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AGENCY: O fice of Energy Efficiency and Renewabl e Energy, Departnent of
Ener gy.

ACTI ON:  Advance notice of proposed rul enaki ng and notice of public
nmeet i ng.

SUMMVARY: The Energy Policy and Conservation Act (EPCA) authorizes the
Departnment of Energy (DCE) to establish energy conservation standards
for various consuner products and conmercial and industrial equipnent,
i ncludi ng commercial ice-creamfreezers; self-contained comercia
refrigerators, commercial freezers, and commercial refrigerator-
freezers w thout doors; and renote condensing comercial refrigerators,
conmercial freezers, and commercial refrigerator-freezers, if DCE
determ nes that energy conservation standards woul d be technol ogically
feasi bl e and economically justified, and would result in significant
energy savings. DOE publishes this Advance Notice of Proposed

Rul emaki ng (ANOPR) to consider establishing energy conservation
standards for the categories of comercial refrigeration equi prment
ment i oned above, and to announce a public neeting to receive conments
on a variety of issues.

DATES: DCE will hold a public neeting on August 23, 2007, from9 a.m
to 5 p.m in Washington, DC. DOE nust receive requests to speak at the
public nmeeting no later than 4 p.m, August 3, 2007. DCE nust receive a
signed original and an electronic copy of statenents to be given at the
public nmeeting no later than 4 p.m, August 9, 2007. DCE will accept
conments, data, and information regarding this ANOPR no | ater than

Cct ober 9, 2007. See section |V, ““Public Participation,'' of this
ANCPR for details.

ADDRESSES: The public neeting will be held at the U S. Departnent of
Energy, Forrestal Building, Room 1E-245, 1000 | ndependence Avenue, SW,
Washi ngton, DC. Please note that foreign nationals visiting DOE
Headquarters are subject to advance security screening procedures,
requiring a 30-day advance notice. If you are a foreign national and
wish to participate in the public neeting, please informDOE of this
fact as soon as possible by contacting Ms. Brenda Edwards-Jones at
(202) 586-2945 so that the necessary procedures can be conpl et ed.

You may submit comrents identified by docket nunber EE-2006-STD
0126 and/or Regul atory Informati on Nunber (RI'N) 1904- AB59 using any of
the foll owi ng nethods:

Federal eRul emaking Portal: http://ww.regul ations. gov.

Fol |l ow the instructions for submtting conments.

E-mail: commercialrefrigeration.rul emaki ng@e. doe. gov.
I ncl ude EE-2006- STD- 0126 and/or RIN 1904- AB59 in the subject |ine of
your mnessage.

Postal Mail: Ms. Brenda Edwards-Jones, U.S. Departnent of
Ener gy, Buil ding Technol ogi es Program Mailstop EE-2J, 1000
I ndependence Avenue, SW, Washi ngton, DC 20585-0121. Tel ephone: (202)
586- 2945. Pl ease subnmt one signed paper original

Hand Del ivery/ Courier: M. Brenda Edwards-Jones, U.S.
Depart ment of Energy, Building Technol ogi es Program Room 1J-018, 1000
I ndependence Avenue, SW, Washi ngton, DC 20585-0121. Pl ease submit one
si gned ori gi nal paper copy.

For detailed instructions on submtting comments and additiona
informati on on the rul emaki ng process, see section |V, “~"Public
Participation,'' of this docunent.
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Docket: For access to the docket to read background docunments or
comments received, go to the U S. Departnent of Energy, Forrestal
Bui | di ng, Room 1J-018 (Resource Room of the Building Technol ogi es
Program, 1000 |Independence Avenue, SW, Washington, DC, (202) 586-
2945, between 9 a.m and 4 p.m, Mnday through Friday, except Federal
hol i days. Pl ease call M. Brenda Edwards-Jones at the above tel ephone
nunber for additional information regarding visiting the Resource Room
Pl ease note: DOE' s Freedom of Information Readi ng Room (Room 1E-190 at
the Forrestal Building) no | onger houses rul emaking nmaterial s.

FOR FURTHER | NFORMATI ON CONTACT: M. Charles Llenza, U S. Departnent of
Ener gy, Building Technol ogi es Program EE-2J, 1000 |ndependence Avenue,
SW, Washi ngton, DC 20585-0121, (202) 586-2192. E-nuil

Charles. Ll enza@e. doe. gov, or Ms. Francine Pinto, Esq., U.S. Departnent

of Energy, Ofice of General Counsel, GC-72, 1000 | ndependence Avenue,
SW, Washington, DC 20585, (202) 586-9507. E-nuil:
Franci ne. Pi nt o@g. doe. gov.

