically feasible. DOE considers
technologies incorporated in commercial products or in working prototypes to be technologically
feasible. 10 CFR 430, subpart C, appendix A, section 4(a)(4)(i) Although DOE considers
technologies thare proprietary, it will not consider efficiency levels that can only be reached
through the use of proprietary technologies.(a unique pathway), as it could allow a single

manufacturer to monopolize the market.

Once DOE has determined that patacwesign options are technologically feasible, it
generally evaluates each of these design options in light of the following additional screening
criteria: (1) practicability to manufacture, install, or service; (2) adverse impacts on product

utility or availability; and (3) adverse impacts on health or safety. 10 CFR part 430, subpart C,
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appendix A, section 4(a)(4)@(v) SectionlV.C of this notice discusses the results of the
screening analyses for wailk coolers and freezers. Specifically, it pretsethe designs DOE
considered, those it screened out, and those that are the basis for the TSLs in this rulemaking. For

further details on the screening analysis for this rulemaking, see chapter 4 of the TSD.

2. Maximum Technologically Feasible Levels

WhenDOE proposes to adopt an amended standard for a type or class of covered
product, it must determine the maximum improvement in energy efficiency or maximum
reduction in energy use that is technologically feasible for such product. (42 U.S.C. 6295(p)(1))
Accordingly,in the engineering analysiSOE determined the maximum technologically
f easi bit e cifmiirgraments in energy efficienégr walk-ins using the design
parameter$or themost efficientproductsavailableon the market or in working prdipes (See
chapter5 of the final rule TSD The maxtech levels that DOE determined for this rulemaking

are described in section V.A.2 of this final rule.

E. Energy Savings

1. Determination of Savings
For each TSLDOE projected energy savingom theequipment at issue that are
purchasediuringa 30-year period that begins in the year of compliance with amended standards

(2017 2049. The savings are measured over the entire lifetime of products purchased in the 30
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year period? The model forecasts tdtanergy use over the analysis period for each
representative equipment class at efficiency levels set by eachauirttidered’SLs. DOE then
compares the energy use at each TSL to thedss®eenergy use to obtain the NES. The NIA

model is described isectionlV.l of this notice and in chapter 10 of thweal rule TSD.

The NIA spreadsheet model calculates energy savings in site energy, which is the energy
directly consumed by products at the locations where they are used. For electricity, DOE reports
national energy savings in terms of the savings irptimaryenergy that is used to generate and
transmit the site electricity.o calculate this quantity, DO#erives annual conversion factors

from the model used to prepare the Energy Information Admtinr a t i oAmraual Energyl A)

Outlook (AEQ).

DOE has begun to also estimate-fukl-cycle energy savings. 76 FR 51282 (August 18,
2011), as amended at 77 FR 49701 (August 17, 2012). THadlitycle (FFC) metric includes
the energy consumed in extting, processing, and transporting primary fuels, and thus presents
a more complete picture of the i mpacts of ene

savings is driven in part by the National Aca

21n the past, DOE presented energy savings results for only theaB(eiod that begins in the year of
compliance In the calculation of economic impacts, however, DOE considered operatirgpeivgts measured
over the entire lifetime ofquipmenpurchasediuringthe 38year periodDOE has chosen to modify its

presentation of nationahergy savings be consistent with the approach used for its national economic analysis.
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measuremet approaches for DOE®6 s®TAgNAS reppmdiseussSst andar
that FFC was primarily intended for energy efficiency standards rulemakings where multiple

fuels may be used by a particular product. In the case of this rulemaking pert@aivadg-ins,

only a single fud electricitytpi s consumed by the equi pment. DO
calculation of an FFC multiplier for each of the energy types used by covered equipment.

Although the addition of FFC energy savings in the rulemaksgsensistent with the

recommendations, the methodology for estimating FFC does not project how fuel markets would
respond to this particular standard rulemaking. The FFC methodology simply estimates how

much additional energy, and in turn how many tdnsnaissions, may be displaced if the

estimated fuel were not consumed by the equipment covered in this rulemaking. It is also
important to note thahei ncl usi on of FFC savings does not a

standardsf-or more information on FFC energy savings, see sedfibn

2. Significance of Savings
To adoptmorestringentstandardgor a covered producDOE must determindnait such
actionwould result in significant additional energy savings. (42 U.S.C. 6295(0)(3)(B),(v) and
6316(a) Althought he ter m Asignificanto is not defined

the District of Columbigin Natural Resources Defenseu®ail v. Herrington 768 F.2d 1355,

1373 (D.C. Cir. 1985), indicated that Congress intended significant energy savingsontext

of EPCAt o be savings that WkeeenetgVgeavuingsyf or |

BARevi ew o fof-lBeé) ane FufFRebdyaletMeasurement Approaches to DOE/EERE Building Appliance
Enegy-Ef fi ci ency Standards, 66 (Academy report) was compl e
A copy of the study can be downloaded at: http://www.nap.edu/catalog.php?record_id=12670.
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standards are nontrivial, and,the f or e , DOE considers them fAsi

section 325 of EPCA.

F. Economic Justification

1. Specific Criteria
As discussed in sectidhA, EPCA provides seven factors to be evaluated in determining
whether a potential energy conservatitandard is economically justified. (42 U.S.C.
6295(0)(2)(B)(i) and316(a) The following sections generally discuss how DOE is addressing

each of those seven factors in this rulemaking.

a. Economic Impact on Manufacturers and Commercial Customers

In deternmning the impacts of a potential new or amended energy conservation standard
on manufacturer§OE conducts a manufacturer impact analysis (MIA), as discussed in section
IV.K. First, DOE determines its quantitative impacts using an annual cash flow approach. This
includes both a sheterm assessment (based on the cost and capital requirements associated
with new or amended standards during the period betweeamttweincement of a regulation and
the compliance date of the regulation) and a{@mg assessment (based on the costs and
marginal impacts over the 3@ar analysis peridd). The impacts analyzed include INPV
(which values the industry based on expectgdré cash flows), cash flows by year, changes in

revenue and income, and other measures of impact, as appropriate. Second, DOE analyzes and

1 DOE also presents a sensitivity analysis that considggadts for equipment shipped in-g&ar period.

54

gn



reports the potential impacts on different types of manufacturers, paying particular attention to
impacts on smalhnanufacturers. Third, DOE considers the impact of new or amended standards
on domestic manufacturer employment and manufacturing capacity, as well as the potential for
new or amended standards to result in plant closures and loss of capital investratiyt DRDE

takes into account cumulative impacts of other DOE regulations anD@&nregulatory

requirements on manufacturers.

For individual customers, measures of economic impact include the changes in LCC and
the PBP associated with new or amendeddstais. These measures are discussed further in the
following section. For consumers in the aggregate, DOE also calculates the national net present
value of the economic impacts applicable to a particular rulemaking. DOE also evaluates the
LCC impacts of ptential standards on identifiable subgroups of consumers that may be affected

disproportionately by a national standard.

b. Savings in Operating Costs Compared to Increase in Price

EPCA requires DOE to consider the savings in operating costs throughostitested
average life of the covered product compared to any increase in the price of the covered product
that are likely to result from the imposition of the standard. (42 U.S.C. 6295(0)(2)(B)DQB)

conducts this comparison in its LCC and PBP amalys

The LCC is the sum of the purchase price of equipment (including the cost of its
installation) and the operating costs (including energy and maintenance and repair costs)

discounted over the lifetime of the equipm@nd.account for uncertainty and variability in
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specific inputs, such ggoductlifetime and discount rate, DOE uses a distribution of values,
with probabilities attached to each val&er its analysis, DOE assumes that consumers will

purchase the coverguloducts in the first year of compliance with amended standards.

The LCC savingand the PBRor the considered efficiency levels are calculated relative
to a basecase scenario, which reflects likely trends in the absence of new or amended standards.
DOE identifies the percentage of consumers estimated to receive LCC savings or experience an
LCC increase, in addition to the average LCC savings associated with a particular standard level.

DOE6s LCC and PBP anal ysi secton?v.Gdi scussed in fu

c. Energy Savings
Althoughsignificant conservation of energy iseparatetatutory requirement for
adoptingan energy conservation standard, EPCA alsoires) DOE, in determining the
economic justification of a standard, to consider the total projected energy savings that are
expected to result directly from the standard. (42 U.S.C. 6295(0)(2)(B)(i)(111$3b6(a) DOE
uses NIA spreadsheet resutigroject national energy savings.
For the results of DOEG®Os rgysauingy see sectibAe3 ofthise d t o

notice.

d. Lessening of Utility or Performance of Equipment
In establishing classes of equipment, and in evaluating design options and the impact of
potential standard levels, DOE seeks to develop standards that would not lessen the utility or

performance of the equipmieunder consideratio@mOE has determined that nookthe TSLs
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pr esent e dinalrulewbuld dedugedrse utility or performance of the equipment
considered in the rulemaking. (42 U.S.C. 6295(0)(2)(B)(i)(IV) @t6(a) During the

screening analysj DOE eliminated from consideration any technology that would adversely

i mpact customer wutility. For the results of
amended standards on equipment utility and performance, see $eédliaf this notice and

chapter 4 of thénal rule TSD.

e.Impact of Any Lessening of Competition

EPCA requires DOE to consider any lessening of competition that i tdkeesult from
setting new or amended standards for a covered product. Consistent with its obligations under
EPCA, DOE sought the views of the United States Department of Justice (DOJ). DOE asked
DOJ to provide a written determination of the impacany, of any lessening of competition
likely to result from the amended standards, together with an analysis of the nature and extent of
such impact. 42 U.S.C. 6295(0)(2)(B)(i)(V) and (B)(iip assist DOJ in making such a
determination, DOE provided DOJti copies of both the NOPR and NOPR TSD for review.
DOJ subsequently determined that the amended standards are unlikely to have a significant
adverse impact on competitiolccordingly, DOE concludes that today's final rule would not be

likely to lead toa lessening of competition.

f. Need of the Nation to Conserve Energy
DOE also considerthe need for national energy and water conservatidetermining
whether a new or amended standard is economically jusiifigd).S.C. 6295(0)(2)(B)(i)(V1)

and6316(3) The energy savings from new or amended standards are likeipitovethe
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security and reliability of the Nationds ener
may also result in reduced cost ledriotysystemni nt ai n
DOE conducts a utility impact analysis to estimate how new or amended standards may affect

the Nationb6és needed power generation capacity

Energy savings from amended standardsviak-ins are also likely to result in
environmental beefits in the form of reduced emissions of air pollutants and GHGs associated
with energy productione(g., from power plants). For a discussion of the results of the analyses
relating to the potential environmental benefits of the amended standard=;ts@es/.L,

IV.M andV.B.6 of this notice. DOE reports the expected environmental effects from the
amendedstandards, as well as from each TSL it considered/dti-insin theemissions analysis
contained in chapter3lof thefinal rule TSD. DOE also reports estimates of the economic value

of emissions reductions resulting from the considered Tistkapter 14 of the final rule TSD

g. Other Factors

EPCA allows the Secretary, in determining whether a new or amended standard is
economically justified, to consider any other factors that the Secretary deems to be relevant. (42
U.S.C. 6295(0)(2)(B)(i)(VIl) ad6316(a) Ther e wer e no other factors

final rule.

2. Rebuttable Presumption
As set forth in 42 U.S.C. 6295(0)(2)(B)(iii) ae816(a) EPCA provides for a rebuttable

presumption that an energy conservation standard is economicéfiggui$ the additional cost
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to the customer of equipment that meets the new or amended standard level is less than three
times the value of the firgtear energy (and, as applicable, water) savings resulting from the
standard, as calculated under thelappc a bl e DOE test procedur e. DOE
generate values that calculate the PBP for customers of potential new and amended energy
conservation standards. These analyses include, but are not limited tyectreRBP

contemplated under thelnattable presumption test. However, DOE routinely conducts a full
economic analysis that considers the full range of impacts to the customer, manufacturer, Nation,
and environment, as required under 42 U.S.C. 6295(0)(2)(B)(i»3b6l(a) The results of thse
analyses serve as the basis for DOE to evaluate the economic justification for a potential
standard level definitively (thereby supporting or rebutting the results of any preliminary
determination of economic justification). The rebuttable presumpagback calculation is

discussed in sectidiv.G.12 of this notice.

V. Methodology and Discussion of Comments

A. GeneraRulemaking Issues

During theOctober9, 2013 NOPRoublic meetingand in subsequent written comments,
stakeholders provided input regarding general issues pertinent to the rulermaungthe
trial standard levelghe rulemaking timelineggnd othesubjects These issues adéscussed in

this section.

1. Trial Standard Levels
In the NOPR, DOE proposed the adoption of TSL 4 as the energy conservation standard

for walk-ins, based on analysshowingthat this level was both technically and economically
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feasible. 78 FB5845(Sepember 11, 2013) NEEAtalagr eed wi t h DOEOGS prop

that TSL 4 represented the highest economically justified efficiency level, even though higher

efficiencies were technologically feasible. (NEERal, No. 101 at p. 4)

Reacti on tpasal Wa® somavhgd mixadth several parties viewinte
proposed standard as sufficiently aggressive for some compdugmsufficient for other
components Speci fically, ASAP opined that DOEO®GS
urged DOE to cosider a TSL 4.5, which would combine the envelope components of TSL 4,
and the refrigeration components of TSL 5. (ASAP, No. at p. 15) Similar;AN©Us, while
agreeing with the proposed TSL for panels, urged DOE to adopb T&Llrefrigeration sysims,
since enhanced condenser coil, improved evaporator fan blades, and improved defrost controls
all of which are refrigeration systems componéntéfered cost effective options DC#hould

consider. (CAOUSs, Public Meeting Transcript, N88 at p. 2§

On the other hand, some commentaesved the proposal asfeasible for manufacturers
to meet. ThermoKool and US Cooler opined that TSL 2 was adequate. (US @obler,
Meeting TranscriptNo. 88 at p. 376, ThermoKool, No. 97 at p. 5) Lennoxhational also
noted that DOE6s AWEF values for TSL 4 were

(Lennox No. 109 at p. 1)

With regard to the selection of design options at each TSL:-LBlke recommended that
TSL 4 shoulcconsider standard levelsquiring panels no thicker than 4 incliesclass SP.Las

thiswas the current panel thickness most common in the industrylLakernoted that
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increasingranelthickness greatly increases production time and cost-I[(Hke, No. 115 at p.

2)

In respomse to the comments from stakeholders, DOE reformulated its TSLs. See section

V.A for further discussion on the TSLs.

2. Rulemaking Timeline

A number of stakeholderso mme nt ed o n BDlemakisg tipaline.dGs5s e d
requested that the target date for the final rule beeah beyond April 2014 to allow more
opportunity for discussion and the development of a standard, and specifically recommended the
final rule date be extended to at least 2016 to resolve all uncertainties in the analysis, using more
accurate industry datéiCS et al, No. 100 at p.2 and 6). Lennox recommended a twaleeth
delay in finalizing the proposed rule, in order for DOE to address modeling discrepancies and
assumption errors in addition to providing separate performance targets for unit andlers
condensing unitsLénnox No. 109 at p. 7) Hillphoenix urged DOE to consider extending the
completion date of the final rule, to allow, at minimum, four more opportunities for exchange of
information between DOE and manufacturers. (Hillphoenix, N@.at@. 3) The&CA I0Us
suggested that DOE delay the adoption of energy conservation standards for eallers in
order to rewrite the standards to make them more enforceable, and to depemgiestandards

for condensing unitsA I0Us, No. 110 ap. 3)

Additionally, Bally commented that the timeline is probably unrealistic due to the need

for an additional public meeting. (Bally, No.
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final rule in place by April 2014 is very ambitious and doessatlow enough time to make

necessary modifications to the proposed rule. IB requested additional public meetings where the
analysis assumptions can be reviewed in depth with manufacturers. (IB, No. 98 at p. 4) NCC
stated that the time provided by DOE foanufacturers to evaluate the proposed standard was
insufficient. (NCC, No. 96 at p. 2) Therakool commented that the target date for the final rule
should be extended in order to allow manufacturers to fully understand DOE's analysis, and to
facilitatemore public meetings. (ThermoKool, No. 97 at p. 5) Danfoss urged DOE to consider
moving forward with the overall rulemaking but to take more time with the condensing unit and
unit cooler split, potentially with an SNOPR, and to take separated condendiogaimg units

into account. (Danfoss, Public Meeting Transcript, No. 8%a8® and 72)

Public comment was also receivegposingo extendinghe scheduleOn the industry
side,ebmpapstrecommenddproceeding quickly with the regulation becausaiges the bar
and spurs development toward a more sustainable refrigeration industrypgebniNo. 92 at p.
2) Similarly, AGNY commented that the delay in amending efficiency standardeaiérins has
led to inefficient products staying on the markkpriving purchasers of more effective options,
and further asserted that delays have cost the nation $2.2 billion in lost savings. (AGNY, No. 116

atp. 2)

While DOE appreciates the concerns expressed by commenters regarding the current
rulemakingtimeline, DOE believes that the recent modifications it has made will permit

manufacturers to much more easily address the various requirements that will be established by
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t o d ay OFer detaildegardingheseparate analysis and certification of igeration system

componentsses e [ add citation to the TP final rul e,

B. Market and Technology Assessment

When beginning an energy conservation standards rulemaking, DOE develops
information that provides an overall picture of the mafaethe equipment concerned, including
the purpose of the equipment, the industry structure, and market characteristics. This activity
includes both quantitative and qualitative assessments based primarily on publicly available
information €.9, manufacturer specification sheets, industry publications) and data submitted by
manufacturers, trade associations, and other stakeholders. The subjects addressed in the market
and technology assessment for this rulemaking include: (1) quantities aseftygmpiipment
sold and offered for sale; (2) retail market trends; (3) equipment covered by the rulemaking; (4)
equipment classes; (5) manufacturers; (6) regulatory requirements anegatatory programs
(such as rebate programs and tax credits); ané¢rinologies that could improve the energy
efficiency of the equipment under examination. DOE researched manufacturei&-of
coolers and waklin freezersand made a particular effort to identify and characterize small
business manufacturers. Seeptba 3 of theinal rule TSD for further discussion of the market

and technology assessment.

1. Equipment Included in this Rulemaking
a.Panels and Doors
In the NOPRDOE identified three types of panels used in the swalkdustry: display

panels, floor parle, and norfloor panels. Based on its research, DOE determined that display
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panels, typically found in beer cave®(walk-ins used for the display and storage of beer or
other alcoholic beverages often found in a supermarket) make up a small peroéatbganels
currently present in the market. Therefore, because of the extremely limited energy savings
potential currently projected to result from amending the requirements that these panels must
meet,DOE did not propose to set new standardsialk-in display panels. Display panels,
however, must still follow all applicable design standards alrpaelscribed by EPCASe€l0

CFR 431.306(b). Additionally, DOHeclined to propose standards for watdlcoolerfloor

panels becaud@OE determinedhroudh manufacturemterviews and market researttatthe
majority of walkin coolers are made with concrete floors and do not use insulated floor panels.

DOEdid, however, propose standards for other panels (i.e. door, ceiling and wall)

Several stakeholdg supported O E preposal taot set new standards faisplay and
cooler floor panels. Thermidool andHillphoenix agreed that display panels and cooler floor
panels should be excluded. (Theriool, No. 97 at p. 2Hillphoenix,No. 107 at p.BNEEA
staed that it was impractical to regulate or require floors for wakkoolers. (NEEA, No. 101 at
p. 3)American Panelhowever, believed that additional energy savings were possible while
imposing only aninimal burderon industry if walkin coolers wereeaquired to usensulated
floor panels or insulated concrete slabs with thermal breaks instead of requiring panel
manufacturers to increase panel thickness. (American Panel, No. 99 aD@QH@ygrees with
American Panel that in theory a watkcoolers wald consume less energy with a insulated
floor. However, EPCA directs DOE to adopt performance standards ofinvafid thus the

Department cannot require all walk coolers to be installed with insulated floors. Additionally,
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the Departmengxpectedhatsetting an Rvalue requirement for walla cooler floor panels

would cause manufactures to stop selling cooler floor panels to avoid the certification burden

American Panel asked if DOE considered freezers ingilea walkin that arebuilt
inside another waklin. American Panehoted that for coolefreezer combination units,
complicated dividing wall panels were required, which were complicated to manufacture, and
would be very expensive, should the walkreezer require 5 inch inktion. (American Panel,
No. 99 at p.5) DOE agrees that its analysis does not account for the specific installation scenarios
of walk-in panels beyond cooler versus freezer applications. However, the Department reiterates
that it is not establishing pregative standards so freezer panels would not be required to be a

specific thicknes$ only that they meet a particular thermal resistance value

DOE also identified two types of doassedin the walkin market, display doors and
non-display doors, whie are discussed in sectidih2.A. of this NOPR. All types of doors will

be subject to the performance standards proposed in this rulemaking.

b. Refrigeration Systems

Blast chillers and blast freezers

In the NOPR, DOE did nonclude blast freezers its rulemaking analysjdut proposed
to apply the same standards to blast freezer refrigeration systems as to storage freezer
refrigeration systems, unless D@iere to findthat blast freezer refrigeration systems would
have difficulty caodargsl DOE regquested dormebt<fora the psidic on

the inclusion of blast freezers within the scope of the proposed’BifeRat55799. In response,
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NEEA, etal,Hussmannh ACEEE, American Panel, the Calif ol
Hillphoenix, Lenna, AHRI and NorLake urged DOE to carefully define blast chillers and
freezers, and to exclude them from the products covered by the proposed rule, since these were
food processing equipment, as opposed to food storage equipment like most other walk

coders and freezer (NEEA et al, No. 101 at p. SHHussmannNo. 93 at p. 7ACEEE,Public

Meeting TranscriptNo. 88 at p. 112APC, Public Meeting Transcriptjo. 88 at p. 111CA

IOUs, Public Meeting Transcripiyo. 88 at p. 109Heatcraft,Public Meeting Transcripiyo. 88

at p. 108 Bally, Public Meeting Transcriptjo. 88 at p. 108Hillphoenix, No. 107 at p.;3

Lennox No. 109 at p. 4AHRI, No. 114 at p. 3Nor-Lake, No. 115 at p. 1APC recommended

that in addition to blast freezersabt chillers should also be excluded from the ambit of the
proposed ruléor similar reasongAPC, No. 99 at p. 3) AHRI, on the other hand, suggested that
blast coolers and freezers, along with ripening rooms, should be held to different efficiency

standads than WICFs. (AHRI, No. 114 at p. 3)

After considering the comments received and conducting additional research, DOE
agrees with commentetisat blast chillers and blast freezemsefood processing equipmeand
place them outside of the definitiohawalki n, whi ch i s defined as an
S p a ¢42 U.8.C. 6311(20)(A)) Additionally, DOE has found that blast chillers and blast
freezers haveery different energy consumption characteristics febonagecoolers and

freezerswhichwould justify their classification as a distinct product.

Based on the comments, along with other information reviewed by DOE (e.qg.

manufacturer brochures and literajuregarding the operation and use of blast chillers and blast
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freezersDOE is declining to treat these equipment categories asinglkAs a result, these two
categories of equipment would not be required to meet the standards that DOE has detailed in
todayods notice. I n del i neat ichiler (dar $heck cilleequi p me
refers to a type of cooling device that is designed specifically to, when fully loaded, cool its

contents from 150F to 55°F in less than 90 minutes. Similarly, a blast freezer (or shock

freezer) refers to a type of freezeatis designed specifically to, when fully loaded, cool its

contents from 150F to 32°F in less than 90 minutes.

While DOE believes that the above descriptions should be sufficiently clear to enable
manufacturers to readily determine whether a pdatiaevice they produce falls under these
descriptions, DOE may revise these descriptions in the future through guidance should additional

clarification be necessary.

Special application watin coolers

Several commentesiggested that certain walk coolers designed for special
applicationsshould be excludefiom the rulemakingebmpapst commented that the proposed
standard did not separate lwelocity and lowprofile unit coolers. (ebrmpapst No. 92 at p. 4)
NCC andKeepRitecommented that twavay or lowvelocity coolers were designed as feod
processing workspaces, and should be excluded from the scope of the propo$RE €iléNo.

96 at p. 2K-RP, No. 105 at p. ZYAF noted that the floriculture industry had unique
requirements with regard tair movement and humidifgr walk-in coolerssince potted plants
and cut flowers had a rapid rate of respirateomd further expressed concern that the proposed

standard did not account for the large degree of customization used in the engineésnad) of f
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storageunits due to the higher humidity and gentle airflow required. (SAF, No. 103 at pp. 3 and
7) Manitowoc commented that grouping packaged refrigeration systems with split systems
would make it difficult for packaged systems to meet the propstsediard levels at a

reasonable cost, since packaged systems were typidadissépower (hpdr less, and increased
efficiencywould have greater cost impact. (Manitowoc, No. 108 at pL2hnox stated that

there were no known test laboratories inth8. that were certified or fully capable of testing

the range of products and application temperatures covered by the proposeemnuiex (No.

109 at p. 2)

With respect to lowvelocity and floral application coolers, DOE agrees that there is a
certan category of mediurand lowtemperature unit coolers that are characterized by low
airflow. In mediumtemperature applications, these unit coolers may also be operated at a
higherthanusual temperature difference between the evaporator coil and,tivdiah
contributes to a high humidity environment necessary for some applications. (For more details on
tempeature difference, see sectibnD.5.b.) Because thee products are used for both storage
and process applications, DOE cannot categorically exclude them from coverage, although DOE
notes that equipment used for process cooling applications is excluded from the WICF standards.
Also, DOE has not found evidea that such products would be at a disadvantageaving to
satisfy the standards being adopted toaden tested under the rating conditions in the test
procedurel n response to Manitowocbébs comment, Mani t
found, evidace that packaged systems would have difficulty meeting the proposed standard;
DOE notes that for dedicated condensing systems, which would include packaged systems, its

standards for smaller systems are lower than those for larger systems and the e&u@ecy
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for smaller systems decreases with system$ize. addr es s L efmmanufactsrerc onc er
believes thathe test procedure in its current form does not measure the efficiency of a model of
covered equipment in a manner representatives dfue energy use, the manufacturer may apply

for a test procedure waiver for that model.

High-temperature Products

Hillphoenix commented that the definition of a watkcooler as having a maximum
temperature of 58 was incongruent with the NSF linuf 41 °F as the maximum safe
temperature for food. (Hillphoenix, No. 107 at pIQ¥, et al, American Panel, IBKysor,and
ThermoKool suggested that DOE revise its definition of a wattooler to align with the NSF's
requirement of food storage at or below 41'F. (I€&Xl, No. 100 at p. 3APC, No. 99 at p. 2
IB, No. 98 at p. 1Kysor, Public Meeting Transcript, N88 at p. 40ThermoKool, No. 97 at p.
1) Hussmanrexpressed concern that if the standards cover products up to 55 degrees, it may
cover some products that have very different energy profiles than traditional [food] storage
systems. lussmannPublic Meetng Transcript, No. 88 at p. 62) Lennox, howeagreed with
DOEG6s proposal to base the definition of free

below and above 37F, respectively.l(ennox No. 109 at p. 5)

DOE recognizes that the NSF ré@s food storage at £F or below. However, DO
retainingits definition of walkin coolers and freezelgecausevhile the foodservice industry
accounts for a large portion of the watkcooler market, these units also have applications in

other indstries, which do not fall within the ambit of the NSF standBfdE notes that it based
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its analysis on coolers operating at°85(the AHRI 1250 test procedure rating temperature for

coolers)which should notlisadvantage products that must comply whih NSF requirement.

2. Equipment Classes
In evaluating and establishing energy conservation standards, DOE generally divides

covered equipment into classes by the type of energy used, or by capacity or other performance
related feature that justifies a difémt standard for equipment having such a feature. (42 U.S.C.
6295(q) and316(a) In deciding whether a feature justifies a different standard, DOE must
consider factors such as thaity of the feature to user®OE normally establishes different
energy conservation standards for different equipment classes based on theseloritegia.
NOPR, DOE proposed separate classes for panels, display doedisplay doorsand
refrigerationsystemsecause each component type has a different utility toathgeumer and

possesses different energy use characteristics.

a. Panelsand Doors
In the NOPR, DOE proposédlree equipment classes for waitkpanels cooler
structural panels, freezer structural panels, and freezer floorppr@lE6s pr oposal was

onthe understandintpat freezer floor panels and structural panels serve two different utilities.

Freezer floor panels, which are panels used to construct the floor of-anvirakzer
must often support the load of small machines like hand carts and palleSaoksural panels

arepanels used to construct the ceiling or wall of a wiraJlprovide structure for the waik.
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Structural panels are further divided into two mores#s based on temperatwee.,
cooler versus freezer panels. Cooler structural panels are rated with their internal faces exposed
to a temperature of 35°F, emjuiredin the test procedure. Freezer structural panels are used in
walk-in freezers and tad with its internal face exposed to a temperaturé@fF,also a test
procedure requiremerfsee 76 FR at 21606 (codifiedld CFR 431.308 Walk-in freezer

panelsmust also meeat higher Rvalue than walkn cooler panelsSeel0 CFR 431.306.

Fordoors, DOHlistinguished between two different door types used in-metkdisplay
doors and nowlisplay doors. DOE proposed separate classes for display doors adidplag
doors to retain consistency with the dual approach laid out by EPCA for thésmw
components. (42 U.S.C. 6313(f)(1)(C) and (3)) Miplay doors and display doors also serve
separate purposes in a wdttk Display doors contain mainly glass in order to display products or
objects located inside the wallk. Nondisplay doors fuation as passage and freight doors and
are mainly used to allow people and products to be moved into and out of the .vizdkause
of their different utilities, display and natisplay doors are made up of different material.
Display doors are made ofagls or other transparent material, while-dsplay doors are made
of highly insulative materials like polyurethane. The different materials found in display and

nondisplay doors significantlyfect their energy consumption.

DOE divided display doonsito two equipment classes based on temperature differences:
cooler and freezer display doors. Cooler display doors and freezer display doors are exposed to

different internal temperature conditions, which affect the total energy consumption of the doors.
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DOEG s t e s t coptainean iaternalkraing temperature of 35°F for wallcooler display

doors and10°F for walkin freezer display door&ee76 FR at 21606nd10 CFR431.303

DOE also separated nalisplay doors into two equipment classes, pgssad freight
doors. Passage doors are typically smaller doors and mostly used as a means of access for people
and small machines, like hand carts. Freight doors typically are larger doors used to allow access
for larger machines, like forklifts, into wkains. The different shape and size of passage and
freight doors affects the energy consumption of the doors. Both passage and freight doors are
also separated into cooler and freezer classes because, as explained for display doors, cooler and
freezer do are rated at different temperature conditions. A different rating temperature impacts

the doords energy consumption.

One stakeholdeagreedvi t h DOEOG6s cl| assi f iLakeadomnoentedof equi
that the proposed definitions for all three door pqent classes appeared to be reasonable.

(Nor-Lake, No. 115 at p. 1)

Other stakeholders recommended changes to the envelope equipment classes.
Hillphoenix noted that classifying doors based on whether they were display-drsptay
doors, and whethehey were hinged or nelinged would allow for standardsat wouldbetter
represent their performance. (Hillphoenix, No. 107 at p. 3) €8I, recommendethat DOE
categorizedoor panels with wall, floor, and ceiling panels and account for eleatnoguming
devices separatelyICS et al, No. 100 at p. 2 and3) AmericanPanelalsosuggestedhat non

display doors should beassified withpanels for the purpose of this rulemakberause they
72



sharethe samdr-value. (APC, No. 99 at p. 28 agreed with the proposed classes of panels and
requested that door panels be included in these categories as they are manufactured from the

samematerials as those used in wall, floor and ceiling paii@s No. 98 at p. 3)

DOE agrees that neglisplay aors are very similar to panels because both components
are primarily composed of insulation. However, 1thigplay doors have a different utility than
panels and for that reason may require features, like windows or heater wire, whigh walk
panels do natequire. For this reason, in this final rule the Departmetrieigtingseparate

equipmentlassedor nondisplay doors and panels.

The Department did not receive any adverse comments regarding the equipment classes

proposed for display doors.

The eaglipment classelseing adopted arested inTablelV.1 below.

Table IV .1 Equipment Classes for Panels and Doors

Product Temperature Class
Structural Panel Medium SP.M
Low SP.L

Floor Panel Low FP.L
Display Door Medium DD.M
Low DD.L

Passage Door Medium PD.M
Low PD.L

Freight Door Medium FD.M
Low FD.L
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b. Refrigeration Systems

In the NOPRPDOE divided refrigeration systems into classes based on condensing unit
type (i.e. whether the refrigeration systasesa dedicated condensing unitisconnected to a
multiplex system), operating temperature (whether the syistelesigned to operate at medium
or low temperature, corresponding to a wialicooler or walkin freezer, respectively), location
(for dedicated condensing systems, whether the condensing louated indoors or outdoors),
and size (for dedicated condamy systems, whether the gross refrigerating capexdgeds or

is less than 9,000 Btu/h). DOE received comments on its proposed equipment classes.

General Comments

NAFEM and Lennox opined that the equipment classes defined in the proposed rule did
notfully encompass the variety of products and customizations currently available on the market.
(NAFEM, No. 118 at p. 3Lennox No. 109 at p. 2JTheCA IOUs suggested that the standard
would be more enforceable if, instead of classifying products asadedicondensing or
multiplex condensing, WICF refrigeration is treated likenmercial refrigeration equipment
with separate classes for setintained systems, unit coolers, and condensing. ulmtgs view,
this approachvould address thsplitting ofthe unit cooler from the condensing unit in cases
where they are separa(€A 10Us, No. 89 at p. 19 and Public Meeting Transcript, No. 88 at pp.
30 and 103) ASAP commented that DOE should set a standard level for packaged dedicated
refrigeration systemgASAP et al, No. 113 at p. 2ZAmerican Panel pointed out that the current
classification did not account for pohargedunit§ i . e. refrigeration unit s

chargedo with refrige(ARQ No. @atp!l3ant added to th
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DOEtale s note of manufacturer comments that t
analysis do not fully encompass the large variety of products and possible customizations. While
recognizing that it would be impossible to model each and every one of these nialegyrod
DOE has notthange the equipment classes or representative tnaits those analyzed in the
NOPR since theselasses and unitgepresent a large majority of the total marketatk-in
coolers and freezers. DOE has not found, nor have stakehpldersvi ded evi dence, t
products would be unable to meet the standards based on current equipment classification. DOE
believes that its approach to testing and certification of unit coolers and condensing units sold
separately addresses the comtriesm CA IOUs, and separate equipment classes are not
needed; see sectitih.C for further discussion of certificatiorlf a manufacturer believes that
itsdesijm i s subjected to undue hardship by regul a
Office of Hearing and Appeals (OHA) for exception relief or exemption from the standard
pursuant to OHAO6s authority under sCG%l®9),on 5014
as implemented at subpart B of 10 CFR part 1003. OHA has the authority to grant such relief on
a caseby-case basis if it determines that a manufacturer has demonstrated that meeting the

standard would cause hardship, inequity, or unfair digtabwf burdens.