SUPPLEMENTARY | NFORVATI ON
I. Introduction
A. Purpose of the Advance Notice of Proposed Rul enaking

B. Sunmary of the Analysis

1. Engi neering Anal ysis

2. Markups To Determ ne Equi pnment Price

3. Energy Use Characterization

4. Life-Cycle Cost and Payback Period Anal yses

5. National Inpact Analysis

C. Authority

D. Background

1. History of Standards Rul enmaking for Commercial Refrigeration
Equi pnent

2. Rul emaki ng Process

3. M scel |l aneous Rul emaki ng |ssues

a. Federal Preenption

b. State Exenptions from Federal Preenption

c. Equipnment dass Prioritization

4. Test Procedure

Il. Commercial Refrigeration Equi prent Anal yses
A. Market and Technol ogy Assessnent
1. Definitions of Commercial Refrigeration Equi pnent Categories
a. Coverage of Equi prment Excl uded From Anerican Nati onal
Standards Institute/ Air-Conditioning and Refrigeration Institute
St andard 1200- 2006
b. Coverage of Equi pnment Not Designed for Retail Use
c. Renote Condensing Conmercial Refrigerators, Comrercia
Freezers, and Commerci al Refrigerator-Freezers
d. Secondary Cool ant Applications
e. Self-Contained Commercial Refrigerators, Commercial Freezers,
and Conmercial Refrigerator-Freezers Wthout Doors
Commerci al |ce-Cream Freezers
Equi prent C asses
Normal i zation Metric
Ext ensi on of Standards
Mar ket Assessnent
Technol ogy Assessnent
Scr eeni ng Anal ysi s
Engi neeri ng Anal ysis
Appr oach

PO~
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Equi prent C asses Anal yzed

Anal yti cal Model s

Cost Mbdel

Energy Consunpti on Model

Basel i ne Model s

Cost-Efficiency Results

Mar kups To Deterni ne Equi prent Price
Energy Use Characterization

Rebut t abl e Presunpti on Payback Peri ods
Li fe-Cycl e Cost and Payback Period Anal yses
Appr oach

Li fe-Cycle Cost Analysis Inputs
Basel i ne Manufacturer Selling Price
Increase in Selling Price

Mar kups

gRFLONEETIMODORDT O WN

[[ Page 41163]]

6. Installation Costs

7. Energy Consunption

8. Electricity Prices

9. Electricity Price Trends

10. Repair Costs

11. Maintenance Costs

12. Lifetine

13. Discount Rate

14. Payback Peri od

15. Life-Cycle Cost and Payback Period Results
Shi prents Anal ysi s

Nati onal | npact Analysis

Appr oach

Base Case and Standards Case Forecasted Efficiencies
Nati onal | npact Analysis |nputs

Nati onal |npact Analysis Results
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Manuf acturer | npact Analysis
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I ndustry Cash Fl ow Anal ysi s

Manuf act urer Sub- Group Anal ysi s

Competitive |Inpacts Assessnent

Cumul ati ve Regul atory Burden

Prelimnary Results for the Manufacturer |npact Analysis
Uility Inpact Analysis

Enpl oynment | npact Anal ysis

Envi ronnent al Assessnent

Regul atory I npact Anal ysis

1. Candldate Ener gy Conservation Standards Level s
I'V. Public Participation

Attendance at Public Meeting

Procedure for Subnitting Requests to Speak
Conduct of Public Meeting

Submi ssi on of Comments

| ssues on Wi ch DOE Seeks Comment

Equi pment Class Prioritization and Extendi ng Anal yses
Air-Curtain Angle
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Equi pment C asses for Equi prent Wth Doors
Equi prent C asses

Case Lighting Operating Hours
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8. Equiprent Lifetine

9. Life-Cycle Cost Baseline Level

10. Characterizing the National |npact Analysis Base Case

11. Base Case and Standards Case Forecasts

12. Differential Inpact of New Standards on Future Shipnents by
Equi pnrent C asses

13. Sel ection of Candidate Standard Levels for Post-Advance
Noti ce of Proposed Rul emaki ng Anal ysis

14. Approach to Characterizing Energy Conservation Standards

15. Standards for Commercial Refrigerator-Freezers
V. Regul atory Revi ew and Procedural Requirenents: Executive O der
12866
VI. Approval of the Ofice of the Secretary

I. Introduction
A. Purpose of the Advance Notice of Proposed Rul emaking

The purpose of this Advance Notice of Proposed Rul enaki ng ( ANOPR)
is to provide interested persons with an opportunity to coment on

1. The equi pnent cl asses that the Departnent of Energy (DOE) is
pl anning to analyze in this rul emaking;

2. The anal ytical framework, nodels, and tools (e.g., life-cycle
cost (LCC) and national energy savings (NES) spreadsheets) that DCE has
been using to perform anal yses of the inpacts of energy conservation
standards for commercial ice-creamfreezers; self-contained conmercia
refrigerators, commercial freezers, and comrercial refrigerator-
freezers wi thout doors; and renpte condensing comercial refrigerators,
commercial freezers, and comercial refrigerator-freezers; \1\

\'1\ These types of equipnent are referred to collectively

hereafter as commercial refrigeration equipnent."''

3. The results of the prelimnary engi neering anal yses, the markups
anal ysis to determ ne equi pnent price, the energy use characterization
the LCC and payback period (PBP) anal yses, and the NES and nati ona
i npact anal yses as presented in the ANOPR Techni cal Support Docunent
(TSD): Energy Efficiency Standards for Commercial and Industrial
Equi pmrent: Commerci al |ce-Cream Freezers; Self-Contai ned Comerci a
Refrigerators, Freezers, and Refrigerator-Freezers w thout Doors; and
Renot e Condensi ng Commerci al Refrigerators, Freezers, and Refrigerator-
Freezers, and summarized in this ANOPR, and

4. The candi date energy conservation standard | evels that DOE has
devel oped fromthese anal yses.

B. Summary of the Analysis

The Energy Policy and Conservation Act, as anended, (EPCA)
aut hori zes DCE to establish m ninum energy conservation standards for
various consuner products and conmercial and industrial equipnent,
i ncludi ng commercial refrigeration equipnent, which are the subject of
this ANOPR (42 U. S.C. 6291 et seq.) DCE conducted in-depth technica
anal yses for this ANOPR in the follow ng areas: engineering, markups to
det erm ne equi pnent price, energy use characterization, LCC and PBP
and NES and net present value (NPV). The ANOPR di scusses the
met hodol ogi es and assunptions for each of these analyses. Table I.1
identifies the sections in this docunment that contain the results of
each of the anal yses, and summarizes the nethodol ogi es, key inputs and
assunptions for the anal yses. DOE consulted with interested parties and
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st akehol ders in devel opi ng these anal yses, and invites further input
frominterested parties and stakehol ders on these topics. Obtaining
that input is a primary purpose of this ANOPR Thus, the results of the
prelimnary anal yses presented in this ANOPR are subject to revision
followi ng review and i nput from stakehol ders and other interested
parties. The final rule will contain the results of the final analyses.

Table 1.1.--1n-Depth Technical Anal yses Conducted for
t he Advance Notice of Proposed Rul emaeking

TSD section for

Anal ysi s area Met hodol ogy Key inputs Key
assunpti ons ANCPR section for results results
Engi neering (TSD Chapter 5)...... Ef ficiency |evel Component cost data
Conponent Section I1.C5................ Chapter 5, section
approach and performance
performance 5.10, and appendi X
suppl enented with val ues.
i mprovenents are B.

design option
estimated using

anal ysi s.
ANSI / ARl St andard
1200-
2006.
Mar kups to Determ ne Equi pnent Assessment of Di stribution
Mar kups for baseline Section II.D.................. Chapter 6, section
Price (TSD Chapter 6). conpany financi al channel s; narket and
nmore efficient 6.7.
reports to devel op shares across the
equi prent are
mar kups to di f ferent channel s;
different.
transform State sal es taxes;
manuf act urer prices and shipnments to
i nto customner different States.
prices.

[[ Page 41164]]

Energy Use Characterization (TSD Energy use estimtes Conponent energy use Case

lighting Section Il.E.................. Chapter 7, section
Chapter 7). fromthe and refrigerant
operates for 24 7.4.4, and
engi neering | oad (from hour s
a day; and appendi x D.

anal ysis, validated engi neering
supermarket is used

usi ng whol e- anal ysis); and as
bui | di ng

bui I di ng annual condenser rack
pr ot ot ype.

simul ation for performance dat a.

sel ected climates.
LCC and Payback Period (TSD Anal ysis of a Manuf acturer selling
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Basel i ne ef ficiency Section II.G15............... Chapter 8, section
Chapter 8). representative prices; markups
is Level 1; 8.4, and appendi x

sanpl e of (i ncluding sal es
average electricity G

conmer ci al t axes);

prices are by
custoners by
custoner-type and
bui | di ng-type and
State; Annual
| ocati on.

Ener gy Qutl ook
2006 is used
ref erence case

future trends;

equi prent lifetime
years; and
discount rate is

estimat ed by

wei ght ed aver age

of capital by

custoner type
Shi pnents (TSD Chapter 9)........ Projection of |inear
shares by Section I'l.H ................. Chapter 9,
f oot age of total

9. 4.
sal es by equi prent

equi prent cl ass are

const ant;

class for new and
saturation by

repl acenent markets.
building type is

constant; and

shi pnments do not
change in response

st andar ds.

National |npact (TSD Chapter 10). Forecasts of
shipments are Section Il.1.4................
conmer ci al

Chapter 10,
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Shi pnent s;

installation price;
energy consunption
electricity prices
and future trends;
mai nt enance costs;
repair costs;

equi pnent lifetineg;

and di scount rate.

VWhol esal er mar kups

section
from conpany

bal ance-sheet data
and nmechani ca

mar kups from U. S
Census Bureau dat a;
current shipnents
data by equi pnent
cl ass; average
equi pment lifetineg;
construction
forecasts for food
sal es buil di ngs;
and shi prments by

equi prment  si ze.

section
date of standard;

| evel

( AEO)
as

for

is 10

cost

Mar ket

to

effective Annua

from
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shi prent s 10. 4, and appendi x

refrigeration base case
nmodel ; annual l.