Condensing Unit Location

Lennox commented that for dedicated condensing units, systems manufactured and
certified as outdoor units should be allowed to be used indoors without having to certify their
units as indoor units as well; thip@oach would greatly reduce the testing and certification
burden on manufacturerd.gnnox No. 109 at p. 6) On the other hand, AHRI noted that it was

possible for manufacturers to market a unit for use indoors, whereas contractors could choose to
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assemble it outdoors, where it may not meet the requisite standard. (AHRI, Public Meeting

Transcrip, No. 88 at p. 106)

DOE understands that indoor and outdoor refrigeration systems are rated differently
under the DOE test procedure, and this warrants the creation of separate equipment classes for
indoor and outdoor refrigeration systems. Furthermadoor and outdoor refrigeration systems
are often easily distinguishable visually: outdoor systems are characterized by a metal cover that
protects the system from the elements. DOE realizes firaduct may be used in a different
application fomwhichitwasor i gi nal ly designed. I n response
standard for an outdoor refrigeration system is generally more stringent than for an indoor
refrigeration system of the same size and operating temperature. Thereforis, IDBpposed
to systems rated as outdoor systdrasgused in practice as indoor systems, without having to
be separately certified as fAindooro systems.
used outdoors would not likely meet the requisite stan@#ddE bdieves that in practice, this is
not likely to occur at a significant rate because indoor units lack the protective features of
outdoor units and therefore would be very unlikely to be installed outddovgever, if DOE
finds that indoor systems are beingtalled outdoors so as to circumvent the more stringent
requirements for outdoor systems, DOE may promulgate future labeling standards specifying

that a unit used outdoors must be labeled as an outdoor unit.

Capacity
Lennox commented that tipeoposed classification for unit coolers did not fully account

for various applications and that for dedicated condensing systems, the proposed equipment
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classification did not fully reflect the range currently available in the market. Further, Lennox
noted that linear equations for units with capacity up to 36,000BTU/h, and fixed values for units
with higher capacity, would be reasonalfleennox No. 109 at p. 5) Similarly, on the

classification of condensing systems, KeepRite commented that the defbatiseen large and

small classes at 9,0@iu/hr was fairly low, and left a disproportionately wide range of products

i n the 0L a(KgPe,No. d0d ate.@)AmMgrican Panel, too, made a similar suggestion,
recommending that equipment be dividetbithree categoriessmall (<10,00 Btu), medium,

and large (>25,00Btu) - to better represented the marK&C, No. 99 at p. 3) Heatcraft stated
that DOE did not look at a broad enough range of equipment, and that refrigeration systems can
get up to190,000Btus in the 3,000 square foot ran@deatcraft,Public Meeting Transcripiyo.

88 at p. 102)

In response tthe comments frorhennox, KeepRite, and American Parsafgesting
that separating he Al ar ge 0 calg beitgp nepgesetiie mdrkatsDEOE notes that
above the threshold for Al arged equipment, th
sizes of equipment. DOE did not receive data or evidence from Heataygttstinghat systems
larger than the ones analyzedwouldtea di f fi culty meeting DOEOGs st

maintaining the size thresholds for refrigeration system classes proposed in the NOPR.

I n todaydés notice, the Depart meTablelM2 adopt

Table 1.2 Equipment Classes forRefrigeration Systems

Condensing Operating Condenser Refrigeration

Type Temperature Location Capacity (Btu/h) Class
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< 9,000 DC.M.1, < 9,000
Indoor ~ -
Medium O 9,00 DCMI,O 9, 00
Outdoor < 9,000 DC.M.0O,< 9,000
O 9,00 DCMO,0 9, 00
Dedicated
< 9,000 DC.L.I, < 9,000
Low Indoor - "
09,000 DC.LI,O 9, 00
Outdoor < 9,000 DC.L.O, < 9,000
09,000 DC.L.0, 09,000
) Medium - - MC.M
Multiplex
Low - - MC.L

3. Technology Assessment

As part of the market and technology assessment performed foraheile analysis
DOE developed a comprehensive list of technologies that would be expected to improve the
energy efficiency oWalk-in panels, nofdisplay doors, display doors, and refrigeration systems
Chapter 3 of the TSD contains a detailed description of each teglgrtbat DOE identified.
Although DOE identified aumberof technologies that improve efficiency, DOE considered in
its analysioonly thoseechnologies that would impact the efficiency rating of equipment as
tested under the DOE test procedure. TheeefdOE excluded several technologies from the
analysis during the technology assessment becausethubynot improve the rated efficiency
of equipment as measured under the specified test procedure. Technologies that DOE determined
would impact the rateeéfficiency were carried through to the screening analysis and are

discussed in sectidW.C.

ACEEE commented thalhere were significant technolpg@ptions used abroad which

could, if included in the DOE analysis, provide greater potential for eisergggs (ACEEE,
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Public Meeting Transcript, No. 88 at p. 142) However, ACEEE did not identify any specific
technology options and in the absence odeionable recommendation, DOE is continuing to
apply its methodology. DOE notes that its methodology does not exclude technology options

primarily used outside the U.S. if they meet the requirements of the screening analysis.

C. Screening Analysis

DOE usesgour screening criteria to determine which design options are suitable for
further consideration in a standards rulemaking. Namely, design options will be removed from
consideration if they are not technologically feasible; are not practicable to maneifacstall,
or service; have adverse impacts on product utility or product availability; or have adverse

impacts on health or safety. 10 CFR part 430, subpart C, appendix A, sections (4)(a)(4) and

(5)(b)

1. Panelsand Doors
DOE proposed three efficiencynprovements for walin panes: insulation thickness,
insul ation material, and framing DQEtmedifedal
its regulations to permit manufacturers to use ASTM Q5MBich measures panel performance
by examiningthp anel 6 s i ns ul -aratheothan ASEM 1868 whiachn acaounts
for, among other thingshe impact of structural members in a pari&tcause of this change,
framing material$io longer impacthe rated efficiency of walin panels andhenceare no

longer considered as design opton
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Some manufacturers and consumers urged DOE to screen out any design options which
would even marginally affect the geometry of a unit, either by increasing its total footprint or
reducing the cooled internggsace. Speci fically, these comment :
of added insulation thickness as a design option, €&, Louisville Cooler, and NRA noted
that the increased footprint or decreased internal volume associated with thicker foam panels
reduced storage utility and increased cost, perhaps even requiring full kitchen efl€Sget
al., No. 100 at p. 4Louisville Cooler, No. 81 at p.; NRA, No. 112 at p. 4) SAF expressed
concernthatsome of the design options considered in the \AGHysis, like thicker insulation,
would reduce the size of the walkand cause a substantial negative impact on floral industry

businesses. (SAF, No. 103 at p. 7)

DOE understands stakeholder concerns that increased panel thickness may reduce the
interior space of aalk-in andaffectt he equi pment s utility. DOE d
between panel thickness and interior wiallspace during the manufacturer interviewairing
theinterviews manuf act ur er s agr e esdlationtalaove the baselined di t i or
thicknesses modeled was feasible. Manufacturers noted that increased panel thickness would
require them to redesign their equipment and, in some cases, replace current foaming fixtures.

DOE incorporated these potential outconms its engineering and manufacturer impact
analyses. Regarding insulatigreater than ¥z an inch above the baseline thickness having an
impact on the usefulness of the product to consumers, DOE notes thatketanalyseselied,

at least in part,ma number of products models utilizing the increased foam wall thicknesses
depicted in its modelingSince manufacturers are already employing these wall thicknesses in

currentlyavailable models, DOE believes tliatt demonstratethat the changda insulation
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thicknesswvould be a viableneans to increase efficiency performararg] therefore the
Department haapplied that technique as an optionrmanufacturerso use when we

determined the appropriate standards to set i

In the NOPRDOE proposed to screen in the followy technologies for on-display
doors insulation thicknessnsulation materialframing materiglimproved window glass

systemsand ati-sweat heat contrals

DOE also proposed o fi s ¢ Heetrenic lightmgballasts and higlefficiency
lighting, occupancy sensarsnproved glass system insulation performarcel ati-sweat
heater controlas technologies that could improve the performance of display doors are rated by

the test procedure.

Several manufacterr s wer e concer netdrequiretinted gSEOD S pr o p
transparent doorddussmann ACCA and the Califorina |1 OUG6s n
coatings on higiperformance display doors would add a considerable tint to the glass, making
productvisibility difficult and impacting consumer utilitfHussmannNo. 93 at p. 2)(ACCA,

No. 119 at p. 2)gA I0Us, No. 88 at p. 152) SAF commented thatdewoating would obscure

floral products, and have a negative impact on the U.S. floral industry, (§AE03 at pp. €)

DOE clarifies that the performancesdards proposed in the NOPR dit require
manufacturers to use lea/coating on their doorkow-e coating was considered as a design

option. In the NOPR, DOE proposed TSL 4 which mapjeedisplay cooler doors at efficiency
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level 1 (a baseline cooler door with LED lighting instead of fluorescent lighting) and mapped to
baseline freezer doors. Baseline cooler doors do ha/ayer of hard coat love coating, but

DOE expects that manudarers could achieve this same level of performance by incorporating
other design options like an additional pane of glass or a lighting sensor. Baseline display freezer
doors do not have low coatingDOE notes that itnarket research shows tlsamedisplay

doors may havalow-e coating.While not all doors may have this feature, it is a viable one that
manufacturers could opt to use in certain circumstances when apprdp@&elso would like

to remind stakeholders that it is not setting preseemtandards, and should manufacturers

value some features over others, they are free to use different design paths in order to attain the

performance | evels required by todayods rul e.

American Panel suggested that DOE should consider air cyrdaiiesce that blows air
parallel toan opening to create an infiltration baryieecause the technology would reduair
infiltration, a major contributor to the heat load in a wiakAmerican Panel commented that air
curtains may save almost as much enesjyeezer panels with-iiches of insulation.
(American Panel, No. 99 at p. Id@ganitowoc also commented that the largest factor to energy
consumption was door open time and that cooler doors may be open more than 200 times per
day. Manitowoc suggested that door closers would significantly reduce energy consumption.
(Manitowoc, No. D8 at p. 1)DOE agrees with American Parsid Manitowoc thainfiltration
adds heat load to walks and that air curtains can be used to reduce infiltration. However,
DOEG6s test pr oc edumeasurghe enargylconsumgion omerergewdc s t o

walk-in components and does not inclutleheat load caused by infiltration. See 76 FR at
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2159421595. As a result, infiltratiorelated technologies do not improvesrated performance

of walk-ins.

2. Refrigeration Systems
NRA commented that redugnhe energy usage of walkis has the potential to reduce

cooling recovery time for equipment subjected to constaatopening and closingin busy
kitchen environments, which could resulfaod spoilage andreatepublic health and safety
risks (NRA, No. 112 at p. 3) DOEOGs analysis has no
efficiency required by its standards would negatively impact the capacity of that equipment or its
cooling ability; therefore, DOE does not believe its standalase woutl be likely toincrease
therisks to public health and safety. As noesdlie; DOE has screened from consideration

particular design options that it believes may pose undue risks to health and safety.

D. Engineering Analysis

The engineering analysis determines the manufacturing costs of achieving increased
efficiency or decreased energy consumption. DOE historically has used the following three
methodologies to generate the manufacturing costs needed for its engineeringsafiBlybe
designroption approach, which provides the incremental costs of adding to a baseline model
design options that will improve its efficiency; (2) the efficiemeyel approach, which provides
the relative costs of achieving increases in enerfigiagicy levels, without regard to the
particular design options used to achieve such increases; and (3) thesassment (or reverse
engineering) appr oaeuhp,0 wrhaincuhf apcrtouvriidnegs cfiobsott taosns

achieving various levels of incread efficiency, based on detailed data as to costs for parts and
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material, labor, shipping/packaging, and investment for models that operate at particular

efficiency levels.

As discussd in the Framework documepteliminaryanalysisand NOPRanalysis
DOE conducted the engineering analyses for this rulemaking using a-desigm approach for
walk-ins. The decision to use this approach was made due to several factors, including the wide
variety of equipment analyzed, the lack of equipment efficielatgregardingcurrently
available equipmenand the prevalence of relatively easily implementable ersagyg
technologies applicable to this equipment. More specifically, DOE identified design options for
analysisused a combination of industry research and teardmged cost modeling to
determine manufacturing cosésdemployed numerical modeling to determine the energy
consumption for each combination of design optused tancrease equipment efficiency.

Additional details of the engineering analysis are available in chapter Sfofahaule TSD.

1. Representative Equipment for Analysis
In performing its engineering analysis, DOE selected representative units for each
primary equipment class to serve aslgsia points in the development of c@sticiency curves.
a.Panels ad Doors
DOE proposedhree different panel sizes to represent the variations within each class.

TablelV.3 shows each equipment class and the representative sizes associated with that class.

Table 1V .3 Sizes Analyzed: Panels

Equipment | Equipment | Temperature Size Code Representative Representative
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Family Family Code Height (feet) Width (feet)
Name Code
S 8 1.5
C
Structural M 8 4
S L 9 55
Members S 8 1.5
F M 8 4
L 9 55
Floor S 8 2
F F M 8 4
Panels L 9 6

Similar to the panel analysis, the engineering analyses forwallsplay and non
display doors both use three different sizes to represent the differences in doors within each size
class DOE examined. Details are providedablelV .4 for nondisplay doors and@ablelV.5
for display doors.

Table 1V .4 Sizes Analyzed: NorDisplay Doors

Equipment| Equipment
Temperature Representative Representative
Family Family Size Code
Code Height (feet) Width (feet)
Name Code
S 6.5 25
C
M 7 3
Passage
D L 7.5 4
Doors S 6.5 25
F M 7 3
L 7.5 4
S 8 5
C
Freight M 9 !
E L 12 7
Doors S 8 5
F M 9 7
L 12 7
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Table IV .5 Sizes Analyzed: Display Doors

Equipment | Equipment
Temperature Representative Representative
Family Family Size Code
Code Height (feet) Width (feet)
Name Code
S 5.25 2.25
c
Display M 6.25 25
D L 7 3
Doors S 5.25 2.25
F M 6.25 25
L 7 3

American Panetommented that freight doors are typically more than 5 ft wide in order
to allow for forklifts to pass through. (American Panel, No. 99 at p. 3) DOE notes that all the

freight doors evaluated were 5ft or more in width, as shoWrabielV .4.

b. Refrigeration

In the engineering analysis for wallk refrigeration systems, DOE used a range of
capacities as analysis points for each equipment class. The name of each eqigsnatong
with the naming convention was discussed in sedWda.2.b. In addition to the multiple
analysis points, scroll, hermetic, and sdrarmetic compres®rs were also investigated because

different compressor types have different efficiencies and tosts.

15 Scroll compressors are compressors that operate using two interlocking, rotating scrolls that compress the
refrigerant. Hermetic and sethermetic compressors are pistoased compressors and the Kéference between

the two is that hermetic compressors are sealed and hence more difficult to repair, resulting in higher replacement
costs, while serriiermetic compressors can be repaired relatively easily.
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TablelV .6 identifies, for each class of refrigeration tgys, the sizes of the equipment
DOE analyzed in the engineering analysis. Chapter 5 of the TSD includes additionabdetails

the representative equipment sizes and classssin the analysis.

Table IV .6 Sizes Analyzed for Refrigeration System Analysis

Equipment Class Sizes Analyzed (Btu/h) CompressorTypes Analyzed
DC.M.I, < 9,000 6,000 Hermetic, Semhermetic
18,000 Hermetic, Semhermetic, Scroll
DCMI,O 9,000 54,000 SemiHermetic, Scroll
96,000 SemiHermetic, Scroll
DC.M.0,< 9,000 6,000 Hermetic, Semhermetic
18,000 Hermetic, Semhermetic, Scroll
DCMO,0 9, 000 54,000 SemiHermetic, Scroll
96,000 SemiHermetic, Scroll
DC.L.l, < 9,000 6,000 Hermetic, Semhermetic, Scroll
. 9,000 Hermetic, Semhermetic, Scroll
DC.L.1, 09,000 54,000 SemiHermetic, Scroll
DC.L.O, <9,000 6,000 Hermetic, Semhermetic, Scroll
9,000 Hermetic, Semhermetic, Scroll
DC.L.0, 09,000 54,000 SemiHermetic, Scroll
72,000 SemiHermetic
4,000 -
MC.M 9,000 -
24,000 -
4,000 -
9,000 -
MC.L 18,000 -
40,000 -

2. Refrigerants
DOE used R4042a hydrofluorocarbon (HFC) refrigerant blend, in its analysis for this
NOPR because it is widely used currently in the walindustry but requestedomment on the
ability of systems using other refrigerants to meet a standard based on systems wif846RA
at55799. Several stakeholdensggested that future refrigerant policy would play a role in
dictating which refrigerant would be used withuitg refrigeration systems and noted this

possibility in response tihe engineering analysis. AHRI commented that future changes in
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refrigerant policy were likely to drive the market towards low global warming potential (GWP)
refrigerants, which could detnentally affect the performance and efficiency of units. (AHRI,
No. 114 at p. 5KeepRitestated that policies in the near future may require the phasef

404A in favor of lowGWP refrigerants which may be less efficient than 404A, making it more
difficult to meet the proposed standake€¢pRite No. 105 at p. 2Hussmanragreed that
upcoming policies would likely require the phasmgf of 404A in favor of lowGWP

refrigerants, which could negatively affect system performadaoegmannNo. 93 at p2) ICS

et al.opined that the DOE analysis did not sufficiently factor in the impending juhase

HFCs. (ICSet al, No. 100 at p. 10) Lennox agreed that alternative refrigerants were likely to
see growing adoption in walks over the timeline of theule, butadded that this factanay

affect the achievable efficiency of a unit either positively or negativiglsuggested that DOE
should be prepared to establish separate classes for equipment that «idE€ mefrigerants if
they have an adversepact on equipment performanceeinox No. 109 at p. 4) Danfoss

noted that a change in policy requiring K&WP refrigerants would greatly impact the cost of
production of refrigeration systems, as WICF units use a relatively large volume of charge.
(Darfoss, Public Meeting Transcript, No. 88 at p. 164) Manitowoc stated that moving from

HFCs to alternative refrigerants would increase cost. (Manitowoc, No. 108 at p. 2)

At this timg DOE does not believe that there is sufficient specific, actionable data
presented at this juncture to warrant a change in its analysis and assumptions regarding the
refrigerants used in walk cooler and freezer applications. As of now, there is inadequate
publicly-available data on the design, construction, and operatieguypment featuring

alternative refrigerants to facilitate the level of analysis of equipment performance which would
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be needed for standasetting purpose®OE is aware that many IeBWP refrigerants are

being introduced to the market, and wishes taenthat this rule is consistent with the phase

down of HFCs proposed by the United States under the Montreal Protocol. DOE continues to
welcome comments on experience within the industry with the use eB\WMR alternative
refrigerants.However there @e currently no mandatory initiatives such as refrigerant pbatse
driving a change to alternative refrigerants. Absent such action, DOE will continue to analyze the

most commonhyused, industmstandard refrigerants in its analysis.

DOE wishes to drify that it will continue to consider WICF models meeting the
definition of walkin coolers and freezers to be part of their applicable covered equipment class,
regardless of the refrigerant that the equipment uses. If a manufacturer believes thants de
subjected to undue hardship by regulations, t
Hearing and Appeals (OHA) for exception relief or exemption from the standard pursuant to
OHAOGs authority under sectionS60W)as t he DOE
implemented at subpart B of 10 CFR part 1003. OHA has the authority to grant such relief on a
caseby-case basis if it determines that a manufacturer has demonstrated that meeting the

standard would cause hardship, inequity, or unfair dision of burdens.

3. Cost Assessment Methodology

a. Teardown Analysis
To calculate the manufacturing costs of the differesik-in components, DOE
disassembled baseline equipment. This process of disassembling systems to obtain information

on their baseline components is referred to a
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teardown, DOE characterized each component that makés aiisassembled equipment

according to its weight, dimensions, material, quantity, and the manufacturing processes used to
fabricate and assemble it. The information was used to compile a bill of materials (BOM) that
incorporates all materials, componerasd fasteners classified as either raw materials or

purchased parts and assemblies.

DOE al so used a supplementary method, call
published manufacturer catalogs and supplementary component data to estimate the major
physical differences between equipment that was physically disassembled and similar equipment
that was not. For virtual teardowns, DOE gathered product data such as dimensions, weight, and

design features from publiclvailable information, such as maaaturer catalogs.

The teardown analyses allowed DOE to identify the technologies that manufacturers
typically incorporate into their equipment. The end result of each teardown is a structured BOM,
which DOE developed for each of the physical and vitieemidowns. DOE then used the BOM
from the teardown analyses as input to the cost model to calculate the manufacturer production
cost (MPC) for the product that was torn down. The MPCs derived from the physical and virtual
teardowns were then used to deyedm industry average MPC for each product class analyzed.

See chapter 5 of the TSD for more details on the teardown analysis.

For display doors and netisplay freight doors, limited information was publicly
available, particularly as to the assemblygaiss and shipping. To compensate for this situation,

DOE conducted physical teardowns for two representative units, one within each of these
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equipment classes. DOE supplemented the cost data it derived from these teardowns with
information from manufacturanterviews. The cost models for panels and for-display
structural doors were created by using public catalog and brochure information posted on

manufacturer websites and information gathered during manufacturer interviews.

For the refrigeration sysm, DOE conducted physical teardowns of unit cooler and
condensing unit samples to construct a BOM. The selected systems were considered
representative of baseline, mediaapacity systems, and used to determine the base components
and accurately estimatiee materials, processes, and labor required to manufacture each
individual component. From these teardowns, DOE gleaned important information and data not
typically found in catalogs and brochures, such as heat exchanger and fan motor details,

assembly prts and processes, and shipment packaging.

b. Cost Model

The cost model is one of the analytical tools DOE used in constructingfiosncy
curves. DOE derived the cost model curves from the teardown BOMs and the raw material and
purchased parts ddases. Cost model results are based on material prices, conversion processes
used by manufacturers, labor rates, and overhead factors such as depreciation and utilities. For
purchased parts, the cost model considers the purchasing volumes and adjssés@oickngly.
Original equipment manufacturers (OEMS), i.e., the manufacturers of WICF components,
convert raw materials into parts for assembly, and also purchase parts that arrive as finished
goods, readyo-assemble. DOE bases most raw material ppogsast manufacturer quotes that

have been inflated to present day prices using Bureau of Labor Statistics (BLS) and American
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Metal Market (AMM) inflators. DOE inflates the costs of purchased parts similarly and also
considers the purchasing voluiinéhe hgher the volume, the lower the price. Prices of all
purchased parts and nometal raw materials are based on the most current prices available,
while raw metals are priced on the basis ofygee&r average to smooth out spikes. Chapter 5 of

the TSDdescihes DOEb6s cost mo d e | and definitions, a

c. Manufacturing Production Cost

Once it finalized the cost estimates for all the components in each teardown unit,
DOE totaled the cost of the materials, labor, and direcheaer used to manufacture the unit to
calculate the manufacturer production cost of such equipment. The total cost of the equipment
was broken down into two main costs: (1) the full manufacturer production cost, referred to as
MPC; and (2) the neproductio cost, which includes selling, general, and administration
(SG&A) costs; the cost of research and development; and interest from borrowing for operations
or capital expenditures. DOE estimated the MPC at each design level considered for each
product classfrom the baseline through m#ech. After incorporating all of the data into the
cost model, DOE calculated the percentages attributable to each element of total production cost
(i.e., materials, labor, depreciation, and overhead). These percentages were used to validate the
data by comparing them to manufacturersod actu
along with feedback obtained from manufacturers during interviews. I3®& these production

cost percentages in the MIA (see sectdrK).

Indi scussing earlier comments received from

erredin characterizing comments froAmerican Panehs statinghat panel costs were around
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$0.25 per square foot. As a result, US Cooler and American Statesithat $0.25 per square

foot was too low a cost for panels. (US Cooler, Public Meeting TransariB8y at p. 19;

American Panel, Public Meeting Transcript, No. 88 at p. 20) However, inthe 8iGPRa c t u a |
analysisthe Department estimated that the manufacturer production cost einyzdkels was
considerabhyjhigher than $0.25 per square foot. Thaglaostaused in the analysere listed in

TablelV.7.

Table IVV.7 NOPR Insulation Thickness Material and Labor Cost

Insulation Material Material/Labor Cost for Non - Material/Labor Cost for
Thicknessin Floor panels Floor Panels
$/ft? $/ft?
35 Polyurethane $5.06 $5.50
4 Polyurethane $5.22 $5.64
5 Polyurethane $5.58 $5.99
6 Polyurethane $5.92 $6.33

Based on manufacturer feedback, the Departfuetiterrevised its cost model, which

resulted in increased insulation prices. The material and labor prices used to characterized the

cost of walkin panels used in the analysis for this final rule are list@ablelV .8.

Table 1V .8 Final Rule Insulation Thickness Material and Labor Cost

Insulation Material Material/Labor Cost for Non - Material/Labor Cost for
Thicknessin Floor panels Floor Panels
$/it° $/it°
3.5 Polyurethane $6.62 $7.14
4 Polyurethane $6.83 $7.34
5 Polyurethane $7.248 $7.81
6 Polyurethane $7.652 $8.21

In the NOPR, in an effort to capture the anticipated cost reduction in LED fixtures in the

analyses, DOE incorporated price projections from its Solid State Lighting program into its MPC

values for the primary equipment classes. The price projection&forchse lighting were

devel oped

from projections
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report,Energy Savings Potential of Selgtate Lighting in General lllumination Applications

2010to 203 nt he ener gy s a yvetahsymortedbguserof piice projectiaris A P

in DOEG6s anal ysis because LEBsmaketpemesatiomr e | i ke
increases(ASAPet al, No. 113 at p.4More details about DOE price projections for LEDs are

described in Chapter 5 tfe TSD.

d. Manufacturing Markup
DOE uses MSPs to conduct its downstream economic analyses. DOE calculated the
MSPsby mul tiplying the manufacturer production
shipping cost. The production price of the equipn&ntarked up to ensure that manufacturers
can make a profit on the sale of the equipment. DOE gathered information from manufacturer
interviews to determine the markup used by different equipment manufacturers. Using this

information, DOE calculated an@age markup for each componenaatalkin, listed inTable

I\V.9.
Table IV .9 Manufacturer Markups

Walk-In Component Markup
Panels 32%
Display Doors 50%
Non-Display Doors 62%
Refrigeration Equipment 35%

e. Shipping Costs
The shipping rates in the NOPRere developed by conductingarketresearch on
shipping rates and by interviewing manufacturers of the covered equipment. For example, DOE

found through its research that most panel, display door, andigsiglay door manufacturers use
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less than truck load freight to ship their respectiemponents and revised its estimated shipping
rates accordingly. DOE also found that most manufacturers, when ordering component
equipment for installation in their particular manufactured product, do not pay separately for
shipping costs; rather, it isdluded in the selling price of the equipment. However, when
manufacturers include the shipping costs in the equipment selling price, they typically do not
mark up the shipping costs for profit, but instead include the full cost of shipping as part of the
price quote. DOE has revised its methodology accordingly. Please refer to chapter 5 of the TSD

for details.

American Panel commented that the estimated shipping costsrich panels could be
significantly higher than shipping costs feith paned and could range for a 67 percent to 140
percent increase. (American Panel, No. 99 atA6¢ Industries commented that shipping has
generally increased over the years and thicker panklsause additional increases the shipping
price. (Artic Industies, No. 88 at pp 360304) US Cooler commented that DOE should not
estimate shipping just by weight and volume because less than truck load s!hipihé&me
amount of square footage a manufacturer can use per shipment. (US Cooler, No. 88 at p. 305)
DOEappreci at es AnmdAnicIndwsmnesdhanent dn 8hspping. The Department
found that while insulation thickness was a factor in increased shipping costs, so was the size of
the walkin being shipped. DOE modeled six different sized watkeab with 3.5inch, 4inch,
5-inch and 6éinch thick insulation. DOE used a weighted average based on using eadh walks
estimated market share to develop a shipping price for square foot of[p@ieappreciates US

Coolers commented and accounted for a square footage limit in the shipping costs.
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4. Energy Consumption Model

In the NOPR DOE proposed using an energy consumption model to estimate separately
the energy consumption panels, display doors, nathsplay doorsand entire refrigeration
systems at various performance levels using a deggan approach. DOE developed the
model as a Microsoft Excel spreadsheet. The models estimate the performance of the baseline
equipmentnd levels of performance above the baseline associated with specific design options
that are added cumulatively to the baseline equipment. The whiddedt account for
interactions between refrigeration systems and envelope componerts] ihaddreshiow a

design option for one component may affect the energy consumption of other components.

At the public meeting, Heatcraft requestbdtDOE share modeling tool and baseline
assumptions used for the engineering analysis. (Heatcraft, Public Mestimggiipt, No. 88 at
p. 123) DOE posted the spreadsheets used to model the energy consumptionropaadts,
doors, and refrigation systems to the WICF energy conservation standards rulemaking docket

web pagelocated athttp://www.regulations.gov/#!docketDetail;D=EERIB0&BT-STD-0015

In comments on the NOPRennoxstatecthat the results of the DOE model were not
validated with actual laboratory resultsefinok, No. 109 at p. 2KeepRitenoted that the DOE
model was not verified through testing or prototyping, and was therefore overestimating the
efficiency gain achievable by manufacturerseépRite No. 105 at p. 1pince the publication of
the NOPR, DOE hasonducted additional testing to support its analy®® chapter 5 for

details.

96


http://www.regulations.gov/#!docketDetail;D=EERE-2008-BT-STD-0015

a.Panelsand Doors
In NOPRperformancenodelfor walk-in panels, doors, and display daddE used
various assumptions to estimate the performance of each WICF comporieatNOPRDOE
used polyurethane insulation with a thermal resistan6e8@fft-h-°F/Btu-in for panels and nen
display doorsThis thermal resistance accounted for the aging of insulatiem measuring
walk-in panel performance. S&é FRat21612 DOE proposed in the a separate rulemaking to
eliminate the long term thermal aging test procedure and therefore modeletahe Rf
insulation as 8 fh-°F/Btu-in. DOE also received a comment on the thermal resistance used in
the nondisplay door modelB commentedhatthe insulatiod age had no significant impact on
door performancelB, No. 98 at p. 2) DOE agreeswiB0 s comment . The aging
in nontdisplay doors is not measured by the DOE test procedure and therefore does not have a
impad on the doordos performance. In the final r

insulation with a thermal resistance of $\{tF/Btu-in.

In the NOPR, DOE requestedmment on thperformance dataf panels, nosdisplay
doors, and display doors whichsva cal cul ated by the Department 0
andfound in appendix 5A of thHOPR TSD DOErequestedhat interested parties produce
additionaldataregardingabout thehermal resistanggerformance of panels, display doors, or
nondisplaydoors and their design optioida |l | y commented that DOEGs e
display doos was inappropriate because it did not account for the impact of the door frame
Bally recommended DOE evaluate the door frame alongthétoor cap. (Bally, No. 10at p.
4) Bally addedthat the majority of heat through ndisplay doors was at the peripheagher

thanthe center of the doo(Bally, Public Meeting Transcript, No. 88 at p. 122) Bally expanded
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on this comment by explaining that doors are not seajktytand itrecommended that DOE

account for the heat gain caused by these gaps. (Bally, No. 102 & @4 appr eci ates
comment, but notes that it did not account for gaps around the perimeter of doors. The
Department did not adopt a test prdaee that measured heat gain via infiltration and therefore

did not consider gaps in the doors to have an impact on the performance of the door as measured

by the DOE test procedure.

In the NOPR, DOE evaluated the energy consumption associated witidiradipanels
and doors at various sizes. As a result of this methodology, DOE associated design options such
as occupancy sensors with one door. DOE recognizes that in the marketplace, one occupancy
sensor may serve multiple doors, and received a commoentNEEA et al.confirming this
practice. (NEEAet al, No. 101 at p. 5) HowevelDOE is regulating display doors as single
component and therefore assumed that all thes aast benefi of an occupancy sensor would
be associated with the individual dodlthough occupancy sensors may be applied over
multiple doors, it is possible that a single display door could be installed in anuaith a
single occupancy sensor. The Departnofiaisethis more conservative path and assumed one

occupancy sensor pdoor.

b. Refrigeration Systems

The CA IOUs made several recommendations for changing the refrigeration system
model, particularly for the condensing unit. First, they noted that published condensing unit
capacity ratings are overestimated by approximé&®lgercent because they rely on compressor

capacity information based on a @5return gas temperature, whereas return gas temperature is
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more likely to be around 4°F for coolers and %F for freezers. Furthermore, they stated that the
productive capaty of a walkin system is more closely represented by the enthalpy difference
between the liquid line enthalpy and the enthalpy of the refrigerant at approximatély 10

superheat. (CA 10Us, No. 110 at pp4

DOE agrees with the assessmenti®CA 10Us that current publishexhpacityratings
for WICF components are not necessarily indicativihefcapacity of a system made up of those
componentsvhenthat system isested under AHRI 125@ecause AHRI 1250 has different
rating conditions than thest procedures currently usiedrate the components individually
DOE has adjusteits engineering model to more closely replicate unit performance under the test
procedure based @dditionaltest datadeveloped during the NOPR phabethe energy
consimptionmodel, return gas temperature is calculated based on an assumed evaporator
superheat (i.e., heating of the refrigerant gas above its saturation temperature, measured at the
evaporator exit) and compressor superheat (i.e., heating of the refrig@saaiiove its saturation
temperature, measured at the suction line entrance to the condensing unit), which are in turn
based on test results. The evaporator superheat can be manually set by adjusting the expansion
valve; manufacturers typically includeceenmended evaporator superheat ranges in their
installation literature (for instance, one manufacturer recommends an evaporator superheat of 4
to 6 °F for low temperature applications). The compressor superheat is equal to the evaporator
superheat plus adobnal refrigerant temperature rise in the suction line plus the dew point
temperature reduction associated with the suction line pressure drop. The energy model
calculates the capacity of the system based on the refrigerant enthalpy difference be&tween th

unit cooler entrance (liquid line) and exit (suction line), accounting for evaporator superheat, as
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recommended by CA IOUs. Additional warming of the refrigerant in the suction line is not
considered to represent additional capacity, but it rechetegerant density andy extension,
condensing unit capacity. The model assumes that the unit does not use a suction line heat

exchanger. Similarly, pressure drop in the suction line is also accounted for in the model.