equi pnent costs, ef ficiencies;
wei ght ed- aver age

annual energy shi prment - wei ght ed
energy efficiency

consunption and mar ket shar es; and
install ed cost

operating costs to annual energy are a
function of

the year 2042. consunption, total

energy efficiency

installed cost and
| evel ; annua

repair &
wei ght ed- aver age

mai nt enance costs,
repair and

all on a per linear
mai nt enance costs

f oot basis; are
constant with

escal ati on of
energy consunption

electricity prices;
| evel ; AEQ2006 is

electricity site-to- used
for

source conversion
electricity price

di scount rate; and
escal ati on;

present year.
Nati onal Energy

Model i ng System

(NEMS) is used for

site-
t o- source
conver si on;
di scount rates are

3

percent and 7
percent real; and
future costs are
di scounted to

present year: 2007

1. Engineering Analysis
The engi neering anal ysis establishes the relationship between the
cost and efficiency of comercial refrigeration equiprment. This
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rel ationship serves as the basis for cost and benefit calcul ations for
i ndi vidual conmercial consuners, manufacturers, and the Nation. The
engi neering analysis identifies representative baseline equi pnent,
which is the starting point for anal yzing technol ogi es that provide
energy efficiency inprovenents. Baseline equipnent here refers to a
nmodel or nodel s having features and technol ogies typically found in
equi prent currently offered for sale. The baseline nodel in each

equi prent cl ass represents the characteristics of equipnment in that
class. After identifying baseline nodels, DCE estimated manufacturer
selling prices (MSPs) through an anal ysis of

[[ Page 41165]]

manuf act urer costs and manufacturer markups. Manufacturer markups are

the multipliers used to determ ne the MSPs based on manufacturing cost.
The engi neering anal ysis uses 4 industry-supplied cost-efficiency

curves, which are based on an efficiency-Ilevel approach, and 15 cost-

ef ficiency curves derived from DOE anal ysis, which are based on a

desi gn-opti ons approach.2 3 DCE al so di scusses in the

engi neering anal ysis the equi pnent classes anal yzed, the nethodol ogy

used to extend the analysis to equipnent classes that have | ow vol unmes

of shipments, an analysis of sensitivity to material prices, and the

use of alternative refrigerants.

\2\ An efficiency-1level approach establishes the relationship
bet ween manufacturer cost and increased efficiency at predetermn ned
efficiency | evels above the baseline. Under this approach,
manuf acturers typically provide increnmental manufacturer cost data
for increnmental increases in efficiency.

\3\ A design-options approach uses individual or conbinations of
design options to identify increases in efficiency. Under this
approach, estinmates are based on manufacturer or conponent supplier
data, or through the use of engineering conputer sinulation nodels.
I ndi vi dual design options, or conbinations of design options, are
added to the baseline nodel in ascending order of cost-
ef fecti veness.

2. Markups To Determ ne Equi prent Price

DOE determi nes customer prices for comrercial refrigeration
equi prent from MSP and equi pnent price markups using industry bal ance
sheet data and U. S. Census Bureau data. To determine price nmarkups, DOE
identifies distribution channels for equiprment sales and deternines the
exi stence and anounts of markups within each distribution channel. For
each distribution channel, DCE distingui shes between " baseline

mar kups'' applied to the MSP for baseline equipnment and " "increnenta
mar kups'' applied to the increnental increase in MSP for higher
ef ficiency equi prent. Overall baseline and overall increnental markups

are cal cul ated separately based on the product of all baseline markups
at each step within a distribution channel or the product of al
i ncremental markups at each step within a distribution channel
respectively. The conbi nation of the overall baseline markup applied to
t he baseline MSP and the incremental markups applied to the increnenta
increase in MSP for higher efficiency equi pnment, including sales tax,
determ nes the final custoner price.
3. Energy Use Characterization

The energy use characterization provides estinmates of annual energy
consunption for conmercial refrigeration equipnment, which are used in
t he subsequent LCC and PBP anal yses and the national inpact analysis
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(NI'A). DCE devel oped energy consunption estimtes for the 15 cl asses of
equi prent anal yzed in the engi neering anal ysis. DCE validated these
estimates with sinulation nodeling of energy consunption on an annua
basis for sel ected equi pment classes and efficiency |evels.
4. Life-Cycle Cost and Payback Period Anal yses

The LCC and PBP anal yses deternine the econom c inpact of potenti al
standards on individual comercial consuners. The LCCis the tota
consuner expense for a piece of equipnent over the life of the
equi prent. The LCC anal ysis conpares the LCCs of equi pnent designed to
meet nore stringent energy conservation standards with the LCC of the
equi prent likely to be installed in the absence of standards. DCE
determ nes LCCs by considering: (1) Total installed cost to the
purchaser (which consists of MSP, sal es taxes, distribution channe
mar kups, and installation cost), (2) the operating expenses of the
equi prrent (energy cost and mai ntenance and repair cost), (3) equipnent
lifetine, and (4) a discount rate that reflects the real consuner cost
of capital and puts the LCC in present value terns. The PBP represents
the nunmber of years needed to recover the increase in purchase price
(including installation cost) of nore efficient equi pment through
savings in the operating cost of the equipnment. The PBP is the increase
in total installed cost due to increased efficiency divided by the
(undi scount ed) decrease in annual operating cost fromincreased
ef ficiency.
5. National |npact Analysis

The NIA estimates the NES, and the NPV of total national custoner
costs and savi ngs, expected to result from new standards at specific
efficiency levels. DOE cal cul ated the NES and NPV for each standard
| evel for comercial refrigeration equipnent as the difference between
a base case forecast (wi thout new standards) and the standards case
forecast (with new standards). For the NES, DCE deternined nationa
annual energy consunption by multiplying the nunber of conmercia
refrigeration equi pment units in use (by vintage) by the average unit
energy consunption (also by vintage). DCE then conputed cumrul ative
energy savings, which is the sumof each annual NES determnined fromthe
year 2012 to 2042. The national NPV is the sumover tinme of the
di scounted net savi ngs each year, which consists of the difference
between total operating cost savings and the increase in total
installed costs. Critical inputs to the NI A include shipnents
projections, rates at which users retire equi pnent (based on estimated
equi prent lifetinmes), and estinates of changes in shipnents and
retirenment rates in response to changes in equi pment costs due to new
st andar ds.