With respect to modeling systems hvélectric defrost inthe NOPB,OEG6s anal ysi s
applieda temperatur¢erminated defrost approach for all defrost control schemes (baseline or
higher)i that is, once a defrost is initiated, the defrost mechanism continues to heat the
evaporator coil untithe coil temperature reaches 45 °F, which ensures that the coil is fully
defrosted. In the engineering model for electric defrost, DOE calculated the defrost time based
on the amount of heat applied by the defrost mechanism and the amount of heat evaarigly it
take to heat the coil and melt the ice, with

coil 6s surroundings and not wused to heat the

Lennox commented that DOEG6s calcul ations f
typical defrest duration would be in the 20 to 30 minute range, and upwards of 45 to 60 minutes

for larger electric defrost unitsd.énnox No. 109 at p. 7)

After further evaluation, DOE agrees with
of low temperature refrigration systems and found defrost times of approximately 30 minutes.
DOE updated its assumptions in the engineering analysis to assurmeiaud® defrost duration
for electric defrost systems smaller than 50,000 Btu/h. In the absence of test datalemgeery

systems, DOE believes Lennoxds estimates are
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time to 45 minutes for electric defrost systems between 50,000 and 75,000 Btu/h and 1 hour for

electric defrost systems larger than 75,000 Btu/h for laigetric defrost units it analyzed.

DOE also included drain line heater wattage in the NOPR analysis fdetoperature
units. Lennox noted that dralime heaters are not typically supplied by the manufacturer of the
main component (i.e. the unit ceg). Lennox No. 109 at p. 7) Accordingly, DOE has removed

this from the energy model.

For more details on the energy model, see chapter 5 of the TSD.

5. Baseline Specifications
a.Panels and Doors
In the NOPR, DOE set the baseline level of performancer@spond to the most
common, least efficient component that is compliant with the standards set forth in EPCA. (42
U.S.C. 6313(f)(1)(3)) DOE determined specifications for each equipment class by surveying
currently available units and models. More dethibut the specifications for each baseline

model can be found in chapter 5 of the TSD.

DOE proposed that the baselic@oler structurapanes would be comprised &.5
inches ofpolyurethane insulation, with wood framing membansund the perimeter dfe
panel Baseline freezer structural panbbd 4inches ofpolyurethane insulation, with wood

framing memberaround the perimeter of the par@hseline freezer floor panels had 3.5 inches
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of polyurethane insulation with wood framing materials araiedoerimeter of the panel and

additional wood structural material in the panel.

Nor-Lakeand Thermo Koot o mment ed t hat DOEO&6s baseline p
(Nor-Lake, No. 115 at ®; Thermo Kool, No 97 at p.)ZAmerican Paneinade a number of
suggestions regarding baseline panels. Amerkeamel statedhat 85% of the floor panels they
built did not need additional structural members because they were going into restaurants. Thus
the floor panel is very similar to the structural panel. (Amerkeanel, Public Meeting
Transcript, No. 88 at p. 9@dditionally, American Panetommentedhata 3.5inch thick wood
framedpanel is not representativetbe baseline for watkn cooler structural panelBaseline
structural cooler panels should be 4 inches thick because that has the food service industry
standard for the last 10 to 20 yeaRegardingreezer panelmaterials, American Panel
estimated that less than 5% of the total market dis@voodraming materials(American
Panel, No. 99 at p. At the NOPR public meeting, American Panel generally stated that wood
and hard nose framing material is not commonly used with-fagmtace polyurethane
insulation. (American Panel, Public Meeting Trams¢ No. 88 at p. 128Kinser also stated that
4-inch thick urethane panels without framing materials would be a representative baseline.
(Kinser, No. 81 at p.1) US Coolalso disagreed with the baseline assumptions and tiaedy
misrepresenting thieaseline, DOE could overestimate the monetary and emissions savings
resulting from this rulemaking. (US Cooler, Public Meeting Transcript, No. 88 at pNE2BEA
stated that most panel manufacturers were using high density PU foam as panel framing instead

of wood. (NEEA, No. 101 at p. 3)
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DOE agrees with stakeholders that wood isthetpredominate type of framing material
in the WICF marketbutit is present in the markeinh a separate rulemakingOE proposed to
eliminate the ASTM C1363 test for wailk panels. Therefore, the impacts of framing material
would not be captured by the WICF test procedure and framing material was no longer
considered a design option for watkpanels. In the Final Rule analysis, DOE incorporated high
density polyurethanesahe framing material for walk panels in order to more accurately
capture the typical cost of a panel. However, for-display doorsDOE continued to use wood
as the baseline framing material, RME accourgdfor the market share of the baseligpé
unit and other design options in its efficiency distributasrpart of the shipments analysis. See

TSD chapter 9.

At the NOPR public meeting, Atic noted that solid core foam insulation, which DOE
interprets as extruded polystyrene, is also founthé walkin market. (Actic, Public Meeting
Transcript, No. 88 at p. 126) US Cooler also commented that a sizeable number of units on the
market use extruded polystyrene. US Cooler opined that polyurethane insulation did not have
better long term thernh@erformance than extruded polystyrene. (US Cooler, No. 75 at p. 1)
DOE agrees that some walks use extruded polystyrene insulation, but found that the iyajor
of panels are made with pourgdplace polyurethane. DOE continues to use one type of
insuation materiali.e. poureein-place polyurethane its analysis in order to more accurately
evaluate the energy consumption of wedkpanel. DOE notes that manufacturers can use any
insulation or other features® long as thegneet the energy consetian standard levels required

by todayds notice of final rul e.
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I n todaybdés final rul e, a baseline cooler s
polyurethane insulation. Baseline freezer structural panels-ivaxhds of polyurethane
insulation. Baseline freezer floor panels had 3.5 inches of polyurethane insulation. As previously
stated DOE accounted for high density polyurethane framing materials in all types of panels, but

the framing materials did not d¢yeficencan | mpact

DOEG6s NOPR anal ysi s a sdsplayedabrs ardcartstruttddsma b a s e |
similar manner to baseline panels. Therefore, DOE uses baselutksptay doors that ewsist
of wood framing material$pamedin-place polyurethane inkation. Passage doors were
assumed to hawe2.25 square foawvindow with antisweat heater wird.he small freight doors
have a 2.25 square foot windavith antisweat heater wirand both the medium and large
freight doors have a-dquare foot windowvith antisweat heater witdOE did not include
heater wire in the perimeter of the cooler danrgs models but includel heater wire in the

perimeter of freezer doars

Bally stated DOE should add heater wire to cooler doors because condensateoiem
doors could cause a workplace safety issue. (Bally, No. 102 aD@B)agrees with Bally and

for this reason added heater wire to the perimeter odigpiay cooler doors.

Nor-Lake, ICS et al, and American Paneémarked that nedisplay doas typically do
not have windows. (Nekake, No. 115 atpl and2; ICS, et al, No. 100 at p. 4American
Panel, Public Meeting Transcript, No. 88 at p.)l&mherican Panel stated that less than 20% of

their nondisplay doors have windows. (American Pamelblic Meeting Transcript, No. 88 at p.
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121)Manitowoc commented that 25% of ndisplay doors sold bigs companywere fitted with
1.36square foot windows and 5% of rdisplay doors sold had 2.23 square foot windows.
(Manitowoc, No. 108 at p. HOE found from its manufacturer interviews that windows in-non
display doors serve a specific utility for consumers by allowing the user to look through the
window instead of opening the domausing heat gain through infiltration. Therefore, DOE

continues to radel walkin cooler doors with windows.

At the public meeting Blly noted that sometimes, consumers chose to have windows on
WICF doors, and these windows would need additional power to eliminate condensation.
Therefore, Bally urged DOE to regulate dofwich DOE interprets to mean the door
insulation) separately from windows and other electrical components. (Bally, Public Meeting
Transcript, No. 88 at p. 379). DOE agrees with Bally that windows require heater wire to
eliminate condensation and accouhter this power consumption in the engineering analysis.
DOE s choosing not to regulate windows aldctrical components separately from the door
because they are inherentato g i v e n  dnergyrcénsumptionEaeH of these components

contributes o t he dooro6s efficiency performance, muc

Hillphoenix commented that passage doors do not have complete frames, but instead use
backing made of wood, fiber renforced plastic, or other materials. (HillphoenixbiRu
Meeting Transcript, No. 88 atp. 13R)OE 6 s o wn r e smanafactarér interkiews ar g h
market researctlid notindicate that a majority afalk-in nondisplay doorsvere constructed
with wood backings instead of wood framing materidtcordingly, DOE continued tonodel

the baseline nedisplay door with a completgoodframe.
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NorrLake expressed concern that DOE misinter |
in nondisplay doors, bubffer specific details as to why DOE misinterpreted EPWor-Lake,
No. 115 at p.2) DOMotes that all the windows and display danusstmeet thedesign

requirements specified in 10 CRF 431.306(b).

Nor-Lake commented that freezer windows in fthsplay doors tend not to be gited
since they have heatgthss and the heater wires allow the gas to escapelL@ker No. 115 at
p.2) In the display door market, DOE found that freezer display doorsbéveas fill and anti
sweat heater wird=rom an engineering perspectid)E does not see why windowsnon
display doors would be significantly different from the glass paclssdin display doors. DOE
received no other comments stating that windows in freezedisptays would lose all gas fill

due to antisweat heater wire and therefore continues ¢éhath design features in its analysis.

The baseline display doors modeled in DOES®G
specifications set by EPCA. (42 U.S.C. 6313(f)(3)) DOE modeled baseline display cooler doors
comprised of two panes of glass with argms fill, hard coat low emittance or leawcoating,

2.9 Watts per square foot of astveat heater wire, no heater wire controller, and one fluorescent
light. The baseline display freezer doors mod
glass, agon gas, and soft coat leavcoating, 15.23 watts per square foot of-ameat heater

wire power, an arisweat heater wire controller, and one fluorescent light.
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ThermeK o0 o | commented that the Departmento6s ba
accurate. ThermaeKool, No. 97 at p.2JS Cooler noted that DOE considered heater wire in
doors that was on all the time, whereas most units in the market used wires which only came on
as needed. (US Cooler, Public Meeting Transcript, No. 88 at pDIaB)included bater wire
controllers as adesignoptians a resul t of .RaBy retarked that typicat o mme n-
cooler dispay door draws about 1.15 amps or 1.6 Wh/dBwglly, Public Meeting Transcript,
No. 88 at p. 135Bally No. 102 at p.4 However,DOE foundin its researclhat display doors
typically drew more than 1.6 Wh/daywhich prompted DOE to include highermpower draw in

its engineering analysis.

b. Refrigeration

DOE determined baseline characteristics for refrigeration systems based olnaypica
cost, lowefficiency products currently on the market that meet the standards set forth in EPCA
See 42 U.S.C. 6313()A3P). In the NOPR, DOE asked for comment on its assumptions about

baseline equipment.

In the NOPRDOE tentativelyproposedotto include piping and insulation between the
unit cooler and condensing unit, as it believes these components would not be supplied by the
manufacturer or included in the equipmentdos M
equipment. DOE requesdcomment on this assumptiddussmanragreedvi t h DOEG&6s pr op
that equipment such as piping that is used for final installation should not be included in the
rulemaking.(HussmannNo. 93 at p. 4Thus, DOE has continued not to include such final

installation components in its analysis.
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DOE made certain assumptions regardimgbaseline temperature difference (TD)
between saturated condensing temperature (SCT) and ambient air temperature for the condenser
and between walin internal aitemperature and saturated evaporating temperature {(8ET)
the evaporatathat it used in the analysis for freezers and coolers and indoor and outdoor units
The SCT is the deypoint temperatur8 of the refrigerant that corresponds to the refrigerant
presure in the compressor discharge line at the entrance to the condenser, while the SET is the
dewpoint temperature of the refrigerant that corresponds to the refrigerant pressure at the exit of
the evaporator. DOEOGs b asistédiinfiabled.Bbalomp t i ons
DOE notes that the temperatures of air entering the evaporator and condenser coils are prescribed
by the test procedure. The temperatufieence (TD) is calculated as the difference between

the air temperature and the refrigerant temperature (SET or SCT).

Table IV .10 Saturation Temperatures Assumed in the NOPR

Evaporator

Application

Temperature of Air
Entering the Evaporator

Saturated Evaporating
Temperature (SET) CF)

Temperature Difference
(TD) Between Entering

Cail (°F) Air and SET (°F)
Medium Temperature 35 25 10
Low Temperature -10 -20 10
Condenser
Application Temperature of Air Saturated Condensing Temperature Difference

Entering the Condenser

Temperature (SCT) (CF)

(TD) Between Entering

Cail (°F) Air and SCT (°F)
Medium Temperature 90 115 25
Indoor
Medium Temperature 95 115 20

Outdoor

'8 For a refrigerant for which the temperatimereases as more of it boils, increasing the proportion of véigor,

dew point is theemperaturén this boiling process associated with nearly 100% vapor, just before the last liquid

droplets boils off.
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Low Temperature Indoor | 90 110 20

Low Temperature Outdoo| 95 110 15

Several interested parties commented on the values of SET, SCT, and/or TD used in the
analysis. NoiLake pointed out that the TD for evaporators could range froft@ 25F
depending on the application. (Nbake, No. 15 at p. 2) Lennox commented that the DOE
model used a constant condenser TD for fixed, floating, and variable speed calculations.
(Lennox No. 109 at p. 7) Lennox also stated that baseline SCT values &fF 1@0medium
temperature applications and 1’Fsfor low temperature applications would be more in line with

industry practice.l(ennox No. 109 at p. 7) Heatcraft noted that the TDs DOE assumed were

lower than industry standards. (Heatcraft, Public Meeting Transcript, No. 88 at p. 135)

DOE conductedurthertesting in preparing the final rubend observed the following

SET, SCT, and TDs at the highest ambient rating condition (that is;Fa&@8bient air

temperature for the units tested):

Table V.11 Saturation Temperatures Observed During Testing

Evaporator

Unit Tested Temperature of Air Saturated Evaporating Temperature Difference
Entering the Evaporator | Temperature (SET) CF) | (TD) Between Entering
Colil (°F) Air and SET (°F)

Medium Temperature 35 22 13

Outdoori Unit 1

Medium Temperature 35 20 15

Outdoori Unit 2

Low Temperature Outdoo| -10 -10 10

T Unit3

Low Temperature Outdoo| -10 -21 11

T Unit4

Condenser

Unit Tested

Temperature of Air
Entering the Condenser

Saturated Condensing
Temperature (SCT) (CF)

Temperature Difference
(TD) Between Entering

Cail (°F) Air and SCT (°F)
Medium Temperature 95 109 14
Outdoori Unit 1
Medium Temperature 95 114 20
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Outdoori Unit 2

Low Temperature Outdoo| 95 106 11
T Unit 3

Low Temperature Outdoo| 95 106 11
i Unit 4

The test results for evaporator TDs are close to the values DOE assumed in the NOPR,
while the test results for condenser TDs are equal to or lower than the values DOE assumed in
the NOPR. Based on thessstresults, DOEcontinuedto use its assumed valuesTiablelV.10
for SET, SCT, and TD at the highest ambient rating condition, with the exception of unit cooler
(evaporator) TD for medium igperature systems, which D@Bangedo 14°F. To address
NorrLakeds comment , DOE acknowl edges that some
TDs, and notes that & manufacturer believes thae test procedure in its current form does not
measure the efficiency of the equipment in a manner representative of its true energy use, the
manufacturer may apply for a test procedure waiver. r esponse to Lennoxo6s
constant condenser TDOE has updated its model such that, for lower ambient rating
conditions, the model recalculates the TD based on the head pressure, with different values for
fixed and floating head pressure. The model 0s
optionalso takes the differences in TD into account. DOE discusses these calculations in more
det ai | in chapter 5 of the TSD. To address Le
values, DOE notes that it did not observe a higher condenser TD g testn its baseline
assumptions. Although DOE recognizes that some units on the market may have higher TDs,
DOE is unaware of specific units that have higher TDs. Additionally, assigning a higher TD for
the baseline might overestimate the energy savihdesign options that lower the TD, such as

having a larger condenser coil.
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6. Design Options
a.Panels and Doors
DOE evaluated théollowing design options in the NOPR analysis for panels, display

doors, and nowlisplay doors:

Panels
1 Increased insulation itkness up to 6 inches
1 Improved insulation material

1 Improved framing material

Display Doors

1 Electronic lighting ballasts and hig#fficiency lighting

1 Occupancy sensors

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

1 No anti-sweat systems

Non-Display Doors

1 Increased insulation thickness up to 6 inches

1 Improved insulation material
1 Improved panel framing material
1 Display and window glass system insulation performance
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1 Anti-sweat heater controls

1 No antisweat systems

DOE received a number of comments on increased panel thickness. In the NOPR, DOE
increased the thickness of watkpanels from 3.5 inches of polyurethane for wialkcooler
structural panels and freezer floor panels to 4 inches, 5 inches, and 6 incheskkorfreazer
structural panels DOE increased the panel thickness fiaehés to Snches and 6 inches. Nor
Lakeand American Panebmmented that incread insulation thickness resulted in longer cure
times. These manufacturers commented that it talkes 30 minutes to cure 4inch thick panels,
45 minutes to cure 5 inch thick panels, and 60 minutes to cure 6 inch thick panelsakBsor
No. 115 at p. 1; American Panel, No. 99 at pp. 5 anbh@gsponse to these comments, DOE

accounted for increasedre time in the panel cost model.

Nor-Lakeand Manitowo@lso stated that increasing the thickness of insulation provided
only a minimal amount of Ralueimprovement(Nor-lake, No. 115 at p.;IManitowoc, No.
108 at p. 3 DOE notes that ifound thatincreagng the thickness of a panel directly improves the
panel 6s . Adcdrdingly, ie preparing the analysis for this final rule, DOE contiaue

use increased panel thickness as a design option.

To improve the insulation material, DOE evaluatgtrid panels, which are a sandwich
of polyurethane andacuuminsulatedpanels (VIPs)Nor-Lake commentethatvacuum
insulatedpanels were cost prohibitive and technologically infeasible.-(Mdée, No. 115 at p.2)

Bally also commented that VIPs were not economically practical and therefore should be
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excluded as a design option. (Bally, No. 102 at p. 2) Théfow remarked tha¥IPs were too

fragile and too expensive to be used in wialk (ThermeKool, No. 97 at p. 2)

DOE consideredacuuminsulatedpanels as a design option in its engineering analysis
because they have the potential to improve equipment efficiency, ardbevaiikthe market
today, are currently used in refrigeration produdi@ CFR part 430, subpart C, appendix A,
sections (4)(a)(4) and (5)(H)OE agrees with Thermidool that VIPs may be too fragile for
walk-in applications and therefore incorporated VéBgart of a hybrid panel, which sandwiches
the VIPs in 2inch polyurethane layerslowever, DOE understands that there is a high level of
costrequired in implementing this design option, including redesign costs, and sought to reflect
that through appmriate cost values obtained from manufacturer interviews and other sources
and included in its analyses. As a residizuuminsulatedpanels appear only in mdgch
designs for each equipment class, and are not included in any of the modeled confgyuration

selected in setting the st.andard | evels put f

Bally commented that DOE should consider pocket connectors as a design option for

panels (Bally, Public Meeting Transcript, No.
butaspr evi ously described in this final -imule not
panels only measures the insulationds ther mal

result in energy savings as measured by the test procedure.

DOE reeived a few comments dhe design options evaluated for display doNISEA,

et al.and the CA IOUsuggested that DOE consider l@ngas filled glazing for medium
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temperature display doors. (NEEAal, No. 101 at p.5CA I0Us, No. 110 at p.4DOE
clarifies that it evaluated 3 improvegiass packs above the baseline, which included more
efficient gas fills lowemissivity glazed paneand additional glass pan&shapter 5 of the TSD

explains the design options for display doors in more detail.

NEEA, et al.also recommended that DOE exclude lighting from the door frame assembly

because its not physically part of the door and because LEDs are already common in the WICF

market.NEEA, et al.stated that the inclusion of lighting into the standards dorslwould cause
difficulty in enforcing compliance because doors are shipped with lighting. (NEE&t al, No.
101 at p. 5)In its market assessmeMOE found that lighting is typically installed and sold as
part of the door assembly. Therefore, D&@iatinued to accouriibr lighting usedwith display
doors.DOE does not expect that including lighting will complicate enforcement of DOE
standard$ecausdt is sold with the display do@s integrated componentiyOE agresthat
LEDs are common in the WWF market and has accounted foe tharket share of LEDs as part

of the efficiency distribution in the shipments analyditailed in chapted of the TSD.

Bally remarked that it was unclear as to what technology DOE was referring to by
Aaut omadp e&en aro/oal oser . 0 Bally asked for cl
opening and closing devices was to be evaluated. (Bally, No. 102 &@E5hotes that because
the test procedurdoes not measure heatmg&om infiltration, it did not account flodoor

openings and closings as part of its list of potential design opgeesectionlll.B, infra.
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IB commented that edging material had no significant ohpa door performancelf
No. 98 at p. 2)B may be correct in that the edging material does not have a significant impact
on door performance in real world applications. HoweverDQ& test procedure for doors
measures the thermaérformancdor theentire door, including any materials in the edge of the
door. Additionally, DOE notes thahe edge materials, which could act like a thermal bridge,
would have an impact on the performance of the door. For this reason, DOE abtdinue

evaluatehe posibility of usingimproved framing materials for nodisplay doors.

b. Refrigeration
DOE includedthe following design options in the NOPR analysis:
1 Higher efficiency compressors
1 Improved condenser coll
1 Higher efficiency condenser fan motors
1 Improvedcondenser and evaporator fan blades
1 Ambient subcooling
1 Evaporator and condenser fan control
1 Defrost control
1 Hot gas defrost
1 Head pressure control
DOE described the design options in detail in chapter 5 of the NOPR TSD. In the notice,
DOE requested commeon the design options, particularly improved condenser coil, fan motor
efficiency,fan motor controls, and floating head pressure. In response, DOE received comments

on these and other options.
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Larger Condenser Coil

In the NOPR, DOE considered a larger condenser coil as a design option, which would
reduce the condenser TD, increasing system capacity and resulting in a higher AWEF. DOE
increased the fan power proportionally to colil size, but requested comment onnartneteesing
the condenser coil size would require an increase in evaporator coil size afBFR6.
Hussmanrcommentedhat a larger condenser coil would not require a larger evaporator coil.
(HussmanpNo. 93 atp.5Fur t her mor e, D &t ihdicate that aldrgesevaporatbr d
coil would be requiredAccordingly, DOE is not implementing a larger evaporator coil along

with the larger condenser coil design option in the final rule analysis.

Defrost Controls

In the preliminary analysis, DOE assed that a demand defrost control would be tested

using the optional demand defrost test in AHRI 1250, section C11.2 and would have the

equivalent effect of reducing the number of defrosts per day by 50 percent. However, stakeholder

comments on the prelimary analysis stated that a 50 percent reduction was too difficult to
achieve using current technologi&serefore, in the NOPRof the defrostontrolsdesign

option, DOEapplieda generic defrost control that wouldve the effect afeduéng the numier

of defrosts per dalgy 40 percent78 FRat55818. In comments on the NOPR assumption,
Manitowoc noted that demaytkfrost systems had been shown to reduce the number of defrost
cycles as much as 80 percent compared to "timed defrost” systems. (Manitowd08 at p. 3)

DOE acknowledges that the energy savings due to degefnaist systems may vary widely

depending on the control mechanism; however, given the range of stakeholder comments it has
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received on the issue, believes an 80 percent redustton aggressive. DOE notes that

recently adopted approach with respect to the measurement of refrigeration system performance
[cite final rule when readyprovidesa default value for the reduction in defrosts from 4 to 2.5
defrosts per day due tomenddefrost controls DOE has appliethis default value in the

engineering analysis for the final rule. For more details, see chapter 5.

Hot Gas Defrost

In the NOPR, DOE included hot gas defrost as a design option for multiplex condensing
systems beasse it assumed the unit cooler could use hot gas generated by the compressor rack.
DOE did not include hot gas defrost as a design option for dedicated condensing systems
because DOE did not believe it was effective at saving energy. a839804. In regonse, Heat
Transfer commented that it manufactured many dedicated systems with hot gas defrost, which
increased the efficiency of the unit. (Heat Transfer, Public Meeting Transcript, No. 88 at p. 140)
After further review, DOE agrees with Heat Transfet thot gas defrost is a valid design option
for dedicated condensing systems as well as unit coolers connected to multiplex systems, and has
i mpl emented this option in the analysis. Heat
causes systems teftost four times faster, but did not have specific details on the energy

savings. See chapter 5 for further details on the hot gas defrost design option.

Fan and Motor Efficiency

In the NOPR, DOE assumed that baseline evaporator fan motors woukdttoergcally

commutated motoriECMs), while baseline condenser fan motors would be permanent split
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capacitor (PSC) motors. One design option was to replace PSC motors in condenser fans with
more-efficient ECMs This approach was consistent with ER@/Aich specifiedhat evaporator

fan motors of under 1 horsepower and less than 460 volts must use electronically commutated
motors or 3phase motors and condenser fan motors of under 1 horsepower must use
electronically commutated motors, permanent split ciéqgratype motors, or phase motors. (42
U.S.C. 6313(f)(1)(E}(F)) In the NOPR, DOE screened oupl3ase motors from its design

options because not all customers haydh&se power, although it noted that this would in no

way prohibit manufacturers fronsing them to improve rated energy use. 78Fs5805.

In comments on the NOPR, Reg#¢loit noted that threphase motors and muilti
horsepoweECMscould greatly improve unit efficiency. ebpapst also commented that
evaporator fans for WICFs did nodeessarily have to be axial fans and that other types-of air
moving devices, such as backward curved motorized impellers, may be a more efficient choice
for certain refrigeration systems due to their aerodynamic characteristicspégistn No. 92 at
p. 5)Hussmanrstated that the only way to accurately obfam motor power is to test the fan
motors irunit, or reference the fan, motor, and coil operating curves to detepouves

consumptiorat the desired CFM and pressure differen{fdlssmannNo. 93at p. 5)

DOE agrees with Reg&eloit and ebrrpapst that other, more efficient types of fans and
motors may exist and may be used by manufacturers to improve the efficiency of their WICF
equipment. DOE is continuing to screen oydt&ise motors based on utilityttee consumer,
because not all customers would hayghdse power. In responseHassmand s c o mment ,

DOE notes thaitlussmanrdid not provide any detailed fan information for WICFs that DOE
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could use in the analysiBurthermorePOE does not believe thaté consideration of such
detailed information would significantly improve the analysis, as DélEeves it has made
reasonable, conservative estimates for fan efficiency based on stakeholder comments and market

research.

Evaporator Fan Controls

In the NOPRDOE applied both modulatexyaporatofan controls and variable speed
evaporatofan controls design optigrior all classes analyzed. modulated fan control cycles
the fans at a 50 percent duty cycle when the compressor cycles off, wlalderapeed fan
control reduces fan speed during the®ftle To account for these types of contr@€ES s
analysisreduced the fan speed30 percent. Lennogommentedhat the model takes into
account variable speed during refrigeration, which wautdrrectly reflect a greater AWEF
value. Lennox No. 109 at p. 7Hussmanmentioned thatan modulation always requires an
electronic expansion val{&EV) to function properly, which iaot always accounted for in TSL
4. HussmannNo. 93 at p. 5POE notes that ihas applied variable speed evaporator fans
those refrigeration applications wheneit coolersareconnected to a multiplex condensing unit
in order to determine the fan speed during high and low load periods as specified in AHRI 1250,
section 7.9. (That section requirgkat for unit coolers with variable speed evaporator fans that
modulate fan speed in response to load, the fan shall be operated under its minimum, maximum
and intermediate speed that equals to the average of the maamaduminimum speeds,
respectively during the unit cooler teahd quadratic fit equations relating evaporator net
capacities, fan operating speed, and fan power consumption be develapaddress

Hussmandbs comment , DOE not e sative tegatdingthedan speed | y s i s
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reduction, with a maximum fan speed reduction of 50 percent. DOE does not expect that the

system would need an EEV for this control approach.

Refrigeration Summary

After considering all the comments it received on thegtesptions, DOEppliedthe

following design options in thignal rule analysis:

1 Higher efficiency compressors

1 Improved condenser coll

1 Higher efficiency condenser fan motors

1 Improved condenser and evaporator fan blades
1 Ambient subcooling

1 Evaporator andondenser fan control

1 Defrost control

1 Hot gas defrost

1 Head pressure control

E. Markups Analysis

DOE applies multipliers called fAmarkupso t
price of the analyzed equipment. These markups are in addition to theastarerf markup
(discussed isectionlV.D.3.d) andare intended to reflect the cost and profit margins associated
with the distribution and sales of the equipment. DOE identifiedmajor distribution channels

for walk-ins, and markup alues were calculated for each distribution channel based on industry
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financial data. The overall markup values were then calculated by we@dealging the

individual markups with market share values of the distribution channels.

In estimating markup®r walk-ins and otheequipmentDOE developdseparate

markups for the cost of baseline equipment and the incremental cost oféfifgtiency

equipment. Incremental markups are applied as multipliers only to the MSP increments of

higherefficiency eqipment compared to baseline, and not to the entire MSP.

See chapter 6 of tHamal rule TSDf or mor e detail s on DOEOGS

F. Energy Use Analysis

The energy use analysis estimates the annual energy consumption of refrigeration
systems serving walins and the energy consumption that can be directly ascribed to the
selected components of the WICF envelopes. These estimates are used in the suliS€quent

and PBP analyses and NIA.

The estimates for the annual energy consumption of each analyzed representative
refrigeration system (see section IV.C.2) waeeivedassuming that (1) the refrigeration system
is sized such that it follows a specific gaduty cycle for a given number of hours per day at full
rated capacity, and (2) the refrigeration system praxiucedditional refrigeration effect for the
remaining period of the 2Aour cycle. These assumptions are consistent with the present
industrypractice for sizing refrigeration systems. This methodology assumes that the

refrigeration system is paired with an envelope that generates a load profile such that the rated
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hourly capacity of the paired refrigeration system, operated for the given nafmbarhours

per day, produces adequate refrigeration effect to meet the daily refrigeration load of the
envelope with a safety margin to meet contingency situations. Thus, the annual energy
consumption estimates for the refrigeration system depend ometiedology adopted for

sizing, the implied assumptions and the extent of oversizing. The sizing methodology is further

discussed later in this section.

For the envelopes, the estimateggliipmentnd infiltration loads are no longer
used in estimatingnergy consumption in the analysis because these factors are not
intended to be mitigated by any of the component standards. DOE calculated only the
transmission loads across the envelope components under test procedure conditions and
combined that withite annual energy efficiency ratio (AEER) to arrive at the annual
refrigeration energy consumption associated with the specific component. AEER is a
ratio of the net amount of heat removed from the envelope in Btu by the refrigeration
system and the annuathergy consumed in waltburs using bin temperature data
specified in AHRI 1252009 to calculate AWEF. The annual electricity consumption
attributable to any envelope component is the sum of the direct electrical energy
consumed by electricalgowered sb-components (e.g., lights and astveat heaters)
and the refrigeration energy, which is computed by dividing the transmission heat load
traceable to the envelope component by the AEER metric, where the AEER metric

represents the efficiency of the refriggon system with which the envelope is paired.
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DOE estimated the annual energy consumption per unit of the specific envelope
components by calculating the transmission load of the component over 24 hours under the test
procedure conditions, and therlazdating the annual refrigeration energy consumption
attributed to that component by applying an appropriate AEER ValDE.used the same

approach forthe finalrules anal ysi s

1. Sizing Methodology for the Refrigeration System
The load profile of WICF guipment that DOE used broadly follow the load profile
assumptions of the industry test procedure for refrigeration sy8té&iAf| 12502009. As
noted earlier, that protocol was incorporated

2011).

As a resllt, the DOE test procedure incorporates an assumption that, duririgcau24
period, a WICF refrigeration system experiences a-lugtl period of 8 hours corresponding to
frequent door openingsguipmentoading events, and other design load factord,aalowload
period for the remaining 16 hours, corresponding to a minimum load resulting from conduction,
internal heat gains from nenefrigeration equipment, and steashate infiltration across the
envelope surfaces. During the hilglad period, the t& of the envelope load to the net
refrigeration system capacity is 70 percent for coolers and 80 percent for freezers. During the
low-load period, the ratio of the envelope load to the net refrigeration system capacity is 10
percent for coolers and 40rpent for freezers. The relevant load equations correspond to a duty

cycle for refrigeration systems, where the system runs at full design point refrigeration capacity
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for 7.2 hours per day for coolers and 12.8 hours per day for freezers. Specific exqjuation

to vary load based on the outdoor ambient temperature are also specified.

Fort o d ay 0 s DOE corcludd that theeduty cycle assumptions of AHRI
12502009 should not be used for the sizing purposes because they may not represent the
average contons for WICF refrigeration systems for all applications under all
conditions. DOE recognizes that test conditions are often designed to effectively compare

the performance of equipment with different features under the same conditions.

As it did for theNOPR, DOEusel a nominal run time of 16 hours per day for
coolers and 18 hours per day for freezmrsr a 24hour periodo calculate the capacity
of a Aperfectlyod sized r ef rof POpercrvasthen sy st e m.
applied to this size to calculate the actual runtime. With the oversize factor applied, DOE
assumes that the runtime of the refrigeration system is 13.3 hours per day for coolers and
15 hours per day for freezers at full design point capacity. Theerefe outside ambient
temperatures for the design point capacity conform to the AHRI-2@80 conditions
incorporated into the DOE test procedure and are 95 °F and 90 °F for refrigeration

systems with outdoor and indoor condensers, respectively.

2. Overske Factors
As stated previously, DOE observed that the typical and widespread industry practice for
sizing the refrigeration system is to calculate the daily heat load on the basislobar24cle

and divide by 16 hours of runtime for coolers and 1&$fof runtime for freezer8ased on
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discussions with purchasers of watis, DOE found that it is customary in the industryatida
10 percent safety margin to the aggregatd@dr load resulting in 10 percent oversizing of the

refrigeration system.

Further,DOE recognized that an exact match for the calculated refrigeration capacity
may not be available for the refrigeration systems available in the market because most
refrigeration systems are mags®duced in discrete capacities. The capacitheibest matched
refrigeration system is likely to be the nearest higher capacity refrigeration system available.
This consideration led DOE to develop a scaled mismatch factor that could be as high as 33
percent for the smaller refrigeration system siaaesd, was scaled down for the larger sized units.
DOE applied this mismatch oversizing factor to the required refrigeration capacity at the high
load condition to determine the required capacity of the refrigeration system to be paired with a

given envelope

In preparing the NOPR analysis, DOE considered comments from interested parties and
recalculated the mismatch factor because compressors for the lower capacity units are available
at smaller size increments than what Di@#el initiallyassumed in therpliminary analysisFor
larger sizes, the size increments of available capacities are higher than size increments available
for the lower capacities. DOE further noted as part of the revised analysis that under current
industry practice, if the exact calated size of the refrigeration system with a 10 percent safety
margin is not available in the market, the user may choose the closest matching size even if it has
a lower capacity, allowing the daily runtimes to be somewhat higher than their intenakesl val

The designer would recalculate the revised runtime with the available lower capacity and
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compare it with the target runtime of 16 hours for coolers and 18 hours for freezers and, if this
value falls within acceptable limits, then the chosen sizeeofefrigeration system is accepted

and there is no mismatch oversizing.

DOE further examined the data of available capacities in published catalogs of
several manufacturers and noted that the range of available capacities depends on
compressor type and manufacturer. Furthermore, because smaller capacity increments are
availabk for units in the lower capacity range and larger capacity increments are
available for units in the higher capacity range, the mismatch factor is generally uniform
over the range of equipment sizes. For the NOPR, DOE tentatively concluded from these
datathat a scaled mismatch factor linked to the target capacity of the unit may not be
applicable, but that the basic need to account for discrete capacities available in the
market is still valid. To this endor the final ruleDOE appied a uniform average

mismatch factor of 10 percent over the entire capacity range of refrigeration systems.

To estimategheruntimesfor the NOPRDOE started with nominal runtimes of 16 hours
for coolers, and 18 hours for freezéf®wever, these runtimese appropriateot perfectly
sized refrigeration systems, adal not account for equipment oversizingOE estimated
runtimes as a function of this oversizimgaccordance with industry practice (see chapter 7 of

the final rule TSD)

Severaktakeholdersommented thahe runtime assumptions were too short, and should

be increased to 18 hours for largealk-ins used by convenience and grocery stoA&SGA, No.
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119 at p. 3, or 16 hours fomwalk-in coolers and 20 hours faralk-in freezers NorLake, No.
115, at p. 2 or 16 hours fomwalk-in coolers and 18 hours faralk-in freezers fanitowoc, No.

108; atp. 3

It is not clear whether the values cited in the comments refer to nominal runtimes. If so,
DOEG6s assumptions are r ougbkdmpents.iBetausbgr t o t he
comments regarding runtimes do not provide enough evidence for DOE to revise its
assumptionsDOE maintained theameapproach for estimating runtimasit usedin the

NOPR.

G. Life-Cycle Costand Payback Periofinalysis

DOE conductd. CC and PBP analyses to evaluate the economic impacts of potential
energy conservation standards for waid& on individual customedsthat is, buyers of the
equipment. As stated previousYQE adopted a componebased approach for developing
performancestandards for walkn coolers and freezer€onsequently, the LCC and PBP
analyses were conducted separately for the refrigeration system and the envelope components:

panels, nofdisplay doors, and display doors.

The LCC is defined as the total consuragpense over the life offaece of equipment
consisting of purchase, installation, and operating costs (expenses for energy use, maintenance,
and repair). To calculate the operating costs, DOE discounts future operating costs to the time of
purchase ahsums them over the lifetime of tequipment The PBP is defined as the estimated

number of years it takesistomergo recover the increased purchase cost (including installation)
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of more efficienequipmentThe increased purchase cost is derived fiteerhigher first cost of
complying with the higher energy conservation standard. DOE calculates the PBP by dividing
the increase in purchase cost (normally higher) by the change in the average annual operating

cost (normally lower) that results from tharsdard.

For any given efficiency level, DOE measures the PBP and the change in LCC relative to
the basecase equipment efficiency levels. The baease estimate reflects the market without
new or amended energy conservation standards. Forimglihebasecase estimate assumes
that newly manufactured walk equipment complies with the existing EPCA requirements and
either equals or exceeds the efficiency levels achievable by EB@Aliant equipment. Inputs

to the economic analyses include the tatatalled operating, maintenance, and repair costs.

Inputs to the calculation of total installed cost include the costj@pmend which
consists of manufacturer costs, manufacturer markups, distribution channel markups, and sales
taxe® and installatiorcosts. Inputs to the calculation of operating expenses include annual
energy consumption, energy prices and price projections, repair and maintenance costs,
equipmentifetimes, discount rates, and the year that compliance with standards is required.
DOE aeated probability distributions f@quipmentifetime inputs to account for their

uncertainty and variability.

DOE developed refrigeration and envelope component spreadsheet toaddtsilate

the LCC and PBP. Chapter 8 of tiireal rule TSD and its ppendices provide details on the
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refrigeration and envelope subcomponent spreadsheet models and on all the inputs to the LCC

and PBP analyses.

TablelV.12s ummar i zes DOEG6s approach and data us

PBP calculations fahe NOPRand t he changes made for todayos
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Table 1V.12 Summary of Inputs and Methods in the LCC and PBP Analysis*

Inputs | NOPR Analysis | Changes for final rule
Installed Costs
Equipment Cost 1 Derived by multiplying 1 No changdor systems, and
manufacturer cost by display doorsDOE maintain its
manufacturer and retailer use of a declining price trend
markups and sales tax, as 1 For nondisplay doors and panels
appropriate. the manufacture experience cur
1 Includes dactor for was revised to usgonstant real
estimating equipment prices.
price trends due to
manufacturer experience.
Installation Based on B Means Mechanical | No change
Costs Cost Data 2012Assumed no
change with efficiency level.
Operating Costs
Annual Energy | DOE calculated daily load profile | No change
Use of the refrigeration system revised
to 13.3 hours runtime per day for
coolers and 15 hours for freezers,
full rated capacity and at outside g
temperatures corresponding to the
reference rating temperatures.
Energy Prices | Commercial andridustrialprices of | No change
electricity based orForm EIA-826
Database Monthly Electric Utility
Sales and Revenue Data.
Energy Price Forecasted usingEO2013price No change
Trends forecasts.
Repair and 1 Annualized repair and Increasedefrigerant recharge cotd
Maintenance maintenance costs of the | $500, to reflect industry practice
Costs combined system were
derived from RS Means
2012 walkin cooler and
freezer maintenance data
Doors and refrigeration
systems were replaced
during the lifetime.
1 Refrigerant recharge cost

set at $0.

Present Value of

Operating Cost Savings

Equipment
Lifetime

Based on manufacturer interviews
Variability: characterized using
Weibull probability distributions.

Revised to reflecstakeholder comments
see section IV.G.7 for details.

Discount Rates | Based on Damodaran Online, No change
October 2012.

Compliance 2017 No change

Date

" References for the data sources mentioned in this table are provided in the sections following the table or in

chapter 8 of the TSD.
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1. Equipment Cost
To calculate customer equipment costs, DOE multiplied the MSPs developed in the
engineering analysis byaldistribution channel markups, described in sedWoi. DOE
applied baseline markups to baseline MSPs, and incremental markups to the MSEntscrem

associated with higher efficiency levels.

For the NOPRDOE developed an equipment price trenddCFs based on the
inflation-adjusted index of the producer price index (PPI) for air conditioning, refrigeration, and
forced air heating from 1978 012’ A linear regression of the inflatiesdjusted PPI shows a
downward trend. To project a future trend, DOE extrapolated the historic trend using the
regression result&or the LCC and PBP analysis, this default trend was applied between the

present ad the first year of compliance with amended standards, 2017.

Several commenters stated that, since prices for metal and urethane chemicals have
increased about@ercenannual |y over the | ast 20 years, th
assumed decreasn prices. (APC, No. 99, at p. 8; ThermoKool, No. 97 at plugsmanmoted
that a large portion of WICF manufacturer cost comes from copper coil and sheet metal; since
the prices of these commodities have more than doubled in the last 1(Hyesrman expects
materials costs to increase in the futuHugsmannNo0.93, at p. 6) US Cooler pointed out that

WICF prices have not decreased since 1986 CoolerNo. PMeeting, at pp. 31811)US

17 Bureau of Labor StatisticBroducer Price Indelndustry DataSeriesPCU3334153334153
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Cooleralsoargued that the WICF industry is dependent enpitice of metal (US Cooler, No.

99 at p. 8)

DOE believes that the comments on past prices likely refer to nominal prices, since that is
what manufacturers see. The PPI index that DOE sisewsa slight increasing trend from 1980
to 2012. DOE uses aé(inflation-adjusted) prices throughout its analysis, however, and the
inflation-adjusted PP$hows a slight declining trend. For the final rule, DOE used a more
disaggregated PPI: foommercial refrigerators and related equipm@ihte exponential fithtat

wasderived exhibits a very slight declining trend, which DOE generally applied for WICFs.

However, DOEleterminedhat this trend was inappropriate for panels anddisplay
doors where the majority of the manufacturer cost is polyurethane foam insulation. For these
equipment classes DOE used constant real pwbesestimaing future equipment priceFor

details on the estimation of futueguipment priceseeappendix8D of thefinal rule TSD.

2. Installation Costs
Installation cost includes labor, overhead, and any miscellaneous materials and parts
needed to install the equipmeRtr the NOPR analysis, DOE included refrigeration system

component installation costs basedRfH Means Mechanical Cost Data 201 Refrigeration

system installation costs included separate installation costs for the condensing unit and unit

18 Reed Construction DatRSMeans Mechanical Cost Data 2012 Ba2i12
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cooler.DOE continued with this approach for refrigeration systenpgeparing oday os f i nal

rule.

Forthe NOPRDOE estimated installation costs separately for panelsdismtay doors,
and display doors. Installation costs for panels were calculated per square foot of area while
installation costs for nedisplay doors were calculated per door. Display dooaliasion costs
were omitted and assumed to be included in the panel installation costs for dispkayswalk
DOE assumed that display doors are either installeay with the other watkn components
and thatand the installation costs for the displayda® ar e i n c | wudpedd aimo utnhtes

for the OEM channel.

DOE received several commemnégarding panel installatiazostsas a result of increased
foaminsulation thicknesdCS statedthatpanelsrequiring more than 4 inches of foam insulation
will require thermal barriers and automatic fire suppression, which are expensive and wall place
burden on manufacturers aaddunnecessary costs on end us@S, No. 100, at p. 7)

Similarly, Nor-Lakeasserted that building codes may require a thermakbasprinkler system,

or other tests if panébamthickness increases above 4 incl{Blor-Lake, No.115at p. 4

For cooler and freezer walls greater than 48Gtie International Building Cod&(IBC)

requires sprinkler systems and other fiadety criteria regardless of panel thickm@sBherefore,

19 International Code Council, IndnternationaBuilding Code 2012, ISBN: 978.-60983040-3
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there would be no additional installation costsviatk-ins of this sizethat would be dependent

on foam thickness.

For walkin coolers up to 4004t Section 2603.4.1.3 of the IBC states thase coolers
do not require special consideration for foam thickness up to 4 inches if the metal facing is of
greater thickness than 0.08%h or 0.016nch for aluminum or steel, respectively. For foam
thicknesgsgreater than 4 inches and up to 10 irssfzethermal barrier is required. DOE added
the cost of installing a O-Bich gypsum thermal barrier when the panel foam thickness exceeds 4
inches?! The cost of materials and labor was estimated &3$t” (this includes thénstallation

costfor taped,and finished (level 4inish) fire resistan0.5-inch gypsum) based dRSMeans

Facilities Construction Cost Data, 2613This cost was applied @il installationsof walk-ins up

to 400ft> wherefoam thicknesss greater than 4 inches and up to 10 inches

3. Maintenance and Repair Costs
Maintenance costs are associated with maintaining the equiprapatation,
whereas repair costs are associated with repairing or replacing components that have

failed in the refrigeration system and the envelope (i.e.lpamnel doors)ln preparing

? gection 2603.4.1.2 states that foam plastics used in cooler and freezer walls up to a maximum thickness of 10
inches shall be protected by an automatic sprinkler system. Where the cooler or freezer &hwitliimg, both the

cooler or freezer and the part of building in which it is located shall be sprinklered.

2L section 2603.4 defines a thermal barrier material where the average temperature of the exposed surface does not
rise more than 250° F after 15mates of fire exposure. One can meet this criterion using 0.5 inch gypsum which is
rated at .

% Reed Construction DatRSMeans Facilities Maintenance & Repair 2013 Cost Data Bii3.
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the final rul ebs anal ysi s, D O Hor theoNOPPanadydis t h e

with regard tanaintenance for display doors with light8 FR 55781, 55828 he remaining
data on general maintenance for an entialkin were apportioned between the refrigeration
system and the envelope doors. Based on the descriptions of maintenance activitieSin the

Means Facilities Maintenance and Repair Cost [2843% and manufacturer interviews, DOE

assumed that theegeral maintenance associated with the panels is minimal and did not include
any maintenance costs for panels in its analysis. RS M¥éHr3lata provided general

maintenance costs for display and storage ek

For t od ay thetotdl annabmaintenancescosts for a watkunit rangefrom
$172to $265, of thisDOE assumedXb2would be spent on the refrigeration system and the rest
would be spent on the display and passage doors of the envelope. Maintenance costs were

assumed to be the sameross small, medium, and large door sizes in the case of beth non

display doors and display doors. As stated previously, annual maintenance costs for the envelope

wall and floor panels were assumed to be negligible and were not considered.

Severabpartiesstatedthat DOE had underestimated thaintenance costs associated
with refrigerant leakage and refrigerant chafgeCCA, No. 119, at p. 3; Netake, No.115, at
p. 2; ICS et al, No. 100 at p. 5; NRA No. 112, at p.&S, et al.recommenddan annual cost

of $500 to $70pwhile Nor-Lake suggested $600.

2 Reed Construction DatRSMeans Facilities Maintenance & Repaifl 3@ ost Data Bogk2013
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Based on the commearieceived, DORised an annualbstof $500 to account for

systenrefrigerantrecharging.

4. Annual Energy Consumption
Typical annual energy consumptionvadilk-ins at eachconsidered efficiency level is

obtained from thenergy usanalysis results (sesection I1V.F of this notige

5. Energy Prices
DOE calculate@verageState commercial electricity prices using the U.S. Energy
I nformati on Admi ni st ofddnthlpHeotsc Ufjlity Sakedad Revebuat a b a s
D a t “ADOE& calculated an avera§datecommercial price by (1) estimating an average
commercial price for each utility company by dividing the commercial revenues by commercial

sales; and (2) weighting eachlityy by the number of commercial customers it served by state.

6. Energy Price Projections
To estimate energy prices in future ye@d©E extrapolated the averagat® electricity

prices described above using the forecast of annual average commertiaitglpdces

#U.S. Energy Information AdministratioEIA-826 Sales and Revenue Spreadshéesst accessed May 16,

2012).www.eia.doe.gov/cneaf/electricity/page/eia826.html
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developed in the Reference Case fidE0D2013%° AEO2013forecasted prices through 2040.

To estimate the price trends after 2040, DOE assumed the same average annual rate of change in

prices as from 2031 to 2040.

7. Equipment Lifetime
Forthe NCPR,DOE estimated lifetimes for the individual components analyzed instead
of the entire unitlt ussdan average lifetime of 15 years for panels, 14 years for display and non
display doors, and 12 years for refrigeration systeldfSE reflects the uncertainty of equipment

lifetimes in the LCC analysis for equipmexamponerg by usingorobability distributions.

A number of stakeholders assertedt DOE had overestimated tbguipmentifetimes,
and that in general the averddetime forWICFsis 10 years. (NAFEM, No. 118, at p. 3; Bally,
No. 102, at p. 2; APC, No. PMeeting, at p. 246; Louisville Cooler, No. PMeeting, at p. 249;
Hillphoenix, No. 107 at p. S)ouisville Coolerstated that WIC&have a wide range of lifetimes,
and hat atypical fast food or convenience store waikunit will have a 16year life but

institutional wak-ins would have a life up to 20 years. (Louisville Cooler, No. 81 at p. 1)

% The spreadsheet tool that DOE used to conduct the LCC and PBP analyses allows users to select price forecasts
from eitherAEG6 s Hi gh Economic Growth or Low Econtethei ¢ Gr owt h

sensitivity of the LCC and PBP results to different energy price forecasts.
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For refrigeration system3hermoKool agreed wittheassumed lifetimef 12 years
(ThermoKool, No. 97 at p. 3While Bally and Manitowoc suggestthat average system

lifetimes are between 6 and 10 years. (Bally, No. 102 at p. 2; Manitowoc, No. 108, at p. 4)

Nor-Lake commented that typical panel lifetime is 10 to 15 yeans-[Jdke, No. 115, at
p. 3) while Manitowoc commented that 10 years is more typical. (Manitowoc, No. 108, at p. 4)
Several comments stated that panel lifetimes from 7 to 10 gesepresentative. (IB, No. 98,
at p. 3; ThermoKool, No. 97, at p. 3; Hillpénix, No. 107, at p. 7) Further, IB stated that panel
lifetimes should not be less than the minimum lifetiméefdoor. (IB, No. 98, at p. 3)PC
asserted that customers will likely replace the entire WICF when the panels fail if the remaining

componert are close to endf-life. (APC, No. PMeeting at p. 244)

ThermoKool and Bally commented that doors have lifetimes of 3 to 5 years and 4 to 6
years, respectively. (ThermoKool, No. 97, at p. 3; Bally, No. 102, atpa@foss, Hillphoenix,
APC, and IBasserdthat doors are replaced every 3 yeéitmnfoss, NoPMeetingat p. 239;
Hillphoenix, No. 107, at p. 5; APC, NBMeeting at p. 246; 1B, No. 98, at p) The CA 10Us,
after contacting endsers of walkin doors statedthattheir lifetime isapproximately 15 years.
(CAIOUS, No. 110, at p. 6CA I0Usfurther stated that while there is a wide range of lifetimes
for freight and panel doors, 8 to 9 years is typic@A (OUs, No. 110, at p. 6)Nor-Lake stated
that the typical lifetimef a passge door is 8 to 10 years, and the typical lifetmha freight

door is 5 to 7 yeargNor-Lake, No. 115, at p. 3)
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Based on the stakeholder comment s, DOE r ev
rule. In all caseDOE reduced the average equiptnifetime, as shown iffablelV.13.

Equipment lifetimes are described in detail in chapter 8 of the final rule TSD.

Table IV .13 Average Equipment Lifetimes for Walk -in Coolers and Freezergyears)

Final Rule
Component NOPR Small All Other Sizes
Display Door 14 12 12
Freight Door 14 12 6
Passage Door 14 12 6
Panel Wall/Floor 15 12 12
Refrigeration System 12 10 10

8. Discount Rates
In calculating the LCC, DOE applies discount rates to estimate the present value of future
operating costs to the customerswafik-ins.?° DOE derived the discount rates for thelk-in
analysis by estimating the average cost of capital for a large number of companies similar to
those that could purchasalk-ins. Thisapproaclresulted in a distribution of potential customer
discount rates from which DOE sampled in the LCC analysis. Bwspanies use both debt and
equity capital to fund investments, so their cost of capital is the weighted average of the cost to

the company of equity and debt financing.

®The LCC analysis estimates the economic i mpact on the
perspective in the year of purchase and therefore needseccréfl t hat i ndi vi dual 6s own perc
way of contrast DOEO6s analysis of national i mpact requi

are 7 percent and 3 percent, as required by OMB Circular@eptember 17, 260
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DOE estimated the cost of equity financing by using the Capital Asset Pricing Model
(CAPM).# The CAPM assumes that the cost of equity is proportional to the amount of

systematic risk associated with a company.

9. Compliance Date of Standards

Amendedstandard$or WICFs apply to equipment manufactured beginning on the date 3
years afterhie final rule is published unless DOE determines, by rule, thaear3period is
inadequate, in which case DOE may extend the compliance date for that standard by an
additional 2 years. (42 U.S.6313f)(4)(B)) In the absence of any information indicatithat 3
years is inadequate, DQftojectsa compliance date for the standards of 2017. Therefore, DOE
calculated the LCC and PBP for watkcoolers and freezers under the assumption that
compliant equipment would be purchased in the year when complatiicéhe new standard is

required 2017.

10.BaseCase Efficiency Distributions
To accurately estimate the share of consumers who would likely be impacted by a
standard at a particular efficiency | evel, DO
of equipmenefficiencies that consumers purchase under the base.eadhé case without new
energy efficiency standards). DOE refers to this distributieegafpmentefficiencies as a base

case efficiency distribution.

2" Harris, R.S Applying the Capital Asset Pricing Mod&JVA-F-1456. Available at SSRN:
http://ssrn.com/abstract=909893
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For the NOPRDOE examined the range of standard and optional equipment features
offered by manufacturers. For refrigeration systems, DOE estimated that 75 percent of the
equi pment sold under the base c adstatisptheul d be a
equipmenivould comply with the existing standards in EPCA, but have no additional features
that improve efficiency. The remaining 25 percent of equipment would have features that would
increase its efficiency. While manufacturers could have many options, DOE asthantne
average efficiency level of this equipment would correspond to the efficiency level achieved by
the baseline equipment with the first design option in the sequence of design options in the

engineering analysis ordered by their relative-eff&ctiveness.

For panels and nedisplay doorsPOE estimated that 100 percent of the equipment sold
under the base case would consist of equipmeheatseline levé that is, minimally
compliant with EPCA. For cooler display doors, DOE assumed that2&mt of the current
shipments are minimally compliant with EISA and the remaining 75 percent are-higher
efficiency (45 percent are assumed to have LED lighting, corresponding to the first efficiency
level above the baseline in the engineering analysé38 percent are assumed to have LED
lighting plus antisweat heater wire controls, corresponding to the second efficiency level above
the baseline). For freezer display doors, DOE assumed that 80 percent of the shipments would be
minimally compliant withEPCA and the remaining 20 percerduld have LED lighting,
corresponding to the first efficiendgvel above the baseline. (Sezigon IV.C for a discussion
of the efficiency levels and design options in the engineering analysisjurther information

on DOEOGs e s-taseasfiicierey destfibutlorsgssee chapter 8 of thimal rule TSD.
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11.Inputs to Payback Period Analysis
Payback period is the amount of time it takes the customer to recover the higher purchase

cost of more energy efficient equignt as a result of lower operating costs. Numerically, the
PBP is the ratio of the increase in purchase cost to the decrease in annual operating expenditures.
This type of calculation is known as a fAsi mpl
changs in operating cost over time or the time value of money; that is, the calculation is done at
an effective discount rate of zero percent. PBPs are expressed in years. PBPs greater than the life
of the equipment mean that the increased total installedttst moreefficient equipment is

not recovered in reduced operating costs over the life of the equipment.

The inputs to the PBP calculation are the total installed cost to the customer of the
equipment for each efficiency level and the average annesghtapg expenditures for each
efficiency level in the first year. The PBP calculation uses the same inputs as the LCC analysis,

except thaelectricity price trends andiscount rates are not used.

12. RebuttablePresumption Payback Period
Sections 325(0)(2B)(iii) and 345(e)(1)(A) of EPCA (42 U.S.C. 6295(0)(2)(B)(iii) and
42 U.S.C6316(ajA)) establish a rebuttable presumptegplicable tavalk-ins. The rebuttable
presumption states that a new or amended standard is economically justified if the Secretary
finds that the additional cost to the consumer of purchasjogpmentomplying with an energy
conservation standard level will be less than three times the value of the energy savings during

the first year that the consumer will receive as a resufteo§tandard, as calculated under the
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applicable test procedure. This rebuttable presumption test is an alternative way of establishing

economic justification.

To evaluate the rebuttable presumption, DOE estimated the additional cost of purchasing
moreefficient, standardsompliant equipment, and compared this cost to the value of the energy
saved during the first year of operation of the equipment. @ksthe increased cost of
purchasing standargompliant equipmenrds includinghe cost of installing the equipment for
use by the purchaser. DOE calculated the rebuttable presumption payback period (RPBP), or the
ratio of the value of the increased installedg above the baseline efficiency level to the first
year 0s energy cost savings. When the RPBP is
satisfied; when the RPBP is equal to or more than 3 years, the rebuttable presumption is not
satisfied. Notehat this PBP calculation does not include other compoéthe annual

operating cost of the equipmeng( maintenance costs and repair costs).

While DOE examined the rebuttalessumption, ialsoconsidered whether the standard
levels considered are economically justified through a more detailed analysis of the economic
impacts of these levels pursuant to 42 U.S.C. 6295(0)(2)(Bxisistent with its usual practice,
DOE conducted this more thomglu analysis to help ensure the completeness of its analysis of
the standards under consideratidine results of this analysis served as the basis for DOE to
evaluate the economic justification for a potential standard level definitively (thereby sogporti

or rebutting the results of any preliminary determination of economic justification).
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H. Shipments

Forecasts oéquipmenshipments are used to calculate the national impacts of standards
on energy use, NPV, and future manufacturer cash flows. The pevamponent model and
refrigeration system shipments model take an accounting approach, tracking market shares of
each equipment class and the vintage of units in the existing stock. Stock accounting uses
equipmenshipments as inputs to estimate the dig&ibution of inrserviceequipmenstocks for
all years. The age distribution ofgerviceequipmenstocks 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 stockDetaileddescription of the procedure to calculate future shipments is presented in

chapter 9 of the final rule TSD.

I n DOEG&6s shi pment s -mardsandtheisdomponmadsatesrivenf wa l
by new purchases and stock replacements due to faikgapment failure rates are related to
equipment lifetimes, which were revised for thmal rule, as described in sectiovi.G.7. DOE
modeled its growth rate projémhsfor new equipmentising the commercial building floor

space growth rates from tA&EO 2013NEMS-BT model.

Complete historical shipments data for walk could not be obtained from any one
single source. Therefore, for the NOPR DOE used data froltipfatsources to estimate

historical shipments.

NEEA suggested th&OE use industry data suchtasse collected bNAEFEM to

forecast shipments, even if it does not cover all manufactyiNEEA, No. 101, at p. 6DOE
144



contacted NAFEM, which providddOE withrecentcopies oftheirii Si ze and Shape

| ndust r $$dhese eepods congin data on the annual sales ofiwalkits in the food
service sector for 2002012. DOE analyzed the data received from NAFEM and also obtained
other data fron manufacturer interviews and other sourées.the final rule, DOE included

these new data into its shipments analysis.

a. Share of Shipments and StdokEquipment Class

Forthe NOPRDOE estimated that dedicated condensing @wut®unt for
approximately70 percent of the refrigeration market and the remaining 30 percent consists of
unit coolers connected to multiplex condensing systémsdedicated condensing refrigeration
systems, DOE estimated that approximately 66 percent and 3 percent of thenshgmdestock
of the refrigeration market is accounted for by outdoor and indoor dedicated condensing
refrigeration systems, respectively. For unit coolers connected to multiplex syS@ms,
estimated that medium temperaturetsaccount for about 25 peent of the shipments and

stock.

Regarding the relative shares of stock or shipetesgtiveen walkn coolers and freezers,
for the NOPRDOE estimated’1 percensharefor coolers and 29 percefur freezersDOE
estimated thathares bize of walkin units are 52 percent, 40 percent, and 8 percent for small,

medium, and larganits respectively.

% North American Association of Food Equipment Manufactu2042 Size and Shamé Industry Chicago, IL.
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DOE received no comments on the above estimatespanddd ay 6 s f i nal rul e

maintainedhe samevaluesthat were used in the NOPR.

2. Impact of Standardsn Shipments
For various equipmenpyriceincreass due to standards could lead to moeturbishng
of equipmeni{or purchase of used equipment), whiebuld have thesffect of deferring the
shipment ohewequipmenfor a period of timeFor the NOPRDOE did not have enough

informationon customer behaviao explicitly model the extent éfurbishing at each TSL

ACCA andHussmanrstated that additional panel insulation will encourage businesses to
extend the life of old units or purchase a useitl ather than a new unit. (ACCA, No. 93, at p.7;
HussmannNo. 93, at p. 7) However, Manitowoc noted that there is a very limited market for
used equipment because the panel dafigis notend itself to multiple cycles. (Manitowoc,

No. 108, at p. 4) ACCA pointed out that while there is a large market for used small WICFs
typically used in restaurants, larger WICFs found in grocery stores are less likely to be resold.

(ACCA, No 119, atp.B

DOE acknowledges thaticeincreasesrom amended standards could leadnicreases
in equipment refurbishing or the purchasei®éd equipment. DOE did niehve enough
information on WICF customer behavior to explicitly model the extent of refurigsitieach
TSL. However, DOE believes that the degree of refurbishing would not be significant enough to

change the ranking of the TSLs considered for
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Manitowoc argued that if the price of a WICF is too high, customers will use other
appliances to keep their food cold, such aacteins and undecounter coolers, which would
cause higher energy consumpti¢Manitowoc, No. 108, at p.ZhermoKool agreed that higher
prices would encourage customers to buy alternative means to keep prottliotsfiozen

(ThermaeKool, No.97 at p.3).

DOE is releasing a concurrent standard for commercial refrigeration equipment, which
includes the alternativequipmenmentioned by Manitowoc and Therrkmol. The equipment
covered under that rule will belgect to similar price increases as WECFFherefore, DOE
believes that there will be limited incentive for customers to purchase alternatives ts WHCF

meet the standards in todayoés final rul e.

|. National Impact Analysis National Energy Savings anceNPresent Value

The NIA assesses the NES and the NPV of total customer costs and savings that would
be expected as a result of amended energy conservation standards. The NES and NPV are
analyzed at specific efficiency levels for eaddik-in equipment clas. DOE calculates the NES
and NPV based on projections of annual equipment shipments, along with the annual energy
consumption and total installed cost data from the LCC analysis. Fiandheule analysis, DOE
forecasted the energy savings, operatiogf savings, equipment costs, and NPV of customer

benefitsover the lifetime oequipment sold fror2017through2046
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DOE evaluatd the impacts of the amended standards by comparingdaaseprojections
with standardsase projections. The basase pojections characterize energy use and customer
costs for each equipment class in the absence of any amended energy conservation standards.
DOE compares these projections with projections characterizing the market for each equipment
class if DOEwere toadgt anamended standard at specific energy efficiency levels for that

equipment class.

DOE uses a Microsoft Excel spreadsheet model to calculate the energy savings and the
national customer costs and savings from each TSLfifdlerule TSD and other dagnentation
that DOE provides during the rulemaking help explain the models and how to use them, and
interested parties can review DOEOGs anal yses
spreadsheet model uses average values as inputs (as opgosddibiity distributions of key

input parameters from a set of possible values).

For thefinal rule analysis, the NIA used projections of energy prices and commercial
building starts from thAEO2013 Reference Case. In addition, DOE analyzed scenaibs th
used inputs from thAEO2013 Low Economic Growth and High Economic Growth Cases.
These cases have lower and higher energy price trends, respectively, compared to the Reference
Case. NIA results based on these cases are preseajgueimdies10A and 1® of thefinal rule

TSD.

A detailed description of the procedure to calculate NES and NPV, and inputs for this

analysis are provided in chapter 10 of tinal rule TSD.
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1. Forecasted Efficiency in the Base Case and Standards Cases
A key component of the NIA is the trend in energy efficiency forecasted for the base and
standards caseAs discussed in section IV.G, DOBadldata collected from manufacturers and
an analysis of market informati®a develop a basease energy efficieyadistribution (which
yields a shipmeniveighted average efficiency) for each of the considered equipment classes for
the first year of the forecast period. For both refrigeration systems and envelope components,
DOE assumed no improvement of energy egficly in the base case and held the foase

energy efficiency distribution constant throughout the forecast period.

To estimate market behavior in the standards casesDOE s -ap Giro®¢ énar i o.

Under the roHup scenario, DOE assumes that equipreéfidiencies in the base case that do not
meet the standard | evel under consideration

equipment efficiencies above the standard level under consideration would be unaffected.

The estimated efficiencydnds in the base case and standards casksther described

in chapter8 of thefinal rule TSD.

2. National Energy Savings
For each year in the forecast period, DOE calculates the NES for each potential standard
level by multiplying the stock of equipmeeaffected by the energy conservation standards by the
estimated peunit annual energy savings. DOE typically considers the impact of a rebound effect

in its calculation of NES for a givepiece of equipmenfA rebound effect occurs when users
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operate higer efficiency equipment more frequently and/or for longer durations, thus offsetting
estimated energy savingBOE did not incorporata rebound factor fowalk-ins becausehey

areoperatée 24 hours a day, and therefore there is no potential for amdkeftect.

Major inputs to theNES calculation are annual unit energy consumption, shipments,

equipment stock, a sHe-primary energyonversion factor, and a full fuel cycle factor.

The annual unit energy consumption is the site energy consumeddik-g component
in a given year. Because the equipment classes analyged t o0 d eeprésena nangé of
differentequipmenthat issold across arange of sizBBOE adopt ed di fferent
for panels, and all other walk equipment. Br panelsNES is expressed asquare foageof
equipment, while for all other components NES is expressed peD@iit determined annual
forecasted shipmenteighted average equipment efficiencies that, in turn, enabled

determination of shipmenweighted annual energy consumption values.

The NES spreadsheet model keeps track of thedqtelre feet of watkn cooler and
freezer panels, and componenits shipped each yedmewalk-in stock in a given year is the
total numberof walk-ins shipped fron earlier years that ®ill in use in that yeabased on the

equipment lifetime

DOE did not include angebound effect for WIC&in its NOPR analysiSeveral

commenters agreed that there would be no rebound effect for \(IkgrmoKool, No. 97, at.p
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4; APC, No. 99, at p.8YEEA et al, No. 101, at p. 6; Hillphoenix, No. 107, at p.CXpE

maintained the same approactpreparingthe final rule.

To estimate the national energy savings expected érmangy conservatiostandards,
DOE uses a multipletive factor to convert site energy consumption (energy use at the location
where the appliance is operated) into primary or source energy consumption (the energy required
todelivert he si t e e n efinarylg DOE ksedonversiah dagtdremased o AEO
2013. For electricity, the conversion factors vary over time because of projected changes in
generation sourceg€., the types of power plants projected to provide electricity to the country).
Because th&EQO does not provide energy forecabeyond®04Q DOE used conversion factors

that remain constant at tR840valuesthroughout the 1 of the forecast.