C. Authority

Title Il of EPCA 42 U S C. 6311-6317, as anmended by the Energy
Policy Act of 2005 (EPACT 2005), Pub. L. 109-58, provides an energy
conservation programfor certain comrercial and industrial equipnent.
Further, EPACT 2005 prescri bes new or anmended energy conservation
standards and test procedures, and directs DOE to undertake rul enaki ngs
to promul gate such requirenents. In particular, section 136(c) of EPACT
2005 directs DOE to prescribe energy conservation standards for
commercial refrigeration equipnent. (42 U S.C. 6313(c)(4)(A)

Bef ore DOE prescribes any such standards, however, it nust first
solicit coments on proposed standards. Moreover, DOE nust design each
new standard for commercial refrigeration equipnment to achieve the
maxi mum i nprovenment in energy efficiency that is technol ogically
feasible and economically justified, and will result in significant
conservation of energy. (42 U S.C. 6295(0)(2)(A), (0)(3)) To determ ne
whet her a standard is econonically justified, DOE nust, after receiving
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comments on the proposed standard, determ ne whether the benefits of
the standard exceed its burdens to the greatest extent practicable,
considering the foll owi ng seven factors:

(1) The economic inpact of the standard on manufacturers and
consuners of each of the products subject to the standard;

(2) The savings in operating costs throughout the estimted average
life of the covered products in the type (or class) conpared with any
increase in the price, initial charges, or maintenance expenses for the
covered products which are likely to result fromthe inposition of the
st andar d;

(3) The total projected amount of energy savings likely to result
directly fromthe inposition of the standard;

(4) Any lessening of the utility or the performance of the covered
products likely to result fromthe inposition of the standard;

(5) The inpact of any | essening of conpetition, as determined in
witing by the Attorney CGeneral, that is likely to
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result fromthe inposition of the standard;

(6) The need for national energy conservation; and

(7) OGther factors the Secretary of Energy (Secretary) considers
relevant. (42 U S.C. 6295(0)(2)(B)(i)).

O her statutory requirenents are set forth in 42 U S.C. 6295
(o) (D-(2)(A, (2)(B)(ii)-(iii), and (3)-(4), and 42 U.S.C. 6316(e).

D. Background

1. History of Standards Rul emaki ng for Commercial Refrigeration
Equi prment

Section 136(c) of EPACT 2005 anended section 342 of EPCA, in part,
by addi ng new subsection 342(c)(4)(A), (42 U.S.C. 6313(c)(4)(A)) which
directs the Secretary to issue, by rule, no later than January 1, 2009,
energy conservation standards for the follow ng equi pnment, nanufactured
on or after January 1, 2012: commercial ice-creamfreezers; self-
contained commercial refrigerators, commercial freezers, and comercia
refrigerator-freezers wthout doors; and renote condensing comercia
refrigerators, commercial freezers, and comrercial refrigerator-
freezers. This equi pment, which has never before been regulated at the
Federal level, is the subject of this rul emaking.

Section 136(a)(3) of EPACT 2005 anmended section 340 of EPCA, in
part by adding the definitions for ~“comrercial refrigerator, freezer

and refrigerator-freezer,'' "“holding tenperature application,"'’
““pull-down tenperature application,'' ““renpte condensing unit,'' and
"“self-contai ned condensing unit.'"' \4\

\4\ "7 (9)(A The term conmmercial refrigerator, freezer, and
refrigerator-freezer' nmeans refrigeration equi pnent that--

(i) I's not a consumer product (as defined in section 321 of EPCA
[42 U.S.C 6291(1)]);

(ii) I's not designed and marketed exclusively for nedical
scientific, or research purposes;

(iii) Operates at a chilled, frozen, conbination chilled and
frozen, or variable tenperature;

(iv) Displays or stores nerchandi se and ot her perishable
materials horizontally, semvertically, or vertically;

(v) Has transparent or solid doors, sliding or hinged doors, a
conbi nati on of hinged, sliding, transparent, or solid doors, or no
doors;
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(vi) Is designed for pull-down tenperature applications or
hol di ng tenperature applications; and

(vii) Is connected to a self-contai ned condensing unit or to a
renote condensing unit.'' (42 U S.C. 6311(9)(A)).

"*(B) The term " hol ding tenperature application' nmeans a use of
commercial refrigeration equi pnent other than a pull-down
tenperature application, except a blast chiller or freezer.'' (42
U S. C 6311(9)(B)).

(D) The term pull-down tenperature application' neans a
conmercial refrigerator with doors that, when fully | oaded with 12
ounce beverage cans at 90 degrees Fahrenheit (F), can cool those
beverages to an average stable tenperature of 38 degrees F in 12
hours or less.'' (42 U S.C 6311(9)(D)).

""(E) The term “renote condensing unit' neans a factory-nmade
assenbly of refrigerating conponents designed to conpress and
liquefy a specific refrigerant that is renotely |located fromthe
refrigerated equi pment and consists of 1 or nore refrigerant
conpressors, refrigerant condensers, condenser fans and notors, and
factory supplied accessories.'' (42 U S.C. 6311(9)(E)).

" (F) The term “sel f-contained condensing unit' neans a factory-
made assenbly of refrigerating conponents designed to conpress and
liquefy a specific refrigerant that is an integral part of the
refrigerated equi pment and consists of 1 or nore refrigerant
conpressors, refrigerant condensers, condenser fans and notors, and
factory supplied accessories.'' (42 U S.C. 6311(9)(F)).

EPCA does not explicitly define the terns " sel f-contained
commercial refrigerator, freezer, or refrigerator-freezer'' and
"“rempte condensing conmercial refrigerator, freezer, or refrigerator-
freezer,'' which delineate two of the categories of equipnent covered
by this rul emaki ng. DOE construes these two terns to nean ~~comercia
refrigerator, freezer, or refrigerator-freezer that is connected to a
sel f-contai ned condensing unit'' and "~ comercial refrigerator,
freezer, or refrigerator-freezer that is connected to a renote
condensing unit,'' respectively.

On April 25, 2006, DOE published in the Federal Register a notice
of public neeting and availability of the Rul emaki ng Franmework for
Conmer ci al Refrigeration Equi prment Including |ce-Cream Freezers; Self-
Cont ai ned Commercial Refrigerators, Freezers, and Refrigerator-Freezers
wi t hout doors; and Renpte Condensing Conmercial Refrigerators,

Freezers, and Refrigerator-Freezers (Framework Document) that describes

the procedural and anal ytical approaches that DOE anticipates using to

eval uat e energy conservation standards for commercial refrigeration

equi prrent. 71 FR 23876. This docunment is avail able at

http://ww. eere. energy. gov/ buil di ngs/ appliance_standards/ commercial/refrigerati on_equi pnent.

htm .

DCE held a Framework public neeting on

May 16, 2006, to discuss the procedural and analytical approaches for
use in the rulemaking, and to informand facilitate stakehol ders'

i nvol vement in the rul emaki ng process. The anal ytical framework
presented at the public meeting described different anal yses, such as
LCC and PBP, the proposed nethods for conducting them and the

rel ati onshi ps anong the various anal yses. The ANOPR TSD descri bes the
anal ytical framework in detail.

Statenents received after publication of the Framework Docunent and
at the May 16, 2006, Framework public neeting hel ped identify issues
involved in this rul enaki ng and provided i nformation that has
contributed to DOE' s proposed resolution of these issues. Many of the
statenents are quoted or sunmarized in this ANOPR A parenthetica
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reference at the end of a quotation or passage provides the | ocation
index in the public record.
2. Rul emaki ng Process

Table 1.2 sets forth a |list of the anal yses DOE has conducted and
intends to conduct in its evaluation of standards for commercia
refrigeration equipnent. Until recently, DCE performed the manufacturer
i npact analysis (MA) inits entirety between the ANOPR and notice of
proposed rul emaki ng (NOPR) during energy conservation standards
rul emaki ngs. As noted in the table, DCE has perforned a prelimnary MA
for this ANOPR. DCE believes this change will inprove the rul emaking
process.

ANCPR NOPR Final Rule *
Mar ket and technol ogy Revi sed Revi sed
assessnent . ANOPR anal yses. NOPR anal yses.
Screening anal ysis..... Life-

cycl e cost sub-

group anal ysi s.
Engi neering anal ysis...

Manuf act ur er

i npact anal ysi s.

Ener gy use Uility

characteri zati on. i npact anal ysi s.

Mar kups to determ ne

equi pnent pri ce. Enpl oynent i npact
anal ysi s.

Li fe-cycle cost and

payback period anal yses. Envi ronnent a
assessnent .

Shi pnents anal ysis.....
Regul at ory i npact
anal ysi s.
Nat i onal i npact
anal ysi s.
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Prelimnary
manuf act urer inpact anal ysis.

* During the Final Rule phase, DOE considers the coments subnitted by
the U S. Departnent of Justice in the NOPR phase concerning the inpact
of any | essening of conpetition that is likely to result fromthe
i mposition of the standard. (42 U.S.C. 6295(0)(2)(B)(v)).

The anal yses in Table I.2 include the devel opment of econonmic
nodel s and anal ytical tools. If tinmely new data, nodels, or tools that
enhance the devel opnent of standards becone available, DOE will
i ncorporate theminto this rul emaking.