DOE has historically presented NES in terms of primary energy savings. In response to
the recommendat i on s -ofeUseand Folleust@yiclé NMeaseirenoent A Poi n't
Approaches to Energy Efficiency Standardso ap
DOE announced its intention to use fiukel-cycle (FFC) measures of energy use and
greenhouse gas and other emissions in the raimpact analyses and emissions analyses
included in future energy conservation standards rulemakings. 76 FR 51281 (August 18, 2011)
After evaluating the approaches discussed in the August 18, 2011 notice, DOE published a

statement of amended policy imetFederal Registan which DOE explained its determination

that NEMS isthe mostappropriate tool for its FFC analysis and its intention to use NEMS for

that purpose. 77 FR 49701 (August 17, 2012).
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FFC mudtipliers that were applied, are described in appendidfGhe final rule TSD. NES

results are presented in both primanergyand FFC savings in sectidéhB.3.a

3. Net Present Value of Customer Benefit
The inputs for determining the NPV of the total costs and benefits experienoadkby
in customers are: (1) total annual installed cost; (2) total annual savings in operating costs; and
(3) a discount factor. DOEalculated net national customer savings for each year as the
difference between the basase scenario and standacdse scenarios in terms of installation
and operating costs. DOE calculated operating cost savings over the life of each piece of

equipmat shipped in the forecast period.

DOE multiplied monetary values in future years by the discount factor to determine the
present value of costs and savings. DOE estimated national impacts using {petttan and a
7-percent real discount rate as theerage real rate of return on private investment in the U.S.
economy. These discount rates are used in accordance with the Office of Management and
Budget (OMB) guidance to Federal agencies on the development of regulatory analysis (OMB
Circular A4, Sep¢ mber 17, 2003), and section E, #dAldent
Cost s, 0 t-pexcentrat@is an €dtineate of the average béforeate of return on
private capital in the U.S. economy, and reflects the returns on real estate and simadisbu
capital, including corporate capital. DOE used thgeBcent rate to capture the potential effects
of amended standards on private consumption. This rate represents the rate at which society
discounts future consumption flows to their present vah@E defined the present year as 201

for the analysis.
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J. Customer Subgroup Analysis

In analyzing the potential impact of new or amended standards on commercial customers,
DOE evaluates the impact on identifiable grougs, (subgroups) of customers, such as different
types of businesses that may be disproportionately affestedll businesses typically faee
higher cost of capital. In general, the higher the cost of capital, the more likely it is that an entity
would be dsadvantaged by a requirement to purchase higher efficiency equifBaseatl on
data from the 2007 U.S. Economic Census and size standards set by the U.S. Small Business
Administration (SBA), DOE determined that a majoritysofallrestaurants fall undereh
definition of small businessels.believes that this subgroupbsoadly representative of small

businesses that usalk-in coolers and walin freezers

DOE estimated the impabn the identified customer subgroup using the LCC
spreadsheet moddihe inpus for small restaurant&erefixed to ensure that the discount rates
electricity price, and equipment lifetimassociated with that subgroup were selectée.
discount rate was further increased by applying the small firm premium to the WiaE&
from these changes, all other inputstfagsubgroup analysis atbesame as those in the LCC
analysisDetails of the data used ftire subgroup analysis and results are presented in chapter

11 of the final rule TSD.
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K. Manufactureimpact Analysis

1. Oveview

DOE performed an MIA to estimate the financial impaat@ivenergy conservation
standards on manufacturerswadlk-in equipmentind todeterminghe impact of such standards
on employment and manufacturing capacity. The MIA has both quantitative and qualitative
aspects. The quantitative part of the MIA primarily relies on the Government Regulatory Impact
Model (GRIM), an industry castiow model wth inputs specific to this rulemaking. The key
GRIM inputs are data on the industry cost structure, product costs, shipments, and assumptions
about markups and conversion expenditures. The key outputimitistry net present value
(INPV). Different se$ of markup scenarios will produce different results. The qualitative part of
the MIA addresses factors such as equipment characteristics, impacts on particular subgroups of
manufacturersand important market and product trends. The complete MIA is edtim

chapter 12 of the final rule TSD

DOE conducted the MIA for this rulemaking in three phases. In Phase 1 of the MIA,
DOE prepared a profile of thvealk-in industry that includes a tegpown cost analysis of
manufacturers used to derive preliminaraficial inputs for the GRIMe(g, sales general and
administration (SG&A) expenses; research and development (R&D) expenses; and tax rates).
DOE used public sources of informatiamgluding company Securities and Exchange
Commission (SEC) IK fiings, Moo dy 6s company data reports,

Uu. S. Census Bureaubs Economic Census, and D
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In Phase 2 of the MIA, DOE prepared an industry dbsh analysis to quantify the
impacts ofanenergy conservation standahd.general, moratringent energy conservation
standards can affect manufacturer cash flow in three distinct waysy ¢i@atng a need for
increased investment; (By raisng production costs per unit; and &y altering revenue due to

higher petunit prices and possible changes in sales volumes.

In Phase 3 of the MIA, DOE conducted structured, detailed interviews with a
representative crossection of manufacturers. During these interviews, DOE discussed
engineering, manufacturing, procurement, inancial topics to validate assumptions used in

the GRIM and to identify key issues or concerns.

Alsoin Phase 3, DOE evaluated subgroups of manufacturers that may be
disproportionately impacted by amended standandthat may not be accurately repeted by
the average cost assumptions used to develop the industrfaastnalysis. For example,
small manufacturers, niche players, or manufacturers exhibiting a cost structure that largely

differs from the industry average could be more negativegctdtl.

DOE identified one subgroup, small manufacturers, for separate impact analyses. DOE
applied the small business size standards published by the SBA to determine whether a company
is considered a small business. 65 FR 30836, 30848 (May 15, 2086)eaded at 65 FR
53533, 53544 (Sept. 5, 2000) and codified at 13 CFR parfTtzlSmall Business
Administration (SBA) defines a small businessNarth American Industry Classification

SystemiN Al CS) 3 3-@ahditibning akd \Warm Air Heating Equipmteand Commercial
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and I ndustrial Refrigeration Equipment Manuf a
750e mpl oyee threshold includes all employees i
subsidiariesThe small businesses were further-sliloded into small manufacturers of panels,

doors, and refrigeration equipment to better understand the impacts of the rulemaking on those
entities. The small business subgroup is discussed in sections V.B.2/tBuwdf t odayds no

and in Chapter 12 of tHenal rule TSD.

2. Government Regulatory Impact Model

DOE uses the GRIM to quantify the changethmwalkin industrycash flow due to
amendd standards that result in a higher or lower industry value. The GRIM analysis uses a
standard, annual caglow analysis that incorporates manufacturer costs, markups, shipments,
and industry financial information as inputs, and models changes in ceststments, and
manufacturer margins that would result from new energy conservation standards. The GRIM
spreadsheet uses the inptatsrrive at a series of annual cash flows, beginning with the base
year of the analysi2013 in this caseand continuingo 2046 DOE calculated INPVs by
summing the stream of annual discounted cash flows during this pe@tiapplied discount
rates derived from industry financials and then modified them according to feedback during
manufacturer interviews. Discount ratasging from 9.4 to 10.5 percent were used depending

on the component being manufactured.

The GRIM calculates cash flows using standard accounting principles and cos\plaaages in
INPV betweerthebasecaseandeach TSL(the standards case). Essentially, the difference in

INPV between the basmseandastandards case represents the financial impact ey
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conservatiorstandard on manufacturegsdditional detailsabout the GRIM, the discount rate,

and other finacial parameters can be found in chapter 12 of the TSD.

DOE presents its estimates of industry impacts by grouping the atpjgpment clags
served by the same manufacturers. For the WICF industry, DOE groups results by panels, doors,

and refrigeratiorsystems.

a. Government Regulatory Impact Model Key Inputs

(1) Manufacturer Production Costs

Manufacturing higher efficiencgquipments typically more expensive than
manufacturing baselirequipmentdue to the use of more complex components, which are more
codly than baseline components. The changes in the MPCs of the analy@éccomponents
can affect the revenues, gross margins, and cash flow of the industry, makingy daestion

cost data key GRIM inputs for DOEOGsSs anal ysi s.

In the MIA, DOE used the MPCfor each considered efficiency level calculated in the
engineering analysis, as described in sediD and further detailed in chapter 5 of the NOPR
TSD. In adition, DOE used information from its teardown analysis, described in sé¢tDr3,
to disaggregate the MPCs into material, labor, and overhead costs. TatedallcalMPCs for
equipment above the baseline, DOE added incremental material, labor, overhead costs from the
engineering cosgfficiency curves to the baseline MPCs. These cost breakdowns and equipment

markups were validated with manufacturers during rfeaaturer interviews.
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(2) Shipments Forecast

The GRIM estimates manufacturer revenues based on total unit shipment forecasts and
the distribution of shipments lBguipment clas$or the basease analysis, the GRIM uses the
NIA basecase shipment forecastem 201, the base year for the MIA analysis, to 80the

last year of the analysis period.

For the standards case shipment forecast, the GRIM uses the NIA standards case
shipment forecasts. The NIA assumes zero elasticity in demand as explapetian 9.3.1 in
chapter 9 of the TSDrherefore, the total number of shipments per year in the standards case is
eqgual to the total shipments per year in the base case. DOE assumes a new efficiency distribution
in the standards case, however, based oartbggy conservation standard. DOE assumed that
product efficiencies in the base case that did not meet the standard under consideration would

Aroll upd to meet the new standard in the sta

(3) Product and Capital Conversion Costs

New energy conseation standards will cause manufacturers to incur conversion costs to
bring their production facilities and product designs into compliance. For the MIA, DOE
classified these conversion costs into two major groups: (1) product conversion costs and (2)
captal conversion costs. Product conversion costs are investments in research, development,
testing, marketing, and other noapitalized costs necessary to make product designs comply
with anew or amended energy conservation standard. Capital converstsrap®investments
in property, plant, and equipment necessary to adapt or change existing production facilities such

that new product designs can be fabricated and assembled.
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To evaluate the level of capital conversion expenditures manufacturerslikelyldncur
to comply with energy conservation standards, DOE used the manufacturer interviews to gather
data on the level of capital investment required at each efficiency level. DOE validated
manufacturer comments through estimates of capital expemdéquirements derived from the
product teardown analysis and engineering model described in s&tfo8. For the final rule,
adjustments were made to the ¢alpconversion costs based on feedback in the NOPR written
comments and changes in the test procedure for panels and refrigeration components.
DOE assessed the product conversion costs at each level by integrating data from quantitative
and qualitative sages. DOE considered feedback from multiple manufacturers at each
efficiency level to determine conversion costs such as R&D expenditures and certification costs.
Industry certification costs included fire safety testing by Underwriter Laboratories (dL) an
food safety certifications by the NSF International (NS$fnufactures Gata vasaggregated to
better reflect the industry as a whole and to protect confidential inform&torhe final rule,
adjustments were made to product conversion costs badeddaback in the NOPR written

comments and changes in the test procedure for panels and refrigeration components.

In general, DOE assumes that all converselated investments occur between the year
of publication of the final rule and the year by whimanufacturers must comply widim
amended standard. The investment figures used in the GRIM can be found in\é&:Romof
this notice. For additional inforation on the estimated product conversion and capital

conversion costs, see chapter 12heffinal rule TSD
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b. Government Regulatory Impact Model Scenarios

Markup Scenarios

As discussed above, MSPs include direct manufacturing production ieestal{or,
material, and over head e s tprodueioneasts.e. [BGEAOEOG s
R&D, and interest), along with profit. To calculate the MSPs in the GRIM, DOE applied
markups to the MPCs estimated in the engineering anaydishen addeith the cost of
shipping Modifying these markups in the standards case yields different sets of impacts on
manufacturers. For the MIA, DOE modeled two standasde markup scenarios to represent

the uncertainty regarding the potential impacts on priceégeofitability for manufacturers

following the implementation of amended energy conservation standards: (1) a preservation of

gross margin percentage markup scenario; and (2) a preservation of operating profit markup
scenario. These scenarios lead toedéht markups values that, when applied to the inputted

MPCs, result in varying revenue and cash flow impacts.

Under the preservation of gross margin percentage scenario, DOE applied a single
uni form Agross mar gin per clevels Agpeoductionecostisu p
increase with efficiency, this scenario implies that the absolute dollar markup will increase as
well. Based on publicly available financial information vealk-in manufacturerssubmitted
commentsand information obtained dag manufacturer interviews, DOE assumed the-non
production cost markudpwhich includes SG&A expensegR&D expensesnterest and profi®
to be 1.32 for panels, 1.50 for solid doors, 1.62 for display doors, and 1.35 for refrigeration.
These markups are csigtent with the ones DOE assumed in the engineering analysis.

Manufacturers have indicated that it is optimistic to assume that, as manufacturer production
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costs increase in response to an energy conservation standard, manufacturers would be able to
maintin the same gross margin percentage markup. Therefore, DOE assumes that this scenario

represents a high bound to industry profitability under an energy conservation standard.

In the preservation of operating profit scenario, manufacturer markups are set so that
operating profit 1 year after the compliance date of the amended energy conservation standard is
the same as in the base case. Under this scenario, as the cost dfgr@utthe cost of sales
rise, manufacturers generaligustreduce their markups to a level that maintains ‘case
operating profitThe implicit assumption behind this markup scenario is that the industry can
maintain only its operating profit in aldate dollars after the standard. Operating margin in

percentage terms is reduced between the base case and standards case.

3. Discussion of Comments
During theOctober 2013 NOPR public meetirigterested parties commented on the
assumptions and results bktanalyses as described in the TSal and written comments
addressed several topi@gscluding refrigerants, installation contractors, impacts on small
manufacturers, the base case markup, and the number of small panel manufacturers in the

industry.

a. Refrigerants
NAFEM and ICS requested that DOE incorporate the phase out of HFCs in its analysis.
NAFEM stated that alternative refrigerants could add to overall engineering costs and reduce

energy savings. (NAFEM, No. 118 at p. 4) (ICS, et al., No. 1@0 3) (IB, No. 98 at p. 2)
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The use of alternative refrigerants is not a direct result of this rule and is not included in this
analysis. Furthermore, there is no regulatory requirement to use alternative refrigerants at this
time. DOE does not includbe impacts of pending legislation or regulatory proposals in its
analysis, as any impact would be speculative. For this final rule, DOE does not include the

impact of alternative refrigerants in its analysis.

b. Installation Contractors

ACCA noted that th MIA did not assess the impact on installation contractors. (ACCA,
No. 88 at p. 338) ConsistentwithEPCAnd i n keeping with industryd
Preliminary Analysis and summarized in r@posal DOE has taken a compondrdsed
appro&hin setting standards for WICF. (42 U.S.C 6311(20)) As such, the MIA focuses on
manufacturers of WICF panels, WICF refrigeration, and WICF doors. DOE does not consider
the installation contractors to be manufacturers for the purpose for the Manufanpaet
Analysis as they do not produce the panels, refrigeration components, or doors being tested,

labeled, and certified.

c. Small Manufacturers

In written comments, manufacturers stated that new energy efficiency standards would
impose severe economicrbdahip on small business manufacturers. (Manitowoc, No. 108 at p. 4)
(Hillphoenix, No. 107 at p. 6) (APC, No.99 at p. 20) NAFEM stated that small businesses do
not have the R&D resources to create and implement the design options necessary to meet the
standards. (NAFEM, No. 118 at p. 4) A large number of comments focused on the economic

hardship of small business manufacturers that DOE considered to be primarily manufacturers of
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WICF panels. These comments focused on capital conversion costs, prosecsiom costs,

and production capacity impacts.

Hillphoenix and ICS commented that increased panel thickness would result in excessive
capital conversion costs, especially for small manufacturers. (Hillphoenix, No. 107 at p. 6) (ICS,
et al., No. 100 gb. 7) US Cooler stated that small manufacturers using foamrgidce
polyurethane that do not currently have the capability to manufacture 5" insulation would be
faced with costs of $800,000 for two foarrieeplace fixtures. Arctic stated that in order to
manufacture 5" foamenh-place polyurethane panels, small manufacturers would be required to
invest at least $1M. (Arctic, No. 117 at p. 2) Therimol estimated that the equipment cost
required to manufacture thicker insulation panels would likely lex@ess of $1 million for each
manufacturer. (ThermoKool, No. 97 at p. 2) Arctic and US Cooler added that moving from a 4
inch to a 5inch insulation panel would result in prohibitive retooling and labor costs for small
manufacturers currently makingidch panels. (Arctic, No. 117 at p. 1) (US Cooler, No. 104 at
p. 1) ICS further noted that requiring more than 4 inches of foam insulation will require thermal
barriers and automatic fire suppression, which are expensive and will add to manufacturer
burdens ad place unnecessary costs on end users. (ICS, et al., No. 100 at p. 7) US Cooler and
Arctic asserted that small manufacturers using extruded polystyrene (EPS) would need to make
extensive and costly changes to their manufacturing process and materieét tostandard
above baseline since EPS is only sold in 40

No. 117 at p.1).
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Manufacturers were also concerned about the product conversion costs related to the
standard proposed in the NOPR. Specifically, commenters cited high testing costs and limited
availability of test labs accredited to perform ASTM C1363 as prohibitivéebsato small
manufacturers complying with the standard. (Hillphoenix, No. 107 at p. 6) (Hussmann, No. 93
at p. 6) (Arctic, No. 117 at p. 1) (US Cooler, No. 100 at p. 6) APC commented that the ASTM
C1363 test had an excessive dostden of around $4,0G0r each test. (APC, No. 99 at p. 1) IB
estimated the total cost of testing to be in the range of $2.5 million for a manufacturer and stated
that such a cost would be prohibitive for small businesses. (IB, No. 98 at p. 4)

Aside from capital conversion dssand product conversion costs, panel manufacturers noted

other concerns related to a standard that would require an increase in panel thicknésde Nor

noted that increased panel thickness would raise production costs. These higher production costs
stem in part from the additional curing time needed for thicker pangts-Lake pointed out

that a 4" panel took approximately 25 minutes
and one hour, respectively, to cure. (Nake, No. 115 at p. 1) AP&greed with NoiL a k e 6 s

cure time estimates and further noted that a 5" panel would force manufacturers to lose 1/3rd of
their production capacity. (APC, No. 99 at p. 4) Manitowoc stated that thicker panels would be
heavier, necessitating longer curingesrand raising safety concerns during the manufacturing

process. (Manitowoc, No. 108 at p. 3)

DOE has taken the industryds feedback on ¢
costs, production capacity implications into account in its final rul/sisaAs a result, DOE

selected a standard level that is equivalent to the current baseline for WICF panels.
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Consequently, DOE expects that no new investment in capital equipment or outside testing

would be necessary to meet the standard, thereby mingnimpacts on small manufacturers.

d. Mark Up Scenarios

Manufacturers submitted several comments with regard to manufacturer markups.
Hussmann stated that the market does not use a simple markup and that markups vary based on
customer payback periordsarmle h manuf acturerés ability to ma:
No. 93 and p.3) Thermokool submitted a comment
undervalued. (ThermoKool, No 97 at p.3) APC noted that panel markups are closer to 1.46
(rather t han 32) @i @fageratian makupate clised to 1.45 (rather than

DOEs markup of 1.35). (APC, No 99 at p.6)

While applying a simple markup on manufacturer production cost may not be a common
practice to arrive at a selling price for watkpanel manufacturs, DOE believes applying a
simple industryaverage markup is a useful tool for modeling the industry as a whole. DOE
validated its markup values with eight different panel manufacturers during manufacturer
interviews. While the industrgverage markup vaés may be low for specific companies,
especially for small manufacturers, DOE notes that using low markup assumptions provides a
more conservative analysis, which ensures that DOE does not understate the potential negative

impacts on industry.
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e. Number ofSmall Businesses

American Panel commented on the number of manufacturers in the WICF panel industry.
It estimates that there are only 5 large manufacturers ofiwg&nels. Therefore, American
Panel suggested that 42 of 47 wadkpanel manufacture(89%) are small businesses, not 42 of

52 (81%) as estimated by DOE in the NOPR.

DOE identified 5 parent companies with 10 subsidiaries that producamadaels.
This is consistent with American Panel 6s writ
manugcturers of walkn panels. DOE has revised its regulatory flexibility analysis to more

accurately reflect the number of large and small manufacturers identified in the industry

L. EmissionsAnalysis

In the emissions analysis, DOE estimated the reductipower sector emissions of
CO,, NGy, sulfur dioxide (S@ and Hg from amended energy conservation standardsaf&sin
coolers and wakln freezersin addition, DOE estimates emissions impacts in production
activities extracting, processing, and trandgpw fuels)that provide the energy inputs to power
plants. These are referred to as fAupstreamodo e
full-fuelkc ycl e ( FFC) . | n &ECcStaterdeatrofdPelicywi6 EFR51IBD(Budy.s
18, 2011)) 7FR 49701 (August 17, 2012), the FFC analysis includes impacts on emissions of

methane (Ck) and nitrous oxide (pD), both of which are recognized as greenhouse gases.

DOE conductedhe emissions analysis using emissions fadtmr€0, and most of the

other gaseserived from data iIAEO 2013 supplemented by data from other sources. DOE
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developed separate emissions factors for power sector emissions and upstream emissions. The
method that DOE used to derive emissions factors is described in chaptéhd 3irwdl rule

TSD.

EIA prepares thénnual Energy Outlookising NEMS Each annual version of NEMS

incorporates the projected impacts of existing air quality regulations on emigsies2013
generally represents current legislation and environmergalatons, including recent
government actions, for which implementing regulations were available as of December 31,

2012.

SO, emissions from affected electric generating units (EGUS) are subject to nationwide
and regional emissions capdtrade programs. Title IV of the Clean Air Act sets an annual
emissions cap on S@or affected EGUs in the 48 contiguous States (42 U.S &l &6seq) and
the District of Columbia (D.C.). S@missions from 28 eastern States and D.C. were also limited
under the Clean Air Interstate Rule (CAIR; 70 FR 25162 (May 12, 2005)), which created an
allowancebased trading program. CAIR was remandeithéoU.S. Environmental Protection
Agency (EPA) by the U.S. Court of Appeals for the District of Columbia but it remained in
effect?® In 2011, EPA issued a replacement for CAIR, the G8iage Air Pollution Rule

(CSAPR). 76 FR 48208 (Aug. 8, 2011). On AsgR1, 2012, the D.C. Circuit issued a decision

2 gseeNorth Carolina v. EPA550 F.3d 1176 (D.C. Cir. 2009Yorth Carolina v. EPA531 F.3d 896 (D.C. Cir.

2008).
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to vacate CSAPR The court ordered EPA to continue administering CAIR. AE® 2013
emi ssions factors used for todayodés final rul e

through 2040.

The attainmentfoemissions caps is typically flexible among EGUs and is enforced
through the use of emissions allowances and tradable permits. Under existing EPA regulations,
any excess S£emissions allowances resulting from the lower electricity demand caused by the
adoption of a new or amended efficiency standard could be used to permit offsetting increases in
SO, emissions by any regulated EGU. In past rulemakings, DOE recognized that there was
uncertainty about the effects of efficiency standards oneB@issions coered by the existing
capandtrade system, but it concluded that negligible reductions in power secten#€3ions

would occur as a result of standards.

Beginningaround2015, however, S£emissions will fall as a result of the Mercury and
Air Toxics Sendards (MATS) for power plants. 77 FR 9304 (Feb. 16, 2012). In the final MATS
rule, EPA established a standard for hydrogen chloride as a surrogate for acid gas hazardous air
pollutants (HAP), and also established a standard fe(&@orHAP acid gas) an alternative
equivalent surrogate standard for acid gas HAP. The same controls are used to reduce HAP and
nonHAP acid gas; thus, S@missions will be reduced as a result of the control technologies

installed on coafired power plants to comply witthe MATS requirements for acid gas.

30 SeeEME Homer City Generation, LP v. EPA96 F.3d 7, 38 (D.C. Cir. 2012).
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AEO2013assumes that, in order to continue operating, coal plants must have either flue gas
desulfurization or dry sorbent injection systems installed by 2015. Both technologies, which are
used to reduce acid gas emissipalso reduce S@missions. Under the MATS, NEMS shows a
reduction in S@emissions when electricity demand decreaggg @s a result of energy

efficiency standards). Emissions will be far below the cap that would be established by CAIR, so
it is unlikely that excess S{emissions allowances resulting from the lower electricity demand
would be needed or used to permit offsetting increases ire®@sions by any regulated EGU.
Therefore, DOE believes thanergy efficiencystandards will reduce S@missions in 2015 and

beyond.

CAIR established a cap on N@missions in 28 eastern States and the District of
Columbia. Energy conservation standards are expected to have little effeci emid€ions in
those States covered by CAIR because exceseh@sions allowances resulting from the
lower electricity demand could be used to permit offsetting increases,iemMiGsions.
However, standards would be expected to reduceadissions in the States not affected by the
caps, so DOE estimated N®missons r eductions from the standar

rule for these States.

The MATS limit mercury emissions from power plants, but they do not include emissions

caps and, as such, DOEG6s energy conemsDOEti on

estimated mercury emissions factors baseAB@®2013 which incorporates the MATS.
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M. Monetizing Carbon Dioxide and Other Emissions Impacts

As part of the development of the standards in this final rule, DOE considered the
estimated monetary beneafifrom the reduced emissions of £&nd NQ that are expected to
result from each of the TSLs considered. In order to make this calculation analogous to the
calculation of the NPV of customer benefit, DOE considered the reduced emissions expected to
resultover the lifetime of equipment shipped in the forecast period for each TSL. This section
summarizes the basis for the monetary values used for each of these emissions and presents the

values considered in this final rule.

For todayo6s felyingooh a setwflvalues f@ theESCC that was developed
by a Federal interagency process. The basis for these values is summarized below, and a more
detailed description of the methodologies used is provided as an appendix to chapter 14 of the

final rule TSD.

1. Social Cost of Carbon
The SCC is an estimate of the monetized damages associated with an incremental
increase in carbon emissions in a given year. It is intended to include (but is not limited to)
changes in net agricultural productivity, human Hegtoperty damages from increased flood
risk, and the value of ecosystem services. Estimates of the SCC are provided in dollars per metric
ton of carbon dioxide. A domestic SCC value is meant to reflect the value of damages in the
United States resultinigom a unit change in carbon dioxide emissions, while a global SCC

value is meant to reflect the value of damages worldwide.
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Under section 1(b) of Executive Order 12866, agencies must, to the extent permitted by
Il aw, Nfassess bot hsoftheantendedsregslatian ardl, reécdgm@zing thah sorhel t
costs and benefits are difficult to quantify, propose or adopt a regulation only upon a reasoned
determination that the benefits of the intend
SCC stimates presented here is to allow agencies to incorporate the monetized social benefits of
reducing CQemissions into codtenefit analyses of regulatory actions. The estimates are
presented with an acknowledgement of the many uncertainties involvedthraiclear
understanding that they should be updated over time to reflect increasing knowledge of the

science and economics of climate impacts.

As part of the interagency process that developed these SCC estimates, technical experts
from numerous ageres met on a regular basis to consider public comments, explore the
technical literature in relevant fields, and discuss key model inputs and assumptions. The main
objective of this process was to develop a range of SCC values using a defensible sét of inp
assumptions grounded in the existing scientific and economic literatures. In this way, key
uncertainties and model differences transparently and consistently inform the range of SCC

estimates used in the rulemaking process.

a. Monetizing Carbon Dioxide Eissions

When attempting to assess the incremental economic impacts of carbon dioxide

emissions, the analyst faces a number of challenges. A report from the National Research
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Councif! points out that any assessment will suffer from uncertainty, speculatidack of
information about (1) future emissions of GHGs; (2) the effects of past and future emissions on
the climate system, (3) the impact of changes in climate on the physical and biological
environment, and (4) the translation of these environmenpacts into economic damages. As

a result, any effort to quantify and monetize the harms associated with climate change will raise

guestions of science, economics, and ethics and should be viewed as provisional.

Despite the limits of bothjuantification and monetization, SCC estimates can be useful
in estimating the social benefits of reducing &issionsThe agency can estimate the benefits
from reduced (or costs from increased) emissions in any future year by multiplying the change in
emissions in that year by the SCC value appropriate for that year. The net present value of the
benefits can then be calculated by multiplying each of these future benefits by an appropriate

discount factor and summing across all affected years.

It is important to emphasize that the interagency process is committed to updating these
estimates as the science and economic understanding of climate change and its impacts on
society improves over time. In the meantime, the interagency group will continugldoesthe
issues raised by this analysis and consider public comments as part of the ongoing interagency

process.

31 National Research Councilidden Cats of Energy: Unpriced Conseguences of Energy Production and Use
2009. National Academies Press: Washington, DC.
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b. Development oBocial Cost of Carbon Values

In 2009, an interagency process was initiated to offer a preliminary assessment of how
best to gantify the benefits from reducing carbon dioxide emissions. To ensure consistency in
how benefits are evaluated across Federal agencies, the Administration sought to develop a
transparent and defensible method, specifically designed for the rulemakiegrm quantify
avoided climate change damages from reduceglgd@ssions. The interagency group did not
undertake any original analysis. Instead, it combined SCC estimates from the existing literature
to use as interim values until a more compreheramadysis could be conducted. The outcome
of the preliminary assessment by the interagency group was a set of five interim values: global
SCC estimates for 2007 (in 2006$) of $55, $33, $19, $10, and $5 per metric top FhESe
interim values representdide first sustained interagency effort within the U.S. government to
develop an SCC for use in regulatory analysis. The results of this preliminary effort were

presented in several proposed and final rules.

c. Current Approach and Key Assumptions

After the release of the interim values, the interagency group reconvened on a regular
basis to generate improved SCC estimates. Specially, the group considered public comments and
further explored the technical literature in relevant fields. The interagency iggitegbon three
integrated assessment modgfVis) commonly used to estimate the SCC: the FUND, DICE,
and PAGE models. These models are frequently cited in theg@eewed literature and were
used in the last assessment of the Intergovernmental Ra@éhwate Change. Each model was

given equal weight in the SCC values that were developed.
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Each model takes a slightly different approach to model how changes in emissions result
in changes in economic damages. A key objective of the interagency prasegsenable a
consistent exploration of the three models, while respecting the different approaches to
guantifying damages taken by the key modelers in the field. An extensive review of the literature
was conducted to select three sets of input parasietethese models: climate sensitivity,
sociceconomic and emissions trajectories, and discount rates. A probability distribution for
climate sensitivity was specified as an input into all three models. In addition, the interagency
group used a range afenarios for the socieconomic parameters and a range of values for the
di scount rate. Al ot her model features were

best estimates and judgments.

The interagency group selected four sets of SCC valueséoin regulatory analyses.
Three sets of values are based on the average SCC from the three 1AMs, at discount rates of 2.5,
3, and 5 percent. The fourth set, which represents fhp&8entile SCC estimate across all
three models at aBercent discourrate, was included to represent higher than expected impacts
from temperature change further out in the tails of the SCC distribution. The 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 domesti¥ effects,

although preference is given to consideration of the global benefits of reducjrep@s3ions.

|t is recognized that this calculation for domestic values is approximate, provisional, and highly speculative. There
is noa priorireasorwhy domestic benefits should be a constant fraction of net global damages over time.
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TablelV.14 presents the values in the 2010 interagency group répenich is reproduced in

appendix 14A of the final rule TSD.

Table 1V .14 Annual SCC Values from 2010nteragency Report,2010 2050 (2007 dollars
per metric ton CO5)

Discount Rate

5% 3% 2.5% 3%

Year o5h
Average Average Average percentile

2010 4.7 21.4 35.1 64.9
2015 5.7 23.8 38.4 72.8
2020 6.8 26.3 41.7 80.7
2025 8.2 29.6 45.9 90.4
2030 9.7 32.8 50.0 100.0
2035 11.2 36.0 54.2 109.7
2040 12.7 39.2 58.4 119.3
2045 14.2 42.1 61.7 127.8
2050 15.7 44.9 65.0 136.2

The SCC values used for todaydés notice wer
the three integrated assessment modelshthat been published in the peeviewed literaturé?
TablelV.15shows the updated sets of SCC estimatesyi@as increments from 2010 to 2050.

The full set of annual SCC estimates between 2010 and 2050 is reported in appendix 14B of the
final rule TSD. The central value that emerges is the average SCC across inibhde8@ercent

discount rate. However, for purposes of capturing the uncertainties involved in regulatory impact

%3 Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 1i28&@gency Working

Group on Social Cost of Carbon, United States Government, Fel2Qbdy
www.whitehouse.gov/sites/default/files/omb/inforeg/émencies/SociaCostof-Carbonfor-RIA.pdf.

34 Technical Update of thSodal Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866
Interagency Working Group on Social Cost of Carbon, United States Government. May 2013; revised November
2013.

http://www.whitehouse.gov/sites/default/files/omb/assets/inforeg/techumpcktesociatcostof-carbonfor-
regulatorimpactanalysis.pdf
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analysis, the interagency group emphasizes the importance of including all four sets of SCC

values.

Table IV .15 Annual SCC Values from 2013 Interagency Report201Q 2050 (2007 dollars
per metric ton)

Discount Rate

5% 3% 2.5% 3%

Year o5h
Average Average Average percentile

2010 11 32 51 89
2015 11 37 57 109
2020 12 43 64 128
2025 14 47 69 143
2030 16 52 75 159
2035 19 56 80 175
2040 21 61 86 191
2045 24 66 92 206
2050 26 71 97 220

It is important to recognize that a number of key uncertainties remain, and that current
SCC estimates should be treated as provisional and revisable since they will evolve with
improved scientific and economic understanding. The interagency group @gaires that the
existing models are imperfect and incomplete. The 2009 National Research Council report
mentioned above points out that there is tension between the goal of producing quantified
estimates of the economic damages from an incremental tambwin and the limits of existing
efforts to model these effects. There are a numbanaliytic challengethatarebeing addressed
by the research community, including research programs housed in many of the Federal agencies
participating in the interagey process to estimate the SCC. The interagency group intends to
periodically review and reconsider those estimates to reflect increasing knowledge of the science

and economics of climate impacts, as well as improvements in modeling.
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In summary, in condering the potential global benefits resulting from reduced CO
emissions, DOE used the values from the 2013 interagency,raghotted to 203$ using the
GDP price deflator. For each of the four sets of SCC values, the values for emissions in 2015
were$12.0, $40.5, $62.4, and $1per metric ton avoided (values expresseddiss). DOE
derived values after 2050 using the relevant growth rates for theZ2®@0period in the

interagency update.

DOE multiplied the C@emissions reduction estimated farch year by the SCC value
for that year in each of the four cases. To calculate a present value of the stream of monetary
values, DOE discounted the values in each of the four cases using the specific discount rate that

had been used to obtain the SCC galin each case.