3. M scel |l aneous Rul emaki ng | ssues
a. Federal Preenption

During the Franework public neeting, the Air-Conditioning and
Refrigeration Institute (ARI) stated that it interpreted EPACT 2005 as
aut hori zing DOE to conduct a rul emaking for commercial refrigeration
equi prrent, and to exenpt certain categories fromthe standards DOE
adopts. (Public Meeting Transcript, No. 3.4 at p. 80) \5\ The Appliance
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St andards Awar eness Project (ASAP) responded that setting a " " no-
standard'' standard that preenpts the States is problematic. (Public
Meeting Transcript, No. 3.4 at pp. 81-82) However, ASAP agrees with

ARl 's basic view that DOE shoul d address opportunities for energy

savi ngs, and should not necessarily have standards for every unit in
the mar ket pl ace, because the objective is to save energy in a cost-
effective way. Id. The Anmerican Council for an Energy-Efficient Econony
(ACEEE), in apparent agreenent with ARl and ASAP, expressed doubt that
States woul d seek to set energy conservation standards for equi pnent
that are truly niche equiprment. (Public Meeting Transcript, No. 3.4 at
p. 82) The Alliance to Save Energy, ACEEE, ASAP, Natural Resources

Def ense Council (NRDC), Northeast Energy Efficiency Partnerships
(NEEP), and Northwest Power and Conservation Council (hereafter "~ Joint
Comment'') strongly opposed any suggestion that States be preenpted
fromsetting standards for equi pnent for which DOE does not itself set
standards. (Joint Comrent, No. 9 at p. 3) \6\

\5\ Anotation in the form “Public Meeting Transcript, No. 3.4
at p. 80" identifies an oral comrent that DOE received during the
May 16, 2006, Framework public neeting and which was recorded in the
public meeting transcript in the docket for this rul emaki ng (Docket
No. EE-2006- STD-0126), maintained in the Resource Room of the
Bui | di ng Technol ogi es Program This particular notation refers to a
comment (1) made during the public neeting, (2) recorded in docunent
nunber 3.4, which is the public neeting transcript that is filed in
the docket of this rulemaking, and (3) which appears on page 80 of
docunment nunber 3. 4.

\6\ A notation in the form " Joint Comment'', No. 9 at p. 3
identifies a witten coment that DOE has received and has incl uded
in the docket of this rul enaking. This particular notation refers to
(1) Ajoint comment, (2) in docunment nunmber 9 in the docket of this
rul emaki ng, and (3) appearing on page 3 of docunent nunber 9.

DOE is evaluating all comercial refrigeration equipnrent--i.e., al
commercial ice-creamfreezers, self-contained commercial refrigerators,
commercial freezers, and comercial refrigerator-freezers without
doors, and renpte condensing comrercial refrigerators, comercia
freezers, and commercial refrigerator-freezers--for the devel opnent of
standards. DCE will evaluate all relevant equi pnent classes during this
eval uation. This equi pment has a | arge nunmber of classes, however, and
DCE intends to prioritize the technical analyses based on shipnent data
and only to conduct a full technical analysis on classes with the
hi ghest nunbers of shipnents for this ANOPR In accordance with 42
U S C 6316(e)(1), DOCE intends to adopt standards for all equipnent for
whi ch standards woul d satisfy the criteria in 42 U S.C. 6295(0). DCE is
not aware of any basis for it to exclude fromthis rule any comercia
refrigeration equi pnrent for which a standard woul d neet the statutory
criteria above. Furthernore, the extent to which States will be barred
fromregul ating the efficiency of any conmercial refrigeration
equi prent for which the final rule in this rul enaking omts standards,
wi |l be governed by the relevant provisions of EPCA as to preenption
42 U.S.C. 6297 and 6316(e)(3)-(4).

b. State Exenptions From Federal Preenption

Sout hern Conpany Services (Southern Conpany) and Edi son Electric
Institute (EEl) believe that the standards for conmercial refrigeration
equi prrent should be a "~ 50-state'' rule w thout exenptions from Federa
preenption. They claimthat exenptions would conplicate the regul ation
of this equipnent and increase costs to both manufacturers and
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consuners. (Southern Conpany, No. 6 at p. 1 and EElI, No. 8 at p. 1)

DCE fully intends that any standards it adopts in this rul emaking
will apply uniformy in all of the States. In addition, any such
Federal standards would, on the date of publication of the final rule,
preenpt any State standards that apply to the equi pnment covered by the
Federal standards. In the event any State or |ocal standard is issued
before the date of publication of the final rule by the Secretary, that
State or |ocal standard shall not be preenpted until the Federa
standards take effect. (42 U S.C. 6297 and 6316(e)(3)(A)) However, EPCA
allows the States to petition DOE for waivers of preenption with regard
to specific State standards, and DOE to grant such wai ver applications
if the statutory criteria are met. (42 U.S.C. 6297(d)) DCE does not
have the authority to preclude States from seeki ng wai vers or to decree
in advance that it will not grant them either generally or for any
particul ar type of equi pnment.

c. Equipnent Cass Prioritization

ARl stated that it strongly recommends that DOE focus its
rul emaki ng efforts on the conmercial refrigeration equiprment classes
with the highest energy savings potential, and not spend its scarce
resources establishing standards for equiprment with limted shi pnent
vol ume and/or energy consunption. (AR, No. 7 at p. 1)