In responding to thevalk-in coolers and wahn freezerdNOPR, many commenters
guestioned the scientific and economic basis of the SCC values. These commenters made
extensive comments about: the alleged lack of economic theory undeHgimodels; the
sufficiency of the models for poliema ki ng; potential flaws in the
assumptions (including the discount rates and climate sensitivity chosen); whether there was
adequate peer review of the three models; whether theradeguate peer review of the TSD

supporting the 2013 SCCvalu®syh et her the SCC esti mates compl

% Available at:
http://www.whitehouse.gov/sites/default/files/omb/inforeg/social_cost_of carbon_for_ria 2013 update.pdf
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I nformation Quality®*a8Bud |IR@EMs fown Pewird eRleivi eesw of
maximizing the quality, objectivity, utility anititegrity of information disseminated by DOE;

and why DOE is considering global benefits of carbon dioxide emission reductions rather than

solely domestic benefits(SeeAHRI, No. 83, ANGA, et al/Chamber of Commerce, Nk,

Cato, N0.106, Mercatus, N091). Several other parties expressed support for the derivation and

application of the SCC value€F, et al, No.94; ASAP, No.113 Kopp, No.80)

In response to the comments on the SCC values, DOE acknowledges the limitations in
the SCC estimates, witi are discussed in detail in the 2010 interagency group report.
Specifically, uncertainties in the assumptions regarding climate sensitivity, as well as other
model inputs such as economic growth and emissions trajectories, are discussed and the reasons
for the specific input assumptions chosen are explained. Regarding discount rates, there is not
consensus in the scientific or economics literature regarding the appropriate discount rate to use
for intergenerational time horizons. The SCC estimatesueis reasonable range of discount
rates, from 2.5% to 5%, in order to show the effects that different discount rate assumptions have
on the estimated values. More information about the choice of discount rates can be found in the

2010 interagency grougport starting on page 17.

Regarding peer review of the models, the three integrated assessment models used to

estimate the SCC are frequently cited in the peeiewed literature and were used in the last

36 Available at:
http://www.cio.noaa.gov/services programs/pdfs/OMB_Peer Review BulletinOB1p8f
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assessment of the IPCC. In addition, n@nsions of the models that were used in 2013 to
estimate revised SCC values were published in therpgmwed literature (see appendibBLlof

the DOE final rule TSD for discussion).

DOE believes that the SCC esti mQuadys compl y
Bull etin for Peer Review and DOEOGs own gui del

objectivity, utility and integrity of information disseminated by DOE.

As to why DOE is considering global benefits of carbon dioxide emission reductions
rather than solely domestic benefits, a global measure of SCC because of the distinctive nature of
the climate change problem, which is highly unusual in at least two respects. First, it involves a
global externality: emissions of most greenhouse gas#sloute to damages around the world
even when they are emitted in the United States. Second, climate change presents a problem that
the United States alone cannot solve. The issue of global versus domestic measures of the SCC

is further discussed in appdix 16A of the DOE final rule TSD.

In November 2013, OMB announced minor technical corrections to the 2013 SCC values
and a new opportunity for public comment on ithteragency technical support document
underlying the SCC estimateSee78 FR 70586.The comment period for the OMB
announcement closed on February 26, 2014. OMB is currently reviewing comments and
considering whether further revisions to the 2013 SCC estimates are watcatheagnderlying

science and economic basis of the SCC estisnasulting from the interagency proce$30E
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stands ready to work with OMB and the other members of the interagency working group on

further review and revision of the SCC estimates as appropriate.

AHRI stated that DOE calculates the present valubetosts of standards to consumers
and manufacturers over a-$8ar period, but the SCC values reflect the present value of future
climate related i mpacts well beyond 2100.
cost to hundreds of years of puesed future benefits is inconsistent and impro@&rRI, No.

114at p.6)

For the analysis of national impacts of the proposed standards, DOE considered the
lifetime impacts of products shipped in aBgar period. With respect to energy and energy cost
savings, impacts continue past 30 years until all of the products shipped inythar3@&riod are
retired. With respect to the valuation of &€nissions reductions, DOE considers the avoided

emissions over the same period as the energy savingemi&ions have on average a very

AHR

long residence time in the atmosphere. Thus, emissions in the period considered by DOE would

contribute to global climate change over a very long time period, with associated social costs.
The SCC for any given year represehis discounted present value, in that year and expressed

in constant dollars, of a lengthy stream of future costs estimated to resuth&emission of

oneton of CQ. It is worth pointing out that because of discounting, the present value of costs in

the distant future is very smal/l. DOE6s accou

avoided CQemissions reductions is consistenboth consider the complete impacts associated

with products shipped in the 3@ar period.
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2. Valuation of OtheEmissions Reductions
DOE investigated the potential monetary benefit of reducedead@ssions from the
potential standards it considered. As noted abD@# has taken into account howw or
amended energy conservation standards would redugemiSsionsn those 22 States not
affected by emissions caps. DOE estimated the monetized value,@nhs§ions reductions
resulting from each of the TSLs considered fo
relevant scientific literature. Estimatesmbnetary value for reducing N@om stationary
sources range from $8 to $4,83 per ton (208$).>” DOE calculated monetary benefits using a
medium value for N@emissions of $2®4 per short ton (in 20$), and real discount rates of 3

percent and 7 peeaot.
DOE is evaluatindgnow to appropriately monetizvoided S@and Hg emissions in
energy conservation standards rulemakingsas not includedhonetizatiorof these emissions

in the current analysis.

N. Utility Impact Analysis

The utility impact anlgsis estimates several important effects on the utility industry of
the adoption of new or amended standards. For this analysis, DOE used theBYEM®Slel to

generate forecasts of electricity consumption, electricity generation by plant type, and electri

3" The values for NQemissions originally came from : U.S. Office of Management and Bu@dfite of

Information and Regulatory Affair@006 Report to Congress on the Costs and Benefits of Federal Regulations and
Unfunded Mandates on State, Local, and Tribal Entitiéashington, DC. In 2001$, the N@alues range from

$370 to $3,800 per short ton. DOE converted the 2001$ values to 2013$ using gross domestic product (GDP) price
deflators from the Bureau of Economic Analysis (BEA) (stp://research.stlouisfed.org/fred2/series/GDPDEF/
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generating capacity by plant type, that would result from each considered TSL. DOE obtained

from the NIAthe energy savings inputs associated with efficiency improvemeadsto the

equipment under consideratidDOE conducts the utility impact analysis a scenario that

departs from the late&# EORe f er ence Cas e. I n the analysis fo
impacts of standards are the differences between values forecasted byBVEMS the values

in theAEO2013Reference Case. For more detailgtoa utility impact analysis, see chapter 15

of the final rule TSD.

O. Employment Impact Analysis

Employment impacts are one of the factors that DOE considers in selecting an efficiency
standard. Employment impacts include direct and indirect impacts. Birgggbyment impacts
are any changes that affelee abilityof walk-in equipmenmanufacturers, their suppliers, and
related service firm® employ workersindirect impacts are changes in employment in the
larger economyhatoccur because of the shift in expenditures and capital investment caused by
the purchase and operation of mefécientwalk-ins. Direct employment impacts are analyzed

as part of the MIA. Indirect impacts are assessed as part of the employment irapets.an

Indirect employment impacts from amended standards consist of the net jobs created or
eliminated in the national economy, other than in the manufacturing sector being regulated, as a
consequence of (1) reduced spending by end users on electBritygduced spending on new
energy suppésby the utility industry; (3) increased spending on the purchase price of new
coveredequipment and (4) the effects of those three f

DOE expects the net monetary savingsrframended standards to stimulate other forms of
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economic activity. DOE also expects these shifts in spending and economic activity to affect the

demand for labor.

I n developing this analysis for todayods st
employmenimpacts using an inputdput model of the U.S. economglledimpact of Sector
Energy Technologies, Version 3.1.1 (ImSET). InSET isasppciar pose ver sion of
Benchmark National Inpt® u t p 6@) tnodél,lwhich was designed to estimate tgonal
employment and income effects of enesgying technologies. The ImMSET software includes a
computerbased 1O model having structural coefficients that characterize economic flows
among the 187 sector s .iOsdtroctie iE besd omaa20020.68.al econo
benchmark table, specially aggregated to the 187 sectors most relevant to industrial, commercial,
and residential building energy use. DOE notes that INSET is not a general equilibrium
forecasting model, and understands the uncertaintiessed in projecting employment impacts,
especially changes in the later years of the analysis. Because INSET does not incorporate price
changes, the employment effects predicted by INSET mayestienate actual job impacts over

the long run. For the @PR, DOE used ImMSET only to estimate stiermm employment impacts.

For more details on the employment impact analysis and its results, see chapter 16 of the

final rule TSD.
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V. Analytical Results

A. Trial Standard Levels

As discussed in section 111.B, DAO& seting separate performance standards for the
refrigeration system and for the envelopeds d
components would be required to comply with the applicable performance standards. For a fully
assembled WICF unit iservice, the aggregate energy consumption would depend on the

individual efficiency levels of both the refrigeration system and the components of the envelope.

The refrigeration system removes heat from the interior of the envelope and accounts for
mostofthewalki n6s ener gy consumpti on. However, the
interact with each other and affect each ot he
the envelope components reduce the transmission of heat from the extdrgointerior of the
walk-in, the energy savings benefit for any efficiency improvement for these envelope
components depends on the efficiency level of the refrigeration system. Thus, any potential
standard level for the refrigeration system would affeetathergy that could be saved through
standards for the envelope components. On the other hand, the economics edfficéecy
refrigeration systems depend on the refrigeration load profile of the WICF unit as a whole, which

is partially impacted by thenvelope components.

To accurately characterize the total benefits and burdens for each of its proposed standard
levels, DOE developed TSLs that each consist of a combination of standard levels for both the

refrigeration system and the set of envelop@gonents that comprise a waitk Each TSL
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consists of a standard for refrigeration systems, a standard for panels, a standardlisplapn

doors, and a standard for display doors.

1. Trial Standard Level Selection Process
This sectiordescribe how DCE selected the TSLs. First, DOE selected sdymtential

efficiencylevels for refrigeration systems by performing LCC and NIA analyses for refrigeration
systems. Second, DOE selected levels for the envelope components by performing LCC and NIA
analysedor the envelope components paired with each of the selected refrigeration system levels
alone. Third, DOE chogtireecomposite TSLs from the combinations of the potential levels for
the refrigeration systems and the potential levels for the envelopeonents. This process
accounts for the fact that, as described above, the choice of refrigeration efficiency level affects

the energy savings and NPV of the envelope component levels.

DOE enumeratedp totenpotentialefficiencylevels for each of the figgeration system
classesand capacity point€ach analyzed capacity point in any refrigeration sys$iaan
efficiency levelscorresponding to an added applicable design option (described in $¥ciign
DOE also analyzed three competing compressor technologies for each dedicated condensing
refrigeration system class. These compressor technologies are: hermetic reciprocating, semi
hermetic,and scroll(For a detailed description regarding each of these compressor technologies,

seechgpter 5 of today's final rule TSP

At a given efficiency level, the compressor with kneestlife-cycle cost result was

selected to represent the equipnegrithat efficiency level. From the set of possible efficiency
185



levels for a given class, DOE selecthokefor further analysis. The firstrefrigeration
system levels were based thie maximum technology from the engineering analysis, the
secondheir relative energy saving potentighile maintaining positive national net
present values for each equipment claBlelast washased on maximizing the national

net present v.alue (AMax NPVO0)

After thethreepotential efficiency levels for each refrigacat system class were
selected as described above, DOE proceeded with the LCC and NIA analysis of the envelope
components (panels and doors). DOE conducted the LCC and NIA analyses on the envelope
components by pairing them with each refrigeration systéoieacy levels. Each panel and
door class has betwe@wur and nine potential efficiency levels, each corresponding to an
engineering design option applicable to that class (described in section IV.C). These LCC and
NPV results represent the entire rargg the economic benefits to the consumer at various
combinations of efficiency levels of the refrigeration systems and the envelope components. The
pairing of refrigeration system efficiency levels with the efficiency levels of envelope component

classs is discussed in detail in chapter 10 offthal rule TSD.

DOE selected envelope component levels for further analysis based on the following

criteria: maximum NPV, maximum NES with positive NPV, anaximum NES ax Tecl).

Finally, DOE chos¢hreecomposite TSLs by selecting from the combinations of the

threepotential levels for the refrigeration systems andhineepotential levels for the envelope
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components. The composite TSLs and criteria for each one are shoalléy.1. The

composite TSLs are numbered from Bto order of least to most energy savings.

Table V.1 Criteria Description for the Composite TSLs

TSL | Component Requirement System Requirement
1 | Max NPV @ 7% discount rate Max NPV @ 7% discount rate
2 | Max NESwith NPV > $0 Max NESwith NPV > $0
3 | MaxTech Max Tech

* NPV is evaluated discounted at 7%.

TSL 3is the maxtech level for each equipment class for all components.ZT'SL
represents the maximum efficiency level of the refrigeration system equipment classes with a
positive NPV at a -percent discount rate, combined with the maximum efficiency level with a
positive NPV at a -percent discount rate for each envelope compdipamtel, nordisplay door,
or display door).TSL 1 corresponds to the efficiency level with the maximNRV at a 7
percent discount rafer refrigeration system classasd componeni§ableV.2 shows the
mapping of TSLs to analysis point ELs and capaé&ity.more details on the criteria for the

TSLs, see chapter 10 of tfieal rule TSD.

Table V.2 Mapping Between TSLs ad Analytical Point ELs

EquipmentNOSTz'ga' Baseline TSL 1 TSL 2 TSL 3
©o5S et [Ton ool EL | Sontmarl B | Tookmooar] EE | Toummony |EL
DC.M.I. | 6,000 HER 0 SEM 6 SEM 6 SEM 6
DC.M.I. | 18,000 HER 0 HER 6 HER 6 HER 6
DC.M.I. | 54,000 SEM 0 SEM 6 SEM 6 SEM 6
DC.M.I. | 96,000 SEM 0 SEM 6 SEM 6 SEM 6
DC.M.O.| 6,000 HER 0 SEM 4 SEM 7 SEM 7
DC.M.O. | 18,000 HER 0 HER 7 SCR 8 SCR 8
DC.M.O. | 54,000 SEM 0 SCR 6 SCR 10 SCR 10
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DC.M.O. | 96,000 SEM 0 SCR 8 SCR 9 SCR 9
DC.L.I. | 6,000 HER 0 HER 7 SCR 7 SCR 7
DC.L.I. | 9,000 HER 0 HER 7 SCR 7 SCR 7
DC.L.I. | 54,000 SEM 0 SEM 7 SEM 8 SEM 8
DC.L.O. | 6,000 HER 0 HER 4 SCR 10 SCR 10
DC.L.O. | 9,000 HER 0 HER 6 SCR 11 SCR 11
DC.L.O. | 54,000 SEM 0 SCR 9 SCR 10 SCR 10
DC.L.O. | 72,000 SEM 0 SEM 8 SEM 12 SEM 12
MC.M.N. | 4000 6FIN 0 6FIN 3 6FIN 3 6FIN 3
MC.M.N. | 9000 6FIN 0 6FIN 3 6FIN 3 6FIN 3
MC.M.N. | 24,000 6FIN 0 6FIN 3 6FIN 3 6FIN 3
MC.L.N. | 4,000 4FIN 0 4FIN 4 4FIN 4 4FIN 4
MC.L.N. | 9,000 6FIN 0 6FIN 4 6FIN 4 6FIN 4
MC.L.N. | 18,000 4FIN 0 4FIN 3 4FIN 5 4FIN 5
MC.L.N. | 40,000 4FIN 0 4FIN 3 4FIN 5 4FIN 5

While DOE maintained the same methodology in the final rule as it did in the NOPR for
mapping ELs to TSLs, the number of TSLs has ¢
DOE established six TSLs to specifically examine the impacts of a standard vakre a
compressor technologies could meet a minimum efficiency as a system requirement, and b) only
display doors had an NPV > $0 as a component requirement. These weteriereated in
additont o t he three TSL crit etoatatal of sieNDPR TiSLSth® d ay 6 s
criteria for selecting TSL showninTableV.3NsRddn and t o

in this table, the NOPR TSLs 4 throu@lare equivalent to the final rule TSLs 1 through 3.

Table V.3 Comparison of NOPR to Final Rule TSL Criteria

NOPR TSL Criteria Final Rule TSL Criteria
System Component System Component
TSL ; : TSL . ;
Requirement Requirement Requirement Requirement
1 All Compressors | Max NPV (all
Max NPV components)
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Display Doors,
2 | Max NPV NPV > $0
3 All Compressors Max NES, NPV >
NPV > $0 $0
4 | Max NPV Max NPV 1 | Max NPV Max NPV
5 Max NES, NPV > | Max NES, NPV > 5 Max NES, NPV | Max NES, NPV
$0 $0 > $0 > $0
6 Max Tech Max Tech 3 | Max Tech Max Tech

The "All CompressorsNOPR refrigeration systenisSLs(TSLs 1, and 3)vere added to
the NOPR in response to stakeholder comments during the initial phase of timakirlg.For
todayodés final rul e, the t Biveefall congptessortymes.si der ed
Subsequentlythefi A | dmpr€ssas” TSLs are redundarmto d ay 6 s f i weeel rul e; ar

therefore droppettom the analysis

The 'DisplayDoors, NPV > $0" NOPR coponent TSLTSL 2)was dropped from the final
rule becaus&lax NPV, and Max NES where NPV is greater t§@monlyoccui n t oday o6 s f i
rule under conditionsvhere allcomponentsre held at the baseline except for the equipment
classes covering displaypdrs. Hence,for oday 6s f i nal rule TSLs 1 an

"Display Doors" criterion.

2. Trial Standard Level Equations
Forpanels DOE expresses the TSLs in term$Re¥alue.As discussed in sectidi.B.1,
DOE is no longer requiring the performarussed procedures to calculate-adlue of a walk
in panel. The Department reverted to thermal resistanceyaluR, as measured by ASTM

C518, aghe metric for establishing performance standards for-imatlooler and freezer panels.

189



For display and nodisplay doors, respectively, the normalization metric is the surface
area of the door. The TSLs are expressed in terms of linear equatioestaéfiish maximum

daily energy consumption (MEC) limits in the form of:

MEC= D3 (SurfaceArea)+ E

Coefficients D and E were uniquely derived for each equipment class by plotting the
energy consumption at a given performance level versus the surfacé #wedaor and
determining the slope of the relationship, D, and the offset, E, where the offset represents the
theoretical energy consumption of a door with no surface @rkea offset is necessary because
not all energyconsuming components of the daoale directly with surface ar¢dhe surface

area is defined in the walk cooler and freezer test procedure final rule.

For refrigeration systems, the TSLs are expressed as a minimum efficiency level (AWEF)
that the system must meet. For low temperg dedicated condensing systems (DC.L classes),
DOE calcul ated the AWEF differently for smal/l
that smallsized equipment may have difficulty meeting the same efficiency standard as large
equipment. Specifichl, DOE observed that for low temperature systems, higapacity
equipment tended to be more efficient than leeagracity equipment (DOE did not observe
strong trends of this form for medium temperature equipment). DOE expressed the AWEF for
thesmallapacity dedicated condensing systems as a
gross capacity, where the equation was based on the AWEFs for the smallest two capacities

analyzed. DOE expressed the AWEF for large capacity dedicated condensing agstesiiggle
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number corresponding to a value continuous with the standard level for the small capacity class
at the boundary capacity point between the classes (i.e., 9,000 Btu/h). DOE calculated a single
minimum efficiency for each multiplex condensingtsys class because DOE found that
equipment capacity did not have a significant effect on equipment efficiencgh&eterl0 of

the final rule TSD for details regarding the AWEF calculations.

TableV .4, TableV.5, TableV.6, TableV.7, *A 44 represents the surface aodahe
display door
TableV.8, TableV.9, andTableV.10 show the standards equatidos structural cooler panels,
structural freezer panels, freezer floor pangitsplay doors, nowlisplay passage doors, ron
display freight doorsand refrigeration systemespectivelyNote that theequations and
AWETFs for a particular class of equipment may be the same across more than one TSL. This
occurs when the criteria fowo different TSLs are satisfied Itlye same efficiency level for a
particular component. For example, for all refrigeration classes thd¢aolxevel has a positive
NPV; thus, the efficiency level with the maximum energy savings with positive NPV ZJSL

the same as the efficiency level corresponding to-teelx (TSL3).

Table V.4 Equations for All Structural Cooler Panel TSLs

TSL Equations for R-Value (h-ft*-°F/Btu)
Baseline 28
TSL1 28
TSL 2 28
TSL 3 90

Table V.5 Equations for All Structural Freezer Panel TSLs

TSL Equations for R-Value (h-ft*-°F/Btu)

Baseline 32
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TSL1 32
TSL 2 32
TSL 3 90

Table V.6 Equations for All Freezer Floor Panel TSLs

TSL Equations for Maximum R-value (h-ft>°F/Btu)
Baseline 28

TSL 1 28

TSL 2 28

TSL 3 90

Table V.7 Equations for All Display Door TSLs

TSL Equations for Maximum Energy Consumption
(kWh/day)
DD.M DD.L
Baseline| 0.14 x A+ 0.82 0.04 x Ayqt+ 0.88
TSL1 0.05 x A+ 0.39 0.09 x Ajg+ 1.9
TSL 2 0.04 x Ayg+ 0.41 0.15 x Ayg+ 0.29
TSL 3 0.008 x A+ 0.29 0.11 x Ayg+ 0.32

*A 44 represents the surface amdahedisplay door

Table V.8 Equations for All Passage Door TSLs

TSL Equations for Maximum Energy Consumption
(kwh/day)
PD.M PD.L
Baseline 0.05 x Ag+ 1.7 0.14 x A+ 4.8
TSL1 0.05 x Ag+ 1.7 0.14 x A+ 4.8
TSL 2 0.05 x Ag+ 1.7 0.14 x Ag+ 4.8
TSL 3 0.04 x Ag+ 1.6 0.13 x Ag+ 3.9

*A hg represents the surface area of the-display door

Table V.9 Equations for All Freight Door TSLs

TSL Equations for Maximum Energy Consumption
(kwWh/day)
FD.M FD.L
Baseline 0.04 x Ag+ 1.9 0.12 X Ag+ 5.6
TSL1 0.04 x Ag+ 1.9 0.12 X Ag+ 5.6
TSL 2 0.04 x Ag+ 1.9 0.12 X Ag+ 5.6
TSL 3 0.03 x Ag+ 1.9 0.09 x Ag+ 5.2

*A hg represents the surface area of the-display door

192




Table V.10 AWEFs for All Refrigeration System TSLs

Equipment Class

Equations for Minimum AWEF (Btu/W -h)*

Baseline TSL1 TSL2 TSL 3
DC.M.I, < 9,000 3.51 5.61 5.61 5.61
DC.MI,O 9, 3.51 5.61 5.61 5.61
DC.M.O, < 9,000 3.14 6.99 7.60 7.60
DC.M.O,0 9, 3.14 6.99 7.60 7.60

DC.L.I, <9,000 [1.39 x 10° x Q + 0.98]8.67 x 10° x Q + 2.00|5.93 x 10° x Q + 2.33[5.93 x 10° x Q + 2.33
DC.L.I, 09,000 2.23 2.78 3.10 3.10

DC.L.O, <9,000]/1.96 x 10° x Q + 0.82(3.21 x 10° x Q + 1.29]2.30 x 10* x Q + 2.73[ 2.30 x 10" x Q + 2.73
DC.L.O, 09,000 2.57 4.17 4.79 4.79
MC.M 6.11 10.89 10.89 10.89
MC.L 3.29 5.58 6.57 6.57

*Q representshe system gross capacity as calculated in AHRI 1250.

B. Economic Justification and Energy Savings

1. Economic Impacts on Commercial Customers

a. Life-Cycle Cost and Payback Period

Customeraffected by new or amended standards usually incur higher purchase prices

and experience lower operating costs. DOE evaluates these impacts on individual consumers by

calculating changes in LCC and the PBP associated with the TSLs. Using the approach described

in section IV.F, DOE calculated the LCC impacts and PBPs for tluéeeity levels considered

i n

todayobés fi

na

I rul e.

Il nput s

used i.é,or

c al

cul

equipment price plus installation costs), annual energy savings, and average electricity costs by

consumer, energy price trends, regaists, maintenance costs, equipment lifetime, and

consumer discount rates. DOE based the LCC and PBP analyses on energy consumption under

conditions of actuatquipmenuse. DOE created distributions of values for some inputs, with

probabilities attachetb each value, to account for their uncertainty and variability. DOE used

probability distributions to characterize equipment lifetime, discount rates, sales taxes and

several other inputs to the LCC model.
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TableV.11throughTableV.19 showkeyresults othe LCC and PBPanalysis for
eachequipmentlass. Each table presents the mean LCC, mean LCC savings, median PBP, and
distribution of customer impacts in the form of percentages of customers who experience net
cost, no impact, or net benefdenerally,customersvho currentlybuy equipmatin the base
case scenariat or above théevel of performance specified by th&L under consideration
would be unaffected if the amended standard were to be set at that TSL. Customers who buy
equipment below thkevel of theTSL under consideration wid be affected if the amended
standard were to be set at that TSL. Among these affected customers, some mafidvesrefit

LCC) and some may incur net cgbigher LCQ.

Table V.11 Summary LCC and PBP Resuls for Medium Temperature Dedicated
Condensing Refrigeration System$ Outdoor Condenser

Mean Values2013$ Life-Cycle Cost Savings _
Median
Energy A | Average CustomersThat Payback
TSL | Consumption | Installed nnua ag Experience .
Operating | LCC Savings Period
KWh/yr Cost Cost 20133 Net No Net ears
E— Cost | Impact | Benefit
1 13484 11153 2172 28825 6382 0% 0% 100% 1.1
2 12414 12060 2087 29036 6533 0% 0% 100% 2.2
3 12414 12060 2087 29036 6533 0% 0% 100% 2.2
Table V.12 Summary LCC and PBP Results for MediumTemperature Dedicated
Condensing Refrigeration System$ Indoor Condenser
Mean Values2013$ Life-Cycle Cost Savings Medi
Energy A | A Customers That Pae blzir:]k
TSL | Consumption | Installed nnhua verage Experience yo
Operating | LCC Savings Period
kWh/yr Cost Cost 2013% Net No Net years
Ea— Cost | Impact | Benefit
1 7550 5997 1512 18320 1485 0% 0% 100% 2.8
2 16396 11484 2560 32218 5942 2% 0% 98% 3.5
3 16396 11484 2560 32218 5942 2% 0% 98% 3.5
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Table V.13 Summary of LCC and PBP Results for LowTemperature Dedicated
Condensing Refrigeration System$ Outdoor Condenser

Mean Values2013$

Life-Cycle Cost Savings

Median

Ener Customers That
TSL Consumgp){[ion Installed Annugl Aver'age Experience Payt_)ack
Operating | LCC Savings Period
KWh/yr Cost Cost 2013% Net No Net years
I— Cost | Impact | Benefit
1 18598 9408 2712 31375 6463 0% 0% 100% 1.0
2 16396 11484 2560 32218 5942 2% 0% 98% 3.5
3 16396 11484 2560 32218 5942 2% 0% 98% 3.5
Table V.14 Summary of LCC and PBP Results for LowTemperature Dedicated
Condensing Refrigeration System$ Indoor Condenser
Mean Values2013$ Life-Cycle Cost Savings Medi
Energy Annual Average Customgrs That Pa?/blggk
TSL | Consumption | Installed ; : Experience X
Operating | LCC Savings Period
kWh/yr Cost Cost 2013% Net No Net years
I— Cost | Impact | Benefit
1 11958 5452 1974 21483 2157 0% 0% 100% 1.7
2 11497 5882 1948 21697 2078 0% 0% 100% 1.6
3 11497 5882 1948 21697 2078 0% 0% 100% 1.6
Table V.15 Summary LCC and PBP Results for Medium Temperature Multiplex
Refrigeration Systems (Unit Coolers Only)
Mean Values2013$ Life-Cycle Cost Savings Medi
Energy Annual Average Customers That Pai/blzigk
TSL | Consumption | Installed ; . Experience X
Operating | LCC Savings Period
kWh/yr Cost Cost 2013% Net No Net years
I Cost | Impact | Benefit
1 5634 2288 1214 12931 362 0% 0% 100% 3.1
2 5634 2288 1214 12931 362 0% 0% 100% 3.1
3 5634 2288 1214 12931 362 0% 0% 100% 3.1

Table V.16 Summary LCC and PBP Results forLow-Temperature Multiplex Refrigeration
Systems (Unit CoolerOnly)

TSL

Energy

Consumption

kWh/yr

Mean Values2013$

Life-Cycle Cost Savings

Installed
Cost

Annual
Operating
Cost

LCC

Average
Savings
2013%

Customers That

Experience
Net No Net
Cost | Impact | Benefit

Median
Payback
Period

ears
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1 9264 2381 1577 16143 598 0% 0% 100% 2.7
2 9240 2453 1575 16195 547 0% 0% 100% 3.1
3 9240 2453 1575 16195 547 0% 0% 100% 3.1
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Table V.17 Summary LCC and PBP Results for Structural and Floor Panelsger ft?)

Life-Cycle Cost2013$ Life-Cycle Cost Saving2013$ .
Median
Energy h Payback
TSL | Consumption Discounted Consum.ers that Py_ d
KWhiyr Installed Operating LCC Average Experience erio
Cost Savings | Net No Net years
Cost .
Cost | Impact | Benefit
Medium Temperature Structural Panel
15.0 0.2 16.4 0% | 100% 0%
2 0 15.0 0.1 16.3 0% | 100% 0%
3 0.5 36.5 0.0 36.9 -20.7 | 100%| 0% 0% 238.6
Low Temperature Structural Panel
155 0.6 21.2 0% | 100% 0%
155 0.6 20.7 0% | 100% 0%
2. 36.6 0.2 38.4 -17.7 | 1006 | 0% 0% 58.8
Low Temperature Floor Panel
1 15.9 0.6 20.9 0% | 100% 0%
2 15.9 0.5 20.5 0% | 100% 0%
3 2 37.6 0.2 39.0 -18.6 | 10006 | 0% 0% 64.7
Note: "--" indicates no impact because all purchases are at or abayiee¢helr SL in the base case.

Table V.18 Summary LCC and PBP Results for Display Doorsger unit, Weighted Across

All Sizes)
Ener Life-Cycle Cost20133% Life-Cycle Cost SavingR013$ Median
TSL Consumgg{cion Installed Discour]ted Average Consumers that Experience Plfgr??gk
kWh/yr Cost Opgratmg LCC Savings | Net Cost No Net_ years
ost Impact | Benefit
Medium Temperature Display Door
572 1,228 62.8 1,782 460 0% 30% 69% 2.4
466 1,480 51.8 1,936 143 41% 0% 59% 7.3
193 4,270 23.3 4,476 -2,396 | 100% 0% 0% 39.5
Low Temperature Display Door
2142 2,626 235 4,698 976 4% 0.00 96% 4.2
1578 3,071 177 4,629 902 10% 0.00 90% 5.4
1277 4,331 145 5,611 -79 5% 0.00 41% 9.6
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Table V.19 Summary LCC and PBP Results for NorDisplay Doors per unit, Weighted
Across All Sizes)

Life-Cycle Cost20133$ Life-Cycle Cost Saving2013$ .
)
TSL | Consumption : Installed Cost Period
kWhiyr Installed %lscour_ned Installed | Average years
Cost perating |~ cost | savings| Net No Net
Cost Cost | Impact | Benefit
Medium Temperature Passage Door
0 868 156 1,827 0% 100% 0%
0 868 152 1,803 0% 100% 0%
1193 2,299 531 5,315 -2000 | 100% 0 0% 30.8
Low Temperature Passage Door
0 2,053 552 5,449 0% 100% 0%
0 2,053 531 5,315 0% 100% 0%
4099 4,590 443 7,313 -1,998 | 100% 0% 0% 30.7
Medium Temperature Freight Door
1 0 1,750 230 3,164 0% 100% 0%
0 1,750 224 3,126 0% 100% 0%
175 4,577 198 5,795 -2,668 | 100% 0% 0% 1155
Low Temperature Freight Door
1 0 1,945 861 7,239 0% 100% 0%
2 0 1,945 826 7,023 0% 100% 0%
3 6350 4,617 678 8,784 -1,761 | 100% 0% 0% 19.1
Note:"---" indicates no impact because all purchases are at or above the given TSL in the base case.

b. CustomeiSubgroup Analysis
As described in sectidV.l, DOE estimated the impact of potential amended efficiency

standards fowalk-ins for therepresentativeustomer subgrouull-service restaurants.
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TableV.20andTableV.21 presents the comparison of mean LCC savings for the
subgroup with the valuder all WICF customersFor all TSLs in all equipment classes, the LCC
savings fotthis subgroup areot significantly different, less than 10 percent highan the
national average valueshe equipment clagbatshows the mossubstantiathange is DD.Lit
showsdecrease in LCC savingghencompared to national average valu@Shapter 11 of the
final rule TSD presents the percentage change in LCC savings compared to national average

values.)

Table V.20 Subgroup Mean Life-Cycle Cost Savings for WICF Refrigeration Systems
(2013%)

Equipment Class Group TSL1 TSL 2 TSL 3
DC.L.I FuII—servi_ce Restaurants 2157 2157 2078

o All Business Types 2096 2096 2020

DC.LO FuII-servige Restaurants 6463 6463 5942

T All Business Types 2096 2096 2020
DC.M.I FuII-servipe Restaurants 1485 1485 5942

T All Business Types 1445 1445 5793
DC.M.O FuII—servi_ce Restaurants 6382 6382 6533

C All Business Types 6244 6244 6386

*Multiplex refrigeration systems are not typically usagsmall restaurants.

Table V.21 Subgroup Median Life -Cycle Cost Savings for WICF Envelope Components
(Panels and Doors) (203$)

Equipment Class \ Group TSL1 TSL2 TSL3
SPM FuII-serV|F:e Restaurants -23
All Business Types 21
SpL Full-service Restaurants -20
All Business Types -18
EP.L Full-service Restaurants 21
All Business Types -19

DD.M Full-service Restaurants 434 107 -2612

All Business Types 460 143 -2396

DD.L Full-service Restaurants 873 761 -306
All Business Types 976 902 -79
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PDM FuII—serV|F:e Restaurants
All Business Types

PD.L Full-service Restaurants 2157

All Business Types -1998

FDM Full-service Restaurants -2844

All Business Types -2668

Full-service Restaurants -1930

FoL All Business Types 1761

Note: Dashes represent components at baseline efficiency and therefore do not have a paybadkimpbeeeosiin
parentheses indicate negative values.

Table V.22 Subgroup Median Payback Period for WICF Refrigeration Systems (Years)

Equipment Group TSL1 TSL2 TSL3
Class

DC.L.I FuII—servi_ce Restaurants 1.7 1.7 1.6
o All Business Types 1.6 1.6 1.6
DC.LO Full-service Restaurants 1.0 1.0 3.5
T All Business Types 1.0 1.0 1.0
DC.M.| Full-service Restaurants 2.8 2.8 3.5
o All Business Types 2.7 2.7 2.7
DC.M.O FuII-serviF:e Restaurants 1.1 1.1 2.2
All BusinessTypes 1.1 1.1 1.1

*Multiplex refrigeration systems are not typically used in small restaurants.

Table V.23 Subgroup Median Payback Period for WICF Envelope Components (Panels
and Doors) (Years)

Equipment Group TSL1 TSL2 TSL3
Class

SP.M Full-service Restaurants 253.1
All Business Types 238.6
SPL Full-service Restaurants 62.4
' All Business Types 58.8
Ep.L Full-service Restaurants 68.7
All Business Types 64.7
DD.M Full-service Restaurants 25 7.3 39.9
All Business Types 2.4 7.3 39.5

BD.L Full-service Restaurants 4.3 55 9.7

All Business Types 4.2 5.4 9.6

PD.M Full-service Restaurants
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All Business Types
PD.L Full-service Restaurants 31.3
All Business Types 30.7
FD.M Full-service Restaurants 117.8
All Business Types 115.5
Full-service Restaurants 19.5
FbL All Business Types 19.1

Note: Dashes represettmponents at baseline efficiency and therefore do not have a payback period.

c. Rebuttable Presumption Payback

As discussed in sectid.G.12, EPCAprovides a rebuttable presumption that a given
standard is economically justified if the increased purchaseteguipmenthat meets the
standard is less than three times the value of theybest energy savings resulting from the
standard. HoweveDOE routinely conducts a full economic analysis that considers the full
range of impacts, including those to the customer, manufacturer, Nation, and environment, as
required under 42 U.S.C. 6295(0)(2)(B)(i) and 42 U.$316(a) The results of this analis
serve as the basis for DOE to evaluate definitively the economic justification for a potential
standard level (thereby supporting or rebutting the results of any preliminary determination of
economic justification). Therefore, if the rebuttable presiongs not met, DOE may justify its
standard on another basiBableV.24 shows the rebuttable payback periods analysis for each

equipment clasateach TSL
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Table V.24 Summary of Results for Walk-in Coolers and Freezers TSLs: Rebuttable
Payback Period

Median Payback Period
years
Equipment Class TSL1 TSL 2 TSL 3
DC.L.I 1.7 1.6 1.6
DC.L.O 1.0 3.4 3.4
DC.M.I 2.7 3.4 3.4
DC.M.O 1.1 2.1 2.1
MC.L 2.7 3.1 3.1
MC.M 3.1 3.1 3.1
SP.M 234.6
SP.L --- --- 58.4
FP.L 63.5
DD.M 2.4 7.5 39.3
DD.L 4.7 5.4 9.4
PD.M --- --- ---
PD.L 31.0
FD.M --- --- 113.4
FD.L --- --- 19.3

2. Economic Impacts on Manufacturers
DOE performed a manufacturer impact analysis (MIA) to estimate the impact of
new energy conservation standards on manufacturers ofinvadioler and freezer
refrigeration, panels, and doors. The section below describexfiected impacts on
manufacturers at each considered TSL. Chapter 12 of the TSD explains the analysis in

further detail.
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a. Industry Caskrlow Analysis Results
TableV.25throughTableV.27 depict the financial impacts on manufacturers and the
conversion csts DOE estimates manufacturers would incur at each TSL. The financial impacts

on manufacturers are represented by changes in industry net present value (INPV).

The impact of energy efficiency standards were analyzed under two markup scenarios:
(1) thepreservation of gross margin percentage and (2) the preservation of operating profit. As
discussed in sectidi.K.2.b, DOE considered the preservation of grossgngpercentage
scenari o by applying a uniform figross margin
As production cost increases with efficiency, this scenario implies that the absolute dollar
markup will increase. DOE assumed the nonproductishroarku@ which includes SG&A
expenses; research and development expenses; interest; and profit to be 1.32 for panels, 1.50 for
solid doors, 1.62 for display doors, and 1.35 for refrigeration. These markups are consistent with
the ones DOE assumed in thegmeering analysis and the base case of the GRIM.
Manufacturers have indicated that it is optimistic to assume that as their production costs
increase in response to an efficiency standard, they would be able to maintain the same gross
margin percentage ankup. Therefore, DOE assumes that this scenario represents a high bound

to industry profitability under an energynservation standard.

The preservation of earnings before interest and taxes (EBIT) scenario reflects
manufacturer concerns about thembility to maintain their margins as manufacturing
production costs increase to reach mstrengent efficiency levels. In this scenario, while

manufacturers make the necessary investments required to convert their facilities to produce new
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standardsomplant equipment, operating profit does not change in absolute dollars and

decreases as a percentage of revenue.

Each of the modeled scenarios results in a unique set of cash flows and corresponding
industry values at each TSL. In the following discussiba INPV results refer to the difference
in industry value between the base case and each standards case that result from the sum of
discounted cash flows from the base year32@tough 204, the end of the analysis period. To
provide perspective on tislortrun cash flow impact, DOE includes in the discussion of the
results a comparison of free cash flow between the base case and the standards case at each TSL

in the year before new standards take effect.
TableV.25throughTableV.27 showthe MIA results for each TSL using the
markup scenarios described above for WICF panel, door and refrigeration manufacturers,

respectively

Table V.25 Manufacturer Impact Analysis Results for WICF Panels

. Base Trial Standard Level

Units Case 1 5 3

INPV 2012 $M 381.94 381.94 381.94 381.94
Change in INPV 2012 $M - 0 0 0
% - 0 0 0
Capital Conversion 2012 $M 0 0 0
Costs - - - -
Product Conversion 2012 $M 0 0 0
Costs - - -
Total Investment 0 0 0
Required 2012 $M - - - -

Table V.26 Manufacturer Impact Analysis Results for WICF Doors
\ | units | Base | Trial Standard Level
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Case 1 2 3

475.67 to 457.34 to 403.13to
INPV 20123M | 45485 506.50 545.60 1061.78
Change in INPV 2012 $M - -9.19-to 21.64 | -27.51t0 60.7 '8517'67 ?ét;

% - -1.89 to 446 -567t012.3 -1686t0118.9

Capital Conversion
Costs 2012 $M - 0.04 0.15 2.39
Product Conversion
Costs 2012 $M - 0.13 0.22 0.40
Total Investment
Required 2012 $M - 0.18 0.37 2.79

Table V.27 Manufacturer Impact Analysis Results for WICF Refrigeration Systems

. Base Trial Standard Level
Units Case 1 > 3
404.15 to 398.99to0 398.99to

INPV 20123M | 40437 434.60 443.82 443.82
Change in INPV 2012 $M - -20.2t010.24 | -25.38t019.46 | -25.38t0 19.46

(%) - -4.76 t0 2.41 -5.98 to 4.59 -5.98 to 4.59
Capital Conversion
Costs 2012 M - 13.18 14.50 14.50
Product Conversion
Costs 2012 $M - 15.55 18.74 18.74
Total Investment
Required 2012 $M - 28.73 33.23 33.23

Walk-in Cooler and Freezer Panel MIA Results

At all TSLs, the evaluated efficiency levels foalk-in panel equipment classes are at
baseline. Baseline represents the least efficient products that can legally be purchased on the
market today. To meet a baseline standard, 4vaglanel manufacturers should not have to
integrate any new technologiesdesign options into existing operations. As a result, capital
conversion costs and product conversion costs are expected to be zero. At TSL 1 through TSL 3,
INPV remains the same as in the base case. There is no change from the base case value of

$381.91 million.

Walk-in Cooler and Freezer Door MIA Results
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For TSL 1, DOE models the change in INPV for doors to range 819 million to
$21.64 million, or a change in INPV €f.89 percent to 4.46 percent. At this standard level, door
industry freecash flow is estimated to decrease by as much as $0.06 million, or 0.15 percent

compared to the base case value of $37.49 million in the year before the compliance date.

At TSL 2, DOE estimates the impacts on door INPV to range f2%.51 million to
$60.74 million, or a change in INPV &5.67 percent to 12.53 percent. At this level, door
industry free cash flow is estimated to decrease by $0.13 million in the year before the
compliance year, or 0.33 percent compared to the base case value of $3ibA9mikie year

before the compliance date.

At TSL 3, DOE estimates the impacts on door INPV to range {8inY3 to 576.92, or a
change in INPV 0f16.86 percent to 118.99percent. At this level, door industry free cash flow is
estimated to decrease by.@7 million in the year before the compliance year, or 2.86 percent

compared to the base case value of $37.49 million in the year before the compliance date.

Walk-in Cooler and Freezer Refrigeration MIA Results

At TSL 1, DOE estimates impacts on reéigtion INPV to range fror$20.22 million to
$10.24 million, or a change in INPV e£.76 percent to 2.41 percent. At this level, refrigeration
industry free cash flow is estimated to decrease by as much as $9.53 million, or 26.47 percent

compared to thbasecase value of $36.02 million in 2016, the year before the compliance year.
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At TSL 2 and TSL 3, DOE estimates impacts on refrigeration INPV to range-from
$25.38 million to $19.46 million, or a change in INPV-6f98 percent to 4.59 percent. tAts
level, refrigeration industry free cash flow is estimated to decrease by as much as $10.93 million,
or 30.35 percent compared to the bease value of $36.02 million in the year before the

compliance date.

b. Impacts orDirect Employment

Methodology

To quantitatively assess the impacts of energy conservation standards on employment,
DOE used the GRIM to estimate the domestic labor expenditures and number of employees in
the base case and at each TSL fronB328fGough 204. DOE used statistical data fnothe U.S.
Census B @lrAenaal Suvey af Manufacturers (ASMhe results of the engineering
analysis, and interviews with manufacturers to determine the inputs necessary to calculate
industrywide labor expenditures and domestic employment lekalsor expenditures related to
manufacturing of the product are a function of the labor intensity of the product, the sales
volume, and an assumption that wages remain fixed in real terms over time. The total labor
expenditures in each year are calculdtgdnultiplying the MPCs by the labor percentage of

MPCs.

The total labor expenditures in the GRIM were then converted to domestic production
employment levels by dividing production labor expenditures by the annual payment per
production worker (produain worker hoursnultiplied bythe labor rate found in the U.S.

Census BOl¥ASHk.uMbesestimates of production workers in this section cover workers,
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including linesupervisors who are directly involved in fabricating and assembling a

product withinthe OEM facility. Workers performing services that are closely associated

with production operations, such as materials handling tasks using forklifts, are also
included as production | abor. DOEOGsSs esti mates
manufactire the specific products covered by this rulemakKimmgfurther establish a

lower bound to negative impacts on employment, DOE reviewed design options,

conversion costs, and market share information to determine the maximum number of

manufacturers that vatd leave the industry at each TSL.

In evaluating the impact of energy efficiency standards on employment, DOE performed
separate analyses on all three wiallkcomponent manufacturer industries: panels, doors and

refrigeration systems.

Using the GRIMDOE estimates in the absence of new energy conservation standards,
there would be 2,878 domestic production workers for swalkanels,1,302domestic
production workers for walkn doors, andt15domestic production workers for wailik

refrigeration systas in 2017.

TableV.28, TableV.29, andTableV.30 show the range of the impacts of energy
conservation standards on U.S. production workers in the panel, door, and refrigeration
system markets, respectiveRAdditional detail on the analysis of direct employment can

be found in chapter 1&f the TSD.
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Table V.28 Potential Changes in the Total Number of Domestic Production Workers in 2@for

Panels

TSL

1

2

3

Potential Changes in
Domestic Production
Workers 2017

(from a base case
employment oR,878)

0toO

0to0

0 toO

Table V.29 Potential Changes in the Total Number of Domestic Production Workers in

2017 for Doors

TSL 1 2 3
Potential Changes in
Domestic Production 13210
Workers 2017 Oto101 | Oto 200

1,304
(from a basease
employment of 1,318)

Table V.30 Potential Changes in the Total Number of Domestic Production Workers in 2@ifor
Refrigeration Systems

TSL 1 2 3

Potential Changes in
Domestic Production
Workers 2017

(from a base case
employment of 424)

-641to0
56

-161to
88

-161to
88

The employment impacts shownTableV.28 throughTableV.30represent the
potential production employment changes that cowddltéollowing the compliance date of
t o d &ne@sconservation standards. The upper end of the results in the table estimates the
maximum increase in the number of production workers after the implementation of new energy
conservation standards andssames that manufacturers would continue to produce the same
scope of covered products within the United States. The lower end of theepnggents the
maximum decrease tbe total number of U.S. production workers in the indudiig to

manufacturergeaving the industry. However, in the lengn, DOE would expect the
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manufacturers that do not leave the industry to add employees to cover lost capacity and to meet
market demand. Please note that DOE does not propose any increase in energy conservation
standards for Walin Panels, medium and low temperature solid doors, therefore there would

likely be no significant change in employment in these industries.

The employment impacts shown are independent of the employment impacts from
the broader U.S. ecomy, which are documented in the Employment Impact Analysis,

chapter 13 of the TSD.

c. Impacts on Manufacturing Capacity

Panels

Manufacturers indicated that design options that necessitate thicker panels could lead to
longer production times for panels.deneral, every additional inch of foam increases panel cure
times by roughly 20 minuted standard that necessitateg6h thick panels for any of the panel
equipment clags would require manufacturers to add equipment to maintain throughput due to
longer curing times or to purchase all new tool
current equipment cannot accommodatadh panelsGiven that the only efficiency level
considered for panels in todayoasyclmogesice i s ba

production techniques or new capacity constra

Doors
Display door manufacturers did not identify any design options which would lead to

capacity constraints. However, manufacturers commented orediffes between the two types
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of low-emittance coatima nal yzed: hard | owcemitb)antbdecbatset
option, and soft | @ewaemi)tt dmee cooatispagpatdi sgf td
is applied to the glass pane at high penatures during the formation of the pane and is

extremely durable, while sefioat is applied in a separate step after the glass pane is formed and

is less durable than hard low emittance coating but has better performance characteristics.
Manufacturersndicated that softoat is significantly more difficult to work with and may

require new conveyor equipment. As manufacturers adjust to working witbcsdftionger lead

times may occur.

The production of solid doors is very similar to the produatibpanels Similar to
panels, DOE is only considering the baseline efficiency level for passage and freight doors. The
Department does not expe@apacity challenge®r the production of solid doors as a result of

todayods rul e.

Refrigeration

DOE did rot identify any significant capacity constraints for the design options being
evaluated for this rulemaking. For most refrigeration manufacturers, thamwallirket makes
up a relatively small percentage of their overall revenues. Additionally, most dégign
options being evaluated are available as product options today. As a result, the industry should

not experience capacity constraints directly resulting from an energy conservation standard.

211



d. Impacts on Small Manufacturer S@roup

As discussed isection IV.1.1, using average cost assumptions to develop an industry
cashflow estimate may not be adequate for assessing differential impacts among manufacturer
subgroups. Small manufacturers, niche equipment manufacturers, and manufacturers exhibiting
a cost structure substantially different from the industry average could be affected
disproportionately. DOE used the results of the industry characterization to group manufacturers

exhibiting similar characteristics. Consequently, DOE analyzes smallfacéumers as a sub

group.

DOE evaluated the impact of new energy conservation standards on small manufacturers,
specifically ones defined as fAsmall busi nesse
as having 750 employees or less for NAICS 3334, -CGorditianing and Warm Air Heating
Equi pment and Commerci al and I ndustrial Ref ri
this definition, DOE identifiedwo refrigeration system manufacturefsty-two panel
manufacturers, aniive door manufaturers in the WICF industry that are small businesses. DOE
describes the differential 1 mpacts on these s

Review Under the Regulatory Flexibility Act.

e. Cumulative Regulatory Burden

While any one regulatiomay not impose a significant burden on manufacturers, the
combined effects of several impending regulations may have serious consequences for some
manufacturers, groups of manufacturers, or an entire industry. Assessing the impact of a single

regulation nay overlook this cumulative regulatory burden. Multiple regulations affecting the
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same manufacturer can strain profits and can lead companies to abandon product lines or markets
with lower expected future returns than competing products. For these rda@&nspnducts an
analysis of cumulative regulatory burden as part of its rulemakings pertaining to apphance

equipmentefficiency.

For the cumulative regulatory burden analysis, DOE looks at other regulations that could
affect walk in cooler and freer manufacturers that will take effect approximately 3 years before
or after the compliance date of new energy conservation standards for these products. In addition
to the new energy conservation regulations on swakseveral other Federal regulatiapply
to these products and other equipment produced by the same manufacturers. While the
cumulative regulatory burden focuses on the impacts on manufacturers of other Federal
requirements, DOE also describes a number of other regulations in $4d8drecause it

recognizes that these regulations also impact the products covered by this rulemaking.

Companies that produce a wide range of regulated products may be faced with more
capital and product development expenditures than competitors with a narrower scope of
products. Regulatory burdens can prompt companies to exit the market or reduce dieir pro
offerings, potentially reducing competition. Smaller companies in particular can be affected by
regulatory costs since these companies have lower sales volumes over which they can amortize
the costs of meeting new regulations. DOE discusses belawgbhkatory burdens
manufacturers could experience, mainly, DOE regulations for other products or equipment
produced by wakin manufacturers and other Federal requirements including the United States

Clean Air Act, the Energy Independence and SecurityofA2007. While this analysis focuses
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on the impacts on manufacturers of other Federal requirements, in this section DOE also

describes a number of other regulations that could also impact the WICF equipment covered by
this rulemaking: potential climate amge and greenhouse gas legislation, State conservation
standards, and food safety regulations. DOE discusses these and other requirements, and includes

the full details of the cumulative regulatory burden, in chapter 12 dirnthlerule TSD.

DOE Requlatns for Other Products Produced\WWalk-In Cooler and Freezer

Manufacturers

In addition to the new energy conservation standards on walk in cooler and freezer
equipment, several other Federal regulations apply to other products produced by the same
manufe t ur er s. DOE recognizes that each regul ati
financial operations. Multiple regulations affecting the same manufacturer can strain
manufacturerso profits and possi bl ganerregys e an
conservation standard rulemaking for commercial refrigeration equipment and cannot include the
costs of this rulemaking in its cumulative analysis because the rulemaking is not yet complete

and no cost estimates are available

Federal Clearir Act

The Clean Air Act defines the EPA's responsibilities for protecting and improving the
nation's air quality and the stratospheric ozone layer. The most significant of these additional
regulations is th&PA-mandateghaseout of hydrochlorofluoroadons (HCFCs). The Act
requires that, on a quarterly basis, any person who produced, imported, or exported certain

substances, including HCFC refrigerants, report the amount produced, imported and exported.
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Additionallyd effective January 1, 20®5selling, manufacturing, and using any such substance
is banned unless such substance (1) has been used, recovered, and recycled; (2) is used and
entirely consumed in the production of other chemicals; or (3) is used as a refrigerant in
appliances manufactured primrJanuary 1, 2020. Finally, production phasgs will continue

until January 1, 2030 when such production will be illegal. These bans could trigger design
changes to natural or low global warming potential refrigerants and could impact the insulation

usal in equipmentovered by this rulemaking.

State Conservation Standards

Since 2004, the State of California has had established energy standards-ior walk
coolers and freezers. Californiads Code of Re
requirenents for insulation levels, motor types, and use of automatieatiosers used for WICF
applications. These requirements have since been amended and mirror those standards that
Congress prescribed as part of EISA 2007. Other States, notably, Connbtargland, and
Oregon, have recently established energy efficiency standards femsdlkat are also identical
to the ones contained in EPCA. These standards would not be preempted until any Federal
standards that DOE may adopt take effect. See 42 U6816(h)(2)Once DOEOGSs st anda
finalized, all other State standards that are in effect would bermppted. As a resultheseState
standards do not poseyaregulatory burden above that which has already been established in

EPCA.

Food Safetystandards
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Manufacturers expressed concern regarding Federal, &tatéocal food safety
regulations. A walkn must perform to the standards set by NSF, state, coantiycity health
regulations. There is general concern among manufacturers abouttcunfegulation
scenarios as new energy conservation standards may potentially prevent or make it more difficult

for them to comply with food safety regulations.

3. National Impact Analysis
a. Energy Savings
DOE estimated the NES by calculating the diffeeeimcannual energy consumption for
the basecase scenario and standacdse scenario at each TSL for each equipment class and
summing up the annual energy saviogsr the lifetime o&ll equipment purchased 2017

2046

TableV.31 presents therimaryNES (taking into account losses in the generation and
transmission of electricityfpr all equipment classes and the sum total of NES for each TSL
TableV.32 presents estimated FFC energy savings for each considered TSL. TRE@RES

progressively increases frodb06quads at TSL 1 t8.883quads at TSI3.

Table V.31 Cumulative National Primary Energy Savings inQuads

TSL1 TSL 2 TSL 3
DC.L.I 0.030 0.035 0.035
DC.L.O 0.832 1.077 1.077
DC.M.I 0.069 0.069 0.069
DC.M.O 1.028 1.279 1.279
MC.L.N 0.016 0.016 0.016
MC.M 0.046 0.046 0.046
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SP.M 0.000 0.000 0.044
SP.L 0.000 0.000 0.064
FP.L 0.000 0.000 0.017
DD.M 0.329 0.423 0.643
DD.L 0.116 0.154 0.174
PD.M 0.000 0.000 0.076
PD.L 0.000 0.000 0.245
FD.M 0.000 0.000 0.009
FD.L 0.000 0.000 0.027
Total 2.466 3.099 3.821

*For DC refrigeration systems, results include all capacity ranges.

Table V.32 Cumulative National Full-Fuel Cycle Energy Savings in Quads

TSL1 TSL 2 TSL 3

DC.L.I 0.031 0.036 0.036
DC.L.O 0.846 1.094 1.094
DC.M.I 0.070 0.070 0.070
DC.M.O 1.045 1.300 1.300
MC.L.N 0.016 0.017 0.017
MC.M 0.046 0.046 0.046
SP.M 0.000 0.000 0.045
SP.L 0.000 0.000 0.065
FP.L 0.000 0.000 0.018
DD.M 0.334 0.429 0.653
DD.L 0.118 0.157 0.177
PD.M 0.000 0.000 0.077
PD.L 0.000 0.000 0.249
FD.M 0.000 0.000 0.009
FD.L 0.000 0.000 0.027
Total 2.506 3.149 3.883

Circular A4 requires agencies to present analytical results, including separate schedules
of the monetized benefits and costs that show the type and timing of benefits and costs. Circular
A-4 also directs agencies to consider the variability of key elsnugerlying the estimates of

benefits and costd-or this rulemaking, DOE undertook a sensitivity analysis using ratteer
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than 30 years ofequipmenshipmentsThe choice of a§ear period is a proxy for the timeline

in EPCA for the review ofertain energy conservation standards and potential revision of and
compliance with such revised standaftifhe review timeframe established in EPGA
generallynot synchronizeavith theequipmentifetime, equipmenmanufacturing cycles or

other factorspecific towalk-in coolers and waklin freezersThus, this information is presented
for informational purposes only and is not
methodology. The@rimary and fulifuel cycleNES results based on ay@ar analys period are
presented iTableV.33andTableV.34, respectivelyThe impacs are counted over the lifetime

of equipmenpurchased 2017 2025

Table V.33 Cumulative National Primary Energy Savings for Qyear Analysis Period
(Equipment Purchased in 201v2025)

TSL1 TSL 2 TSL 3
DC.L.I 0.0 0.0 0.0
DC.L.O 0.2 0.3 0.3
DC.M.I 0.0 0.0 0.0
DC.M.O 0.3 0.3 0.3
MC.L.N 0.0 0.0 0.0
MC.M 0.0 0.0 0.0
SP.M 0.0 0.0 0.0
SP.L 0.0 0.0 0.0
FP.L 0.0 0.0 0.0
DD.M 0.1 0.1 0.2

% Section 325(m) oEPCA requires DOE to review its standards at least once every 6 years, and requires, for
certain products, a-gear period after any new standard is promulgated before complgreguired, except that in

no case may any new standards be required within 6 years of the compliance date of the previous ¥tandards
adding a éyear review to the-year compliance pericaddsto 9 years, DOE notes that it may undertake reviews at
any time within the 6year period, and that the 3 year compliance dateyiedq to the 6year backstopA 9-year

analysis period may not be appropriate given the variability that occurs in the timing of standards reviews and the
fact that, for some consumproducts, the compliangeeriodis 5 years rather than 3 years.
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DD.L 0.0 0.0 0.1
PD.M 0.0 0.0 0.0
PD.L 0.0 0.0 0.1
FD.M 0.0 0.0 0.0
FD.L 0.0 0.0 0.0
Total 0.6 0.8 1.1

Table V.34 Cumulative Full Fuel Cycle National Energy Savings for 9ear Analysis Period
(Equipment Purchased in 20172025)

TSL1 TSL 2 TSL 3
DC.L.I 0.0 0.0 0.0
DC.L.O 0.2 0.3 0.3
DC.M.I 0.0 0.0 0.0
DC.M.O 0.3 0.3 0.3
MC.L.N 0.0 0.0 0.0
MC.M 0.0 0.0 0.0
SP.M 0.0 0.0 0.0
SP.L 0.0 0.0 0.0
FP.L 0.0 0.0 0.0
DD.M 0.1 0.1 0.2
DD.L 0.0 0.0 0.1
PD.M 0.0 0.0 0.0
PD.L 0.0 0.0 0.1
FD.M 0.0 0.0 0.0
FD.L 0.0 0.0 0.0
Total 0.7 0.8 1.1

b. Net Present Value of Customer Costs and Benefits

DOE estimated the cumulative NPV to the Nation ofrteesavings folWICF customers
that would result from potential standards at each TSL. In accordance with OMB guidelines on
regulatory analysis (OMB Circular-A, section E, September 17, 2003), DOE calculated NPV

using both a -percent and a-Bercent real discount rate.
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TableV.35andTableV.36 show the customer NPV results for each of the TSLEDO
considered fowalk-in coolers and walin freezersat 7-percent and-percent discount rates

respectivelyThe impacts cover the expected lifetime of equipment purchagéd h2046

Efficiency levels for TSL 3 were chosen to represent the maxiteahmology for both
refrigeration equipment, and envelope components, asse®tRV results at agercent
discount ratare mixed, they ar@egative forall envelope componerguipment classewhile
positive for refrigeration systemg&SL 2 were chgen to correspond to the highest efficiency
level with a positive NPV at a-@ercent discount rate for each equipment clélss.criterion for
TSL 1 was to select efficiency levels with the highest NPV afp@rtent discount rate.
Consequently, the totdlPV is highest for TSLL. TSL 2 shows the second highest total NPV at

a 7-percent discount rate.

Table V.35 Net Present Value inBillions (2013%) at a #percent Discount Ratefor Units
Sold in 20172046

TSL 1 TSL 2 TSL 3
DC.L.I 0.1 0.1 0.1
DC.L.O 2.2 1.0 1.0
DC.M.I 0.1 0.1 0.1
DC.M.O 2.8 2.5 2.5
MC.L.N 0.0 0.0 0.0
MC.M 0.1 0.1 0.1
SP.M 0.0 0.0 -18.9
SP.L 0.0 0.0 -6.6
FP.L 0.0 0.0 -2.0
DD.M 0.7 0.0 -10.0
DD.L 0.1 0.1 -0.2
PD.M 0.0 0.0 -5.1
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PD.L 0.0 0.0 -4.1

FD.M 0.0 0.0 -0.6

FD.L 0.0 0.0 -0.2
Total 6.24 3.98 -43.92

*For DC refrigeration systems, results inclualecapacity ranges.

Table V.36 Net Present Value inBillions (2013%) at a 3percent Discount Ratefor Units
Sold in 20172046

TSL1 TSL 2 TSL 3
DC.L.I 0.2 0.1 0.1
DC.L.O 4.8 2.8 2.8
DC.M.I 0.3 0.3 0.3
DC.M.O 5.9 5.5 5.5
MC.L.N 0.1 0.1 0.1
MC.M 0.2 0.2 0.2
SP.M 0.0 0.0 -33.2
SP.L 0.0 0.0 -11.6
FP.L 0.0 0.0 -3.5
DD.M 1.6 0.5 -17.1
DD.L 0.3 0.3 -0.2
PD.M 0.0 0.0 -8.9
PD.L 0.0 0.0 -7.0
FD.M 0.0 0.0 -1.1
FD.L 0.0 0.0 -0.4
Total 13.38 9.90 -73.93

*For DC refrigeration systems, results inclualecapacity ranges.

The NPV results based on the aforementiongd&@ analysis period are presented in
TableV.37 andTableV.38. The impacts are counted over the lifetimeghipmenpurchased in
2017 2025. As mentioned previously, this information is presented for informational purposes

only and is not indicat i vmethaddlogyeondgcisiorhcaterig.e i n D

Table V.37 Net Present Value in Millions (2013$) at a-percent Discount Ratefor Units
Sold in 20172025

| TsL1 | TSL2 | TSL3 |
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DC.L.I 0.0 0.0 0.0
DC.L.O 1.0 0.4 0.4
DC.M.I 0.1 0.1 0.1
DC.M.O 1.3 11 1.1
MC.L.N 0.0 0.0 0.0
MC.M 0.0 0.0 0.0
SP.M 0.0 0.0 -9.1
SP.L 0.0 0.0 -3.2
FP.L 0.0 0.0 -1.0
DD.M 0.2 -0.1 -5.1
DD.L 0.0 0.0 -0.2
PD.M 0.0 0.0 -2.5
PD.L 0.0 0.0 -2.0
FD.M 0.0 0.0 -0.3
FD.L 0.0 0.0 -0.1
Total 2.7 1.6 -21.7

Table V.38 Net Present Value in Millions (2013$) at a-percent Discount Ratefor Units
Sold in 20172025

TSL1 TSL 2 TSL 3
DC.L.I 0.0 0.0 0.0
DC.L.O 1.5 0.8 0.8
DC.M.I 0.1 0.1 0.1
DC.M.O 2.0 1.8 1.8
MC.L.N 0.0 0.0 0.0
MC.M 0.1 0.1 0.1
SP.M 0.0 0.0 -11.7
SP.L 0.0 0.0 -4.0
FP.L 0.0 0.0 -1.2
DD.M 0.5 0.1 -6.2
DD.L 0.1 0.1 -0.1
PD.M 0.0 0.0 -3.1
PD.L 0.0 0.0 -2.5
FD.M 0.0 0.0 -0.4
FD.L 0.0 0.0 -0.2
Total 4.4 3.0 -26.5
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c. IndirectEmployment Impacts

In addition to the direct impacts on manufacturing employment discussed in section
V.B.2, DOE develops general estimates ofititBrect employment impacts afmended
standards on the economy. As discussed above, DOE expects energy amended conservation
standards fowalk-in coolers and wakn freezerdo reduce energy bills for commercial
customers, and the resulting net savirgld redirected to other forms of economic activity.
DOE also realizes that these shifts in spending and economic activitglkyn owners could
affect the demand for labor. Thus, indirect employment impacts may result from expenditures
shifting betweemgoods (the substitution effect) and changes in income and overall expenditure
levels (the income effect) that occur due to the imposition of amended standards. These impacts
may affect a variety of businesses not directly involved in the decision to opkate, or pay
the utility bills forwalk-in coolers and waklin freezersTo estimate these indirect economic
effects, DOE used an input/output model of the U.S. economy as described inIs&ktioh

this notice

Customers who purchase maficient equipment pay lower amounts towards utility
bills, which results in job losses in the electric utilities sector. Howavérginput/output
model,the dollars saved on utility bills are-investedn economic sectors that create more jobs
than are lost itheelectric utilities sector. Thus, the amended energy conservation standards for
walk-in coolers and wakin freezersare likely to slightly icrease the net demand for labor in the
economy. As shown iohapterl6 of the final rule TSDDOE estimates that net indirect
employment impacts frommendedvalk-in standard arevery small relative to the national

economy.The net increase in jobs mighe offset by other, unanticipated effects on
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employment. Neither the BLS data nor the input/output model used by DOE includes the quality

of jobs.

4. Impact on Utility or Performance of Equipment
In performing the engineering analysis, DOE considers degigions that would not
lessen the utility or performance of the individual classes of equipment. (42 U.S.C.
6295(0)(2)(B)(i)(IV) and6316(a) As presented in the screening analysis (chapter 4 dihtide
rule TSD), DOE eliminates from consideration angige options that reduce the utility of the
equipment. Fot o d a y 0 s, DIOE ecolcluded that n@ne of the efficiency levesssidered
for walk-in coolers and waklin freezersvould reduce the utility or performance of the

equipment.

5. Impact of AnyLessening of Competition
EPCA directs DOE to consider any lessening of competition that is likely to result from

standards. It also directs the Attorney General of the United States (Attorney General) to
determine the impact, if any, of any lessening ahgetition likely to result from a proposed
standard and to transmit such determination to the Secretary within 60 days of the publication of
a direct final rule and simultaneously published proposed rule, together with an analysis of the
nature and extemtf the impact. (42 U.S.C. 6295(0)(2)(B)(i)(V) and (B)(ii)) To assist the
Attorney General in making a determination WSICF standards, DOE provided the Department

of Justice (DOJ) with copies of ttdOPR and the TSD for revie@n behalf of the Attorney

Gener al , the DOJO6s Anti trust Di vi sion concl ude
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(which are the same ones being adopted in tod

adverse impact on competition.

6. Need of the Nation to Conserve Energy
An i mprovement in the energy ef finalguesncy of
l' i kely to i mprove the security of the Nationo
energy. Reduced electricity demand may also improve the reliability eféb&icity system.
Reductions in national electric generating capacity estimated for each considered TSL are

reported in chaptet4 of thefinal rule TSD.

Energy savings from amended standardsvialk-in coolers and walln freezer<ould
also producenvironmental benefits in the form of reduced emissions of air pollutants and GHGs

associated with electricity production.

TableV.72pr ovi des DOEOGs estimate of cumul ati ve
result from the TSLs considered in this rul@e table includes both power sector emissions and
upstream emissionBOE reports annual emissions reductions for each TSL in cheptdithe

final rule TSD.
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Table V.39 Cumulative Emissions Reduction Estiméd for Walk -in Coolers and Walk-in
Freezers TSLs for Equipment Purchased in 2012046

TSL
1 \ 2 \ 3
Power Sector Emissions
CO, (million metric tons) 118.9 149.5 184.0
SO, (thousand tons 180.7 227.1 279.8
NOy (thousand tons) 95.9 120.5 149.3
Hg (tons) 0.2 0.3 0.3
N»O (thousand tons 2.7 3.4 4.2
CH, (thousand ton)s 16.1 20.3 25.0
Upstream Emissions
CO;, (million metric tons) 7.7 9.7 12.0
SO, (thousand tons 1.7 2.1 2.6
NOx (thousand tons) 106.6 133.9 165.1
Hg (tons) 0.0 0.0 0.0
N,O (thousand tons 0.1 0.1 0.1
CH, (thousand ton)s 646.7 812.8 1001.8
Total FFC Emissions
CO;, (million metric tons) 126.7 159.2 196.0
SO, (thousand tons 182.4 229.2 282.4
NOx (thousand tons) 202.5 254.4 314.4
Hg (tons) 0.2 0.3 0.3
N,O (thousand tons 2.8 3.5 4.4
CH, (thousand ton)s 662.9 833.0 1026.8

As part of the analysis for thial rule, DOE estimated monetary benefits likely to
result from the reduced emissions of Gd NQ thatwereestimated for each of the TSLs
considered. As discussed in sectigrM, for CO,, DOE used values for the SCC developedby
Federainteragency pcessTheinteragency group selectéolr sets ofSCC valuedor use in
regulatory analyses. Three sets are based on the average SCC from three integrated assessment
models, at discount rate$ 2.5 percent3 percent, and 5 perceifihe fourthset which
represents the 85percentile SCC estimate across all three models aeac®nt discount rate, is
included to represent highthranexpected impacts from temperature change further out in the

tails of the SCC distributiarThe four SCC values for G@missions reductions in 2015,
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expressed i2013$, are $2.0, $40.5, $62.4, and $119 per metricdd&O,. The values for later
years are higher due to increasergissiongelated costas the magnitude @rojectedclimate

change increase

TableV .40 presents the global value of €émissions reductions at eat8L. DOE
calculated domestic values as a range from 7 percent to 23 pdrtengtobal values, and these

results argresented in chapted df thefinal rule TSD.

Table V.40 Global Present Value of CQ Emissions Reduction folWalk -in Coolers and
FreezersTSLs

SCC Scenario
5%
TSL discount . . 3% discount
rate, 3% discount | 2.5% discount rate, 95"
average rate, average | rate, average percentile
million 2013
Power SectorEmissions
1 894 3965 6255 12221
2 1124 4983 7861 15358
3 1379 6119 9655 18856
Upstream Emissions
1 56 252 399 778
2 70 316 501 977
3 86 389 616 1201
Total FFC Emissions
1 950 4217 6654 12999
2 1194 5299 8362 16336
3 1464 6507 10271 20057

DOE is well aware that scientific and economic knowledge about the contribution,of CO
and other GHG emissions to changes in the future global climate and the potential resulting

damages to the world economy continues to evolve rapidly. Thus, any value placedinalthis
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rule on reducing C@emissions is subject to chan@OE, together vth other Federal agencies,

will continue to review various methodologies for estimating the monetary value of reductions in

CO, and other GHG emissionsicluding HFCsThis ongoing review will consider the

comments on this subject that are part of tHdipwecord for thidinal ruleand other

rulemakings, as well as other methodological assumptions and issues. However, consistent with
DOEG6s | egal obligations, and taking into acco
issue, DOE has included thisfinal rulethe most recent values and analyses resulting from the

ongoing interagency review process.

DOE also estimated a range for the cumulative monetary value of the economic benefits
associated with NQemission reductions anticipated to réstdm amendeavalk-in standards.
Table V.42showsthe present value of cumulative Né@missions reductions for eatsL

calculated usinghe averagéollar-perton valuesand7-percent an@-percent discount rates.
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Table V.41 Cumulative Present Value of NQ Emissions Reductionfor Walk -in Coolers

and FreezersTSLs

TSL 3% discount 7% discount
rate rate
Million 2013%
Power Sector Emissions
1 138.1 70.0
2 173.5 88.0
3 213.6 108.3
Upstream Emissions
1 153.3 76.0
2 192.6 95.5
3 236.3 117.2
Total FFC Emissions
1 291.3 146.0
2 366.1 183.5
3 450.0 225.5

7. Summary of National Economic Impact

The NPV of the monetized benefits associated with emission reductions can be viewed as
a complement to the NPV of the customer savings calculated for each TSL considered in this
final rule. TableV.42 presend the NPV values that result from adding the estimates of the
potential economic benefits resulting from reduced &@ NQ emissions in each of four
valuation scenarios to the NPV aistomersavings calculated for each TSL, at boffy@ercent
anda 3-percent discount ratdhe CQ values used in the table correspond to the four scenarios

for the valuation of C@emission reductiondiscussed above
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Table V.42 Net Present Value of @istomer Savings Combined with Net Present Value of

Monetized Benefits from CG and NOx Emissions Reductions

Customer NPV at 3% Discount Rate added withValue of EmissionsBased on
SCC Value of SCC Value of SCC Value of SCC Value of
$12.0/metric ton $40.9metric ton $62.4/metric ton $119/metric ton
TSL CO*and CO, and CO, and CO, and
Medium Value Medium Value Medium Value Medium Value
for NO for NO for NO, for NO,
billion 2013
1 14.7 18.2 20.8 27.6
2 11.5 15.9 19.3 27.8
3 -71.9 -66.5 -62.4 -51.9
Customer NPV at 7% Discount Rate added withValue of Emissions Based an
SCC Value of SCC Value of SCC Value of SCC Value of
$12.0/metric ton $40.9metric ton $62.4/metric ton $119/metric ton
TSL CO, and CO, and CO, and CO, and
Medium Value Medium Value Medium Value Medium Value
for NO for NO for NO, for NO,
billion 2013
1 7.4 10.9 13.5 20.3
2 5.4 9.8 13.2 21.7
3 -42.1 -36.7 -32.6 -22.1

" These label values represent the global SCC in 202R18%. The present values have been calculate
with scenarieconsistent discount rates.

Although adding the value otistomersavings to the values of emission reductions
provides a valuable perspective, two issues should be consiBestgdthe national operating
cost savings are domestic U.S. customer monetary savings that occur as a result of market
transactions, while thealue of CQ reductions is based on a global val8econd, the
assessments of operating cost savings and the SCC are performed with different methods that use
quite different time frames for analysiche national operating cost savings is measured éor th
lifetime of equipmenshipped in 20172046 The SCC values, on the other hand, reflect the
present value of future climatelated impacts resulting from the emission of one metric ton of

CO, in each yearThese impacts continue well beyond 2100.
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8. OtherFactors
EPCA allows the Secretary, in determining whether a standard is economically justified,
to consider any other factors that the Secretary deems to be relevant. (42 U.S.C.
6295(0)(2)(B)(i)(VIl) and6316(a) DOE has not considered other factors inedepgment of the

standards in this final rule.

C. Conclusioms

Any new or amended energy conservation standard for any type (or class) of covered
productmustbe designed to achieve the maximum improvement in energy efficiency that the
Secretary determinestischnologically feasible and economically justified. (42 U.S.C.
6295(0)(2)(A) and316(a) In determining whether a standard is economically justified, the
Secretary must determine whether the benefits of the standard exceed its burdens to the greatest
extent practicablegonsideringhe seven statutory factors discussed previously. (42 U.S.C.
6295(0)(2)(B)(i) and316(a) The new or amended standard must also result in a significant

conservation of energy. (42 U.S.C. 6295(0)(3)(B) 6atl6(a)

For tswolemakiigDOE considered the impacts of potential standards at each TSL,
beginning with the maximum technologically feasible level, to determine whether that level met
the evaluation criteria. If the march level was not justified, DOE then considkttee next
most efficient level and undertook the same evaluation until it reached the highest efficiency
level that is both technologically feasible and economically justified and saves a significant

amount of energy.
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To aid the reader in understandihg benefits and/or burdens of each TSL, tables in this
section summarize the quantitative analytical results for each TSL, based on the assumptions and
methodology discussed herein. The efficiency levels contained inT&chre described in
sectionV.A. In addition to the quantitative results presented irtdbkesbelow, DOE also
considers other burdens and benefits that affect economic justification. These include the impacts
on identifiable subgroups ebnsumersvho may be disproportionately affected by a national
standard, and impacts on employm&dctionV.B.1.bpresents the estimated impacts of each
TSL for the considered subgraOE discusses the impacts on employmeiViGF
manufacturing in sectiod.B.2.band discusses the indirect employment impacseation

IV.O.

1. Benefits and Burdens of Trial Standard Levels Considered/&k-in Coolers and Wakk
in Freezers

TableV.43throughTableV.46 summarize the quantitative impacts estimated for each

TSL for WICFs.
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Table V.43 Summary of Results forWalk-in Coolers and Freezers

Category | TSL1 | TSL2 | TSL 3
Cumulative National Energy Savings
guads
Primary 2.466 3.099 3.821
Full-fuel cycle 2.506 3.149 3.883
Cumulative NPV of Customer Benefits
20138$ billion
3% discount rate 13.38 9.90 -73.93
7% discount rate 6.24 3.98 -43.92
Industry Impacts
Change in Industry NPY2013 -52.890 107.1Qo0
miIIior?) y NP 294103188 | ‘g1 50 596.38
Change in Industry NP\#6) -2.2802.47 -4,1t06.21 | -8.3t046.19
Cumulative Emissions Reductions**
CO, (Mt 126.7 159.2 196.0
SO, (kt) 182.4 229.2 282.4
NO, (kt) 202.5 254.4 314.4
Hg (t) 0.22 0.27 0.34
N,O (kt) 2.8 3.5 4.4
N,O (kt COeq) 662.9 833.0 1026.8
CH, (kt) 126.7 159.2 196.0
CH, (kt CO.eq) 182.4 229.2 282.4
Monetary Value of Cumulative Emissions Reductions
2013$ millior®
1,193.5t0 1,464.4 to
€O, 949.710 129991 16335 20,0576
NOy 1 3% discount rate 291.3 366.1 450.0
NO, T 7% discount rate 146.0 183.5 225.5
**Mthdo stands for million metric t onsegisth&kquantitysofGOnds f or k

that would have the same global warming potential (GWP).
A Range of t he e¢reductiansis based an kestineate®df the@lobal benefit of reduced CO
emissions.
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Table V.44 Summary of Results forWalk-in Coolers and FreezersISLs: Mean LCC
Savings

Mean LCC Savings*
2013%

Equipment Class TSL1 TSL 2 TSL 3
DC.L.I 2157 2078 2078
DC.L.O 6463 5942 5942
DC.M.I 1485 5942 5942
DC.M.O 6382 6533 6533
MC.L 598 547 547
MC.M 362 362 362
SP.M -21
SP.L -18
FP.L -19
DD.M 460 143 -2396
DD.L 976 902 -79
PD.M -2000
PD.L -1998
FD.M -2668
FD.L -1761
* ".." indicates no impact because there is no change in the standards.
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Table V.45 Summary of Results forWalk-in Coolers and FreezersISLs: Median Payback
Period

Median Payback Period
years

Equipment Class TSL1 TSL 2 TSL 3
DC.L.I 1.7 1.6 1.6
DC.L.O 1.0 35 3.5
DC.M.I 2.8 35 3.5
DC.M.O 1.1 2.2 2.2
MC.L 2.7 3.1 3.1
MC.M 3.1 3.1 3.1
SP.M 238.6
SP.L 58.8
FP.L 64.7
DD.M 2.4 7.3 39.5
DD.L 4.2 5.4 9.6
PD.M 30.8
PD.L 30.7
FD.M 115.5
FD.L 19.1
* "..-" indicates nampact because there is no change in the standards.
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Table V.46 Summary of Results forWalk-in Coolers and FreezersI'SLs: Distribution of
Customer LCC Impacts

Equipment Class TSL 1* TSL 2* TSL 3*
DC.L.|

Net Cost (%) 0 0 0

No Impact (%) 0 0 0

Net Benefit (%) 100 100 100
DC.L.O

Net Cost (%) 0 2 2

No Impact (%) 0 0 0

Net Benefit (%) 100 98 98
DC.M.I

Net Cost (%) 0 2 2

No Impact (%) 0 0 0

Net Benefit (%) 100 98 98
DC.M.O

Net Cost (%) 0 0 0

No Impact (%) 0 0 0

Net Benefit (%) 100 100 100
MC.L

Net Cost (%) 0 0 0

No Impact (%) 0 0 0

Net Benefit (%) 100 100 100
MC.M

Net Cost (%) 0 0 0

No Impact (%) 0 0 0

Net Benefit (%) 100 100 100
SP.M

Net Cost (%) 0 0 100

No Impact (%) 100 100 0

Net Benefit (%) 0 0 0
SP.L

Net Cost (%) 0 0 100

No Impact (%) 100 100 0

Net Benefit (%) 0 0 0
FP.L

Net Cost (%) 0 0 100

No Impact (%) 100 100 0

Net Benefit (%) 0 0 0
DD.M

Net Cost (%) 0 41 100

No Impact (%) 30 0 0

Net Benefit (%) 69 59 0
DD.L

Net Cost (%) 4 10 59

No Impact (%) 0 0 0

Net Benefit (%) 96 90 41
PD.M

Net Cost (%) 0 0 100

No Impact (%) 100 100 0

Net Benefit (%) 0 0 0
PD.L
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Net Cost (%) 0 0 100

No Impact (%) 100 100 0

Net Benefit (%) 0 0 0
FD.M

Net Cost (%) 0 0 100

No Impact (%) 100 100 0

Net Benefit (%) 0 0 0
FD.L

Net Cost (%) 0 0 100

No Impact (%) 100 100 0

Net Benefit (%) 0 0 0

* In some cases the percentages may not sum to 100 percent due to rounding.

TSL 3 corresponds tthe maxtech level for all the equipment classes and offers the
potential for the highest cumulative energy savings. The estimated energy savings fr8ns TSL
3.883quads an amount DOE deems significahSL 3 showsa net negative NPV for customers
with estimated increased costs valued-d48%®2billion at a 7percent discount rate. Estimated
emissions reductions at®6.0 Mt of CQ, 314.4 thousantbnsof NOy, 282.4thousandonsof
SO, 1026.8thousandons of methane nal 0.34 tonsof Hg. The CQ emissions havera
estimatedralue of$1.5billion to $0.1billion and the NQ emissions havan estimatedalue of

$225.5million at a Zpercent discount rate.

For TSL3the mean LCC savings for all equipment classepasdive for refrigeration
sysems, and negative for all refrigeration compongmglying an increase in LC(@ all
component case¥he median PBP is longer than the lifetime of the equipment for all
refrigeration component equipment class8anilarly, the mean LCC savings for péevhich
require the use of vacuum insulated panels at T@ke3negative with median PBR high as

nearly240 years.
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At TSL 3, manufacturers may expect diminished profitability due to large increases in
equipmentosts, capital investments in equipment and tooling, and expenditures related to
engineering and testinghe projected change in INPV ranges from a decreasg0af. $million
to an increasef $596.4mi | | i on based on DOEOGs meoppdract ur er
boundgainof $596.4million in INPV is considered an optimistic scenario for manufacturers
because it assumes manufacturers can fully pass on substantial increases in equipment costs.

DOE recognizes the risk of large negative impacts onindustry manuf act ur er sd ex
concerning reduced profit margins are realized. B8buld reducevalk-in INPV by up t08.30

percent if impacts reach the lower bound of the range.

After carefully considering the anaigal results and weighing the bensfand burdens
of TSL 3, DOE finds that the benefits to the Nation from T&ln the form of energy savings
and emissions reductions, includiegvironmental and monetary benefits, are small compared to
the burdens, in the form of a decrease in custom&t. WOE concludes that the burdens of TSL

3 outweigh the benefits and, therefore, does not find F&Lbe economically justifiable.

TSL 2 corresponds to the highest efficiency level, in each equipment wlais$,
maximized energy savings, while maimiaig a positive NPV at a-percent discount rafer
each equipment clasBhe estimated energy savings from TSis 3.149quads, an amount DOE
deems significant. TSR shows a nepositiveNPV for all customers with estimated 8.90
billion at a Zpercent discount rat&stimated emissions reductions a&9.2Mt of CO,, 254.4

thousandons of NQ, 229.2thousandons of SQ, 833.0 thousandons of methane, and4Y.
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tonsof Hg. The CQ emissions have an estimated value o2%lllion to $.6.3billion and the

NOx emissions have an estimated value 8%5million at a Zpercent discount rate.

At TSL 2, the projected change in INPV ranges from a decrease?dd fillion to an
increaseof $80.2million. At TSL 2, DOE recognizes theésk of negative impacts if
manufacturersd expectations concerning reduce
of the range of impacts is reached, as DOE expects2T8Lld result in a net loss 410

percent intotal INPV for manufacturersf walk-in refrigeration, panels, and doors

For TSL2 the mean LCC savings for all equipment classes are positive for refrigeration
systems, and | refrigeration components, implyingeatuctionin LCC in all cases. The median

PBP isshorterthan the lietime of the equipment for all equipment classes.

After careful consideration of the analyses results, weighing the benefits and burdens of
TSL 3, and comparing them to those of T3lthe Secretary concludes that T3will offer the
maximum improvemerit efficiency that is technologically feasible and economically justified
and will result in the significant conservation of energy. Therefore, DOE today is adopting
standards at TSR for walk-in coolers and walkn freezersThe energy conservation stkamnds

for walk-in coolers and walin freezersare shown imableV.47.

Table V.47 Energy Conservation Standards folWalk-in Coolers and Walk-in Freezers
(Compliance Required Starting[INSERT DATE])

Class Descriptor | Class Standard Level
Refrigeration Systems Minimum AWEF (Btu/W -h)*
Dedicated Condensing, Medium\ DC.M.I, < 5.61
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Temperature, IndodBystem, < 9,000

9,000 Btu/h Capacity

Dedicated Condensing, Medium DC. M

Temperatur e, |'9006 ' 5.61

9,000 Btu/h Capacity ’

Dedicated Condensing, Medium DC.M.O

Temperature, Outdoor System, | _ 9'00'0 ’ 7.60

9,000 Btu/h Capacity '

Dedicated Condensing, Medium

Temperatur e, Olgc.n\g.o,o 7.60

9,000 Btu/h Capacity '

Dedicated Condensing, Low DCLI <

Temperature, Indoor System, < 9 000 ' 593 x 10° x Q + 2.33
9,000 Btu/h Capacity ’

Dedicated Condensing, Low DC. L

Temperatur e, ||9006 ’ 3.10

9,000 Btu/h Capacity '

Dedicated Condensing, Low

Temperature, Outdoor System, | ngolbo < 2.30 x 10" x Q+2.73
9,000 Btu/h Capacity '

Dedicated Condensing, Low DC. L

Temperatur e, 01900(') ' 4.79

9,000 Bu/h Capacity ’

Multiplex Condensing, Medium

Temperature MC.M 10.89
Multiplex Condensing, Low

Temperature MC.L 6.57

Panels Minimum R -value (h-ft2-°F/Btu)
Structural Panel, Medium SP.M o8
Temperature

Structural Panel, Low SP.L 32
Temperature

Floor Panel, Low Temperature | FP.L 28
Non-Display Doors Maximum Energy Consumption (kWh/day)**
Passage Door, Medium PD.M 0.05 x Ag+ 1.7
Temperature

Passage Door, Low Temperatur| PD.L 0.14 x Ag+ 4.8
Freight Door, Medium ED.M 0.04 x Ag+ 1.9
Temperature

Freight Door, Low Temperature | FD.L 0.12 x A4+ 5.6
Display Doors Maxi mum Energy Consumg
Display Door, Medium DD.M 0.04 x Ag+ 0.41

Temperature

Display Door, Low Temperature

DD.L

0.15 x A+ 0.29

*Q represents the system gross capacity as calculated in AHRI 1250.

** And represents the surface area of the-d@play door.
represents

A Add

t he

sur face
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2. Summary of Benefits and Costs (Annualized) of the Standards
The benefits and c o ®dguipmensoldih 208-20¥60can alsaba nd ar d
expressed in terms of annualized values. The annualized monetary values are the sum of (1) the
annualized national economic value of the benefits from operatiregjtifgment(consisting
primarily of operating cost savings from using less energy, minus increases in equipment
purchase and installation costs, which is another way of representing consumer NPV), plus (2)
the annualized monetary value of the benefits ofsimin reductions, including G@mission

reductions’®

Esti mates of annuali zed b eareasHowntirfablevm8 cost s
The results under the primary estimate are as follows. Usingeacént discount rate for
benefits and costs other than g@duction, for which DOE used apgrcentdiscount rate along
with the average SCC series that usegpar8ent discount rate, the cost of the standards in
t oday 6 sblimilibneer year in$ncreased equipment costs, while the benefit8@ee $
million per year in reduced equipment operating co&87 fillion in CQ, reductions, and

$16.93million in reduced NQ emissions. In this case, the net benefit amount§Zd fillion

% DOE used a twastep calculation process to convert the tseeies of costs and benefits into annualized values.

First, DOE calculated a present value in 2014, the year used for discptiniNPV of total consumer costs and

savings, for the timseries of costs and benefits using discount rates of three and seven percent for all costs and
benefits except for the value of g@ductions. For the latter, DOE used a range of discount estetown in

Table 1.3. From the present value, DOE then calculated the fixed annual payment oyeaa 3€riod (2017

through 2046) that yields the same present value. The fixed annual payment is the annualized value. Although DOE
calculated annualizedhlues, this does not imply that the tiseries of cost and benefits from which the annualized
values were determined is a steady stream of payments.
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per year. Using a-Bercent discount rate for all benefits and costs and the average SCC series,
the cost of the 5#%a8miienmpe gearinincréased eqyigiment costs, e
while the benefits arel$064million per year in reduced operating cos8®million in CO,
reductions, and¥2.82million in reduced NQ emissions. In this case, the net benefit amounts to

$842 million per year.
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Table V.48 Annualized Benefits and Costs of New and Amended Standards f@valk -in

Coolers and Walkin Freezers

Primar Low Net High Net
_ ) y* Benefits Benefits
Discount Estimate Estimate* Estimate*
Rate
million 2013b/year
Benefits
_ , 7% 879 854 1901
Operating Cost Savings
3% 1064 1027 1115
CO, Reduction at ($2.0t case)** 5% 86 86 86
CO, Reduction at (80.5t case)** 3% 287 287 287
CO;, Reduction at ($8.4/t case)** 2.5% 420 420 420
CO; Reduction at ($117/t case)** 3% 884 884 884
_ 7% 16.93 16.93 16.93
NOx Reduction at ($2,684/ton)**
3% 19.82 19.82 19.82
0,
7%DPIUS | gg1 191,780 | 957 t0 1,755 | 1,020 to 1,81¢
CO;range
. L 7% 1,183 1,158 1,221
Tot al BenefitsA 3% ol
o plus d
CO, range 1,169 t01,968 | 1,1331t0 1,931| 1,221 to 2,01¢
3% 1,371 1,334 1,422
Costs
) 7% 511 501 522
IncrementaEquipmentCosts
3% 528 515 541
Net Benefits
7%PIUS | 400 101,269 | 456 to 1,255 | 498 to 1,296
CO;range ' ' '
R 7% 671 657 699
Total A 2% ol
oo | 641101,440 | 617101,416 | 680 (01,478
O, range
3% 842 818 881

* This table presents the annualized costs and benefits associateehikiih coolers and walin freezershipped
in 2017- 2046. These results include benefits to customers which accrue after 2046 feamigireenpurchased

in 2017- 2046. The results account for the incremental variable and fixed costs incurred by manufacturers due to the
amended standard, some of which may be incurred in preparation for the final rule. The primary, low, and high
estimats utilize projections of energy prices from hEO 2013Reference case, Low Estimate, and High Estimate,

respectively. In addition, incremental equipment costs reflect a medium decline rate for pegedgeceniprice

trends in the Primary Estimate,@ decline rate for projecteztjuipmenprice trends in the Low Benefits Estimate,

and a high decline rate for projecteguipmengprice trends in the High Benefits Estimate.
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** The CO, values represent global monetized values of the SCEZD1BS, in 205 under several scenarios of the

updated SCC values. The first three cases use the averages of SCC distributions calculated using 5%, 3%, and 2.5%
discount rates, respectively. The fourth case represents‘thEeg&ntile of the SCC distribution calc@dtusing a

3% discount rate. The SCC time series used by DOE incorporate an escalation factor. The valyésfthéNO

average of the |l ow and high values used in DOE®&ds anal y:
A Tot al B e n e fpertent arfd Percert cased are dariwed Bsihg series corresponding to average

SCC with 3percent discount ratevhich is the40.59t CO,reductioncase | n t he r ows Jramgle®d f#79
and A3 %,rpanugse O t he o pubenafitsiane galcudated usingahe thbeldXdiscatst and

those values are added to the full range of @lues.

VI. Procedural Issues and Requlatory Review

A. Review Lhder ExecutiveDrders 12866 and 13563

Section 1(b)(1) of Executive Order 12866,
51735 (Oct. 4, 1993), requires each agency to identify the problem that it intends to address,
including, where applicable, the failures of private markets or public ingtituthat warrant
new agency action, as well as to assess the significance of that problem. The problems that

todayds standards address are as foll ows:

(1) There are external benefits resulting from improved energy efficiency of commercial
refrigeration egigpment that are not captured by the users of such equipment. These
benefits include externalities related to environmental protection and energy security that
are not reflected in energy prices, such as reduced emissions of greenhouse gases. DOE
attempts@ quantify some of the external benefits through use of Social Cost of Carbon

values.

Il n addition, DOE has determined that today
significant regulatory actiono unddmly,secti on
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section 6(a)(3) of the Executive Order requires that DOE prepare a regulatory impact analysis
(RI'A) on todayo6és rule and that the Office of
Office of Management and Budget (OMB) review this rule. Df&sented to OIRA for review

the draft rule and other documents prepared for this rulemaking, including the RIA, and has
included these documents in the rulemaking recdfte assessments prepared pursuant to

Executive Order 12866 can be found in the mécdd support document for this rulemaking.

DOE has also reviewed this regulation pursuant to Executive Order 13563, issued on
January 18, 2011 (76 FR 3281, Jan. 21, 2011). EO 13563 is supplemental to and explicitly
reaffirms the principles, structuresnd definitions governing regulatory review established in
Executive Order 12866. To the extent permitted by law, agencies are required by Executive
Order 13563 to: (1) propose or adopt a regulation only upon a reasoned determination that its
benefits jstify its costs (recognizing that some benefits and costs are difficult to quantify); (2)
tailor regulations to impose the least burden on society, consistent with obtaining regulatory
objectives, taking into account, among other things, and to the gxsaticable, the costs of
cumulative regulations; (3) select, in choosing among alternative regulatory approaches, those
approaches that maximize net benefits (including potential economic, environmental, public
health and safety, and other advantagesiiloligive impacts; and equity); (4) to the extent
feasible, specify performance objectives, rather than specifying the behavior or manner of
compliance that regulated entities must adopt; and (5) identify and assess available alternatives
to direct regulabn, including providing economic incentives to encourage the desired behavior,
such as user fees or marketable permits, or providing information upon which choices can be

made by the public.
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DOE emphasizes as well that Executive Order 13563 req@essi@s to use the best
available techniques to quantify anticipated present and future benefits and costs as accurately as
possible. In its guidance, the Office of Information and Regulatory Affairs has emphasized that
such techniques may include idenitily changing future compliance costs that might result from
technological innovation or anticipated behavioral changes. For the reasons stated in the
preamble, DOE believes that todayods final rul
requirenent that, to the extent permitted by law, benefits justify costs and that net benefits are

maximized.

B. Review Under the Reqgulatory Flexibility Act

The Regulatory Flexibility Act (5 U.S.C. 60ét seg) requires preparation offenal
regulatory flexibilityanalysis FRFA) for any rule that by law must be proposed for public
comment, unless the agency certifies that the rule, if promulgated, will not have a significant
economic impact on a substantial number of small entities. As required by Executive Order
13272, AProper Consideration of Small Entitie
16, 2002), DOE published procedures and policies on February 19, 2003, to ensure that the
potential impacts of its rules on small entities are properly consideriedjdine rulemaking
process. 68 FR 7990. DOE has made its procedures and policies available on the Office of the

Gener al Co u rmispg/énérgy.gav/gdoBidggeneralcpunsel).

For manufacturers afalk-in coolers and walin freezersthe Small Business

Admini stration (SBA) has set a size threshol d
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businesseso for the purposes of tzZestandardatbut e .
determine whether any small entities would be subject to the requirements of tb& Fefe.

30836, 30848 (May 15, 2000), as amended at 65 FR 53533, 53544 (Sept. 5, 2000) and codified

at 13 CFR part 12T he size standards are listed by thokmerican Industry Classification

System (NAICS) code and industry description and are available at
http://lwww.sba.gov/content/smaiusinesssize standardsWalk-in manufacturing is classified

under NAI CS -C3rRliBosidigmand Wiara iAir Heatinggaipment and Commercial

and I ndustrial Refrigeration Equi pment Manuf a
employees or less for an entity to be considered as a small business for this cBeesgatyn

this threshold, DOE present the following FRFAabysis:

1. Description and Estimated Number of Small Entities Regulated
During its market survey, DOE used available public information to identify potential
smal | manufacturers. DOE6s research involved
(including AHRI Directory®, and NAFEM?), public databasegg.the SBA Databas®),
individual company websites, and market research teals Dunn and Bradstreet repdftand
Hoovers reporfS) to create a list of companies that manufacture oegelbmentovered by
this rulemaking. DOE also asked stakeholders and industry representatives if they were aware of

any other small manufacturers during manufacturer interviews and at DOE public meetings.

0 Seewww.ahridirectory.org/atiDirectory/pages/home.aspx

! Seehttp://www.nafem.org/findnembers/MemberDirectory.aspx
2 Seehttp://dsbs.sba.gov/dsbs/search/dsp_dsbs.cfm

3 Seewww.dnbcom/.

** Seewww.hoovers.com/
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DOE reviewed publicly available data and contasteléct companies on its list, as necessary, to
determine whether they met the SBAOs definiti
walk-in coolers and walin freezers. DOE screened out companies that do not offer equipment
covered by thisrulemakn g, do not meet tbBéendebinibroaref e

owned.

Based on this information, DOE identifiéatty-sevenpanel manufacturers and found
forty-two of the identified panel manufacturers to be small businesses. As part of the MIA
interviews, the Department interviewed nine panel manufacturers, including three small business
operations. During MIA interviews, multiple m
two-mangaragb ased operationso t hat ugnttiesdibey asseéldCF p a1
that these small manufacturers do not typically comply with EISA 2007 standards and do not
obtain UL or NSF certifications for their equipment. DOE was not able to identify these small
businesses and did not consider theminidy@s.Today 6s notice sets the
standard for walin panels at the baseline efficiency le\@hsed on manufacturer comments in
the NOPR public meetinddOE expects thadll manufacturers wilbe able to meet the baseline
efficiency lewel withoutproductchangesimplementation of new design options, or investments
in capital equipmenfAs a resultDOE certifiesthat the standard would not have a significant

impact on small businesses with respect tontak-ins panel industry.

DOE identifiedforty-ninewalk-in door manufacturers.ofty-five of those produce solid
doors and four produce display doors. Of thiyffive solid door manufacturerfgrty-two

produce panels as their primary business and are considered in the categoey of pan
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manufacturers above. The remaining three solid door manufacturers are all considered to be
small businesses. Of the four display door manufacturers, two are considered small businesses.
Therefore, of the seven manufacturers that exclusively produce Wi@s (three producing

solid doors and four producing display doors), DOE determined that five are small businesses.
As part of the MIA interviews, the Department interviewed six door manufacturers, including
four small business operations. Basedoraralysis of the anticipated conversion costs relative

to the size of the small businesses in the door mdkaE certifesthat the proposed standards
would not have a significant impact on a large number of small businesses with respect to the
door industy. The complete analysis of small door manufacturer is presented ivet@etion

VI.B.2.

DOE identified nine refrigeration system manufacturers in the WICF industry. Two of
those companieare foreigrowned Based on publicly available information, twitle
remaining seven domestic manufacturers are small businesses. One small business focuses on
large warehouse refrigeration systems, which are outside the scope of this rulemaking. However,
at its smallest capaci ty hewalkinrsarket.dinepthengmals uni t
business specializes in building evaporators and unit coolers for a range of refrigeration
applications, including the walik market. As part of the MIA interviews, the Department
interviewed five refrigeration manufacars, including the two small business operations. Both
small businesses expressed concern that the rulemaking would negatively impact their businesses
and one small business indicated it would exit the walkdustry as a result of any standard
that woud directly impact walkin refrigeration system energy efficiency. However, due to the

small number of small businesses that manufacture WICF refrigeration systems and the fact that
249























http://energy.gov/gc/office-general-counsel












http://www1.eere.energy.gov/buildings/appliance_standards/peer_review.html
















	Disclaimer
	Energy Conservation Program: Energy Conservation Standards for Walk-in Coolers and

Freezers
	Table of Contents
	I. Summary of the Final Rule and Its Benefits
	A. Benefits and Costs to Customers
	B. Impact on Manufacturers
	C. National Benefits
	D. Conclusion

	II. Introduction
	A. Authority
	B. Background

	III. General Discussion
	A. Component Level Standards
	B. Test Procedures and Metrics
	C. Certification, Compliance, and Enforcement
	D. Technological Feasibility
	E. Energy Savings
	F. Economic Justification

	IV. Methodology and Discussion of Comments
	A. General Rulemaking Issues
	B. Market and Technology Assessment
	C. Screening Analysis
	D. Engineering Analysis
	E. Markups Analysis
	F. Energy Use Analysis
	G. Life-Cycle Cost and Payback Period Analysis
	H. Shipments
	I. National Impact Analysis – National Energy Savings and Net Present Value
	J. Customer Subgroup Analysis
	K. Manufacturer Impact Analysis
	L. Emissions Analysis
	M. Monetizing Carbon Dioxide and Other Emissions Impacts
	N. Utility Impact Analysis
	O. Employment Impact Analysis

	V. Analytical Results
	A. Trial Standard Levels
	B. Economic Justification and Energy Savings
	C. Conclusions

	VI. Procedural Issues and Regulatory Review
	A. Review Under Executive Orders 12866 and 13563
	B. Review Under the Regulatory Flexibility Act
	C. Review Under the Paperwork Reduction Act
	D. Review Under the National Environmental Policy Act of 1969
	E. Review Under Executive Order 13132
	F. Review Under Executive Order 12988
	G. Review Under the Unfunded Mandates Reform Act of 1995
	H. Review Under the Treasury and General Government Appropriations Act, 1999
	I. Review Under Executive Order 12630
	J. Review Under the Treasury and General Government Appropriations Act, 2001
	K. Review Under Executive Order 13211
	L. Review Under the Information Quality Bulletin for Peer Review
	M. Congressional Notification

	VII. Approval of the Office of the Secretary
	Part 431 - Energy Efficiency Program for Certain Commercial and Industrial Equipment