Because of the large nunmber of equi pnent classes included in this
rul emaki ng, for the ANOPR phase of the rul emaki ng DOE has focused on
conducting a thorough exam nation of the equipnent classes with the
great est energy savings potential. To determn ne which equi pnent classes
have the greatest energy savings potential, DOE relied on industry-
suppl i ed shipnent data and addressed equi pnent classes with the highest
shi prent values first. To address | ow shipnent equi pnment cl asses, DCE
could, for the NOPR phase of the rul enaking, either conduct a ful
techni cal analysis of these equipnent classes, or devel op correlations
to extend anal yses or standard |l evels. DCE explored the approach of
devel oping correl ations by conducting a " focused
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mat ched-pair analysis.'' \7\ This nethodol ogy is described in further

detail in chapter 5 of the TSD. DOE specifically seeks feedback on its
approach to equi prment-class prioritization and the approach to extend

the technical anal ysis from hi gh-shi prent equi pnment cl asses to | ow

shi pment equi prent cl asses. This is identified as Issue 1 under

" lIssues on Wich DOE Seeks Comment'' in section IV.E of this ANOPR

\'7\ The "“focused matched-pair analysis'' establishes a
correlation between rating tenperature |evels and energy consunption
by quantifying the differences in energy consunption for matched
pairs of equi pnment classes that are very simlar in features and
di mensi ons, but have different operating tenperatures.

4. Test Procedure

A test procedure outlines the method by which manufacturers will
determne the efficiency of their commercial refrigeration equipnent,
and thereby assess conpliance with an energy conservation standard.

Section 136(f)(1)(B) of EPACT 2005 anended section 343 of EPCA (42
U S.C. 6314) by adding new subsections 343(a)(6)(A)-(D) (42 U S. C
6314(a)(6) (A -(D)), which direct the Secretary to devel op test
procedures for commercial refrigeration equi pnent. On Decenber 8, 2006,
DCE published a final rule (the Decenber 2006 final rule) in which it
adopt ed American National Standards Institute (ANSI)/ ARl Standard 1200-
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2006, Performance Rating of Commercial Refrigerated Display

Mer chandi sers and Storage Cabinets, with one nodification, as the DOE
test procedure for this equipnent. 71 FR 71340, 71369-70.\8\ ANSI/ARI
St andard 1200- 2006 contains rating tenperature specifications of 38
[deg]F (2 [deg]F) for conmercial refrigerators and

refrigerator conpartnments, O [deg]F (2 [deg]F) for

commercial freezers and freezer conpartnents, and -5 [deg] F (< pl us-
m nus>2 [deg]F) for commercial ice-creamfreezers, and requires
performance tests to be conducted according to the Anerican Society of
Heating, Refrigerating, and Air-Conditioning Engi neers (ASHRAE)

St andard 72-2005, Method of Testing Conmercial Refrigerators and
Freezers, test method. The one nodification DOE nade in adopting ANSI/
ARl Standard 1200- 2006 was to adopt in the final rule -15 [deg]F

(2 [deg]F) as the rating tenperature for conmmrercial ice-

cream freezers, instead of -5 [deg]F (2 [deg]F). 71 FR

71370. In addition, DOE adopted ANSI/Association of Home Appliance
Manuf acturers (AHAM Standard HRF- 1-2004, Energy, Performance and
Capacity of Household Refrigerators, Refrigerator-Freezers and
Freezers, for determ ning conpartment volunes for this equipnent. 71 FR
71369- 70.

\8\ DCE incorporated by reference the ANSI/ARl Standard 1200-
2006 test procedure in section 431.64 of 10 CFR Part 431. 71 FR
71340 (Decenber 8, 2006).

As nmentioned above, on April 25, 2006, DCE published a Franmework
Docunment that describes the procedural and anal yti cal approaches to
eval uat e energy conservation standards for commercial refrigeration
equi prrent and presented this analytical framework to stakehol ders
during the Framework public meeting held on May 16, 2006. During the
Framewor k public neeting, the Food Products Association (FPA)
suggested, in lieu of clinmate-adjusted standards, climte conditions be
part of the test method. FPA stated that DCE should specify the range
of conditions that are expected for efficiency testing, and pointed out
that nost grocery stores across the country operate in a 65 [deg]F to
70 [deg] F range. (Public Meeting Transcript, No. 3.4 at pp. 158-159)
ANSI / ARl St andard 1200- 2006 requires that testing be in accordance with
ASHRAE St andard 72-2005, which requires anmbient conditions during
testing of 75.2 [deg]F (1.8 [deg]F) for dry bulb
tenperature and 64.4 [deg]F (1.8 [deg]F) for wet bulb
tenperature. Although this is not the range recommended by FPA, it is
close to FPA's recommended range, these tenperatures have been widely
used for testing comrercial refrigeration equipnent, and they provide
anbi ent test tenperatures that are typical of the conditions in which
this equi pnent generally operates. Therefore, DOE s test procedure for
commercial refrigeration equi pnent does include anbient rating
conditions that represent normal operation conditions for commerci al
refrigeration equi pnent.

During the Franework public neeting and Franework comment period,
DCE received comrents on the inclusion of " “application tenperatures'
for comercial refrigeration equipnent, which are rating tenperatures
other than the standard rating tenperatures prescribed by DOE s test
procedures (38 [deg]F for comercial refrigerators, 0 [deg]F for
commercial freezers, and -15 [deg]F for conmercial ice-creamfreezers).
Hi || Phoenix stated that manufacturers of commercial refrigeration
equi prent occasional |l y produce a piece of equi pnent (usually at the
custoner's request) that is designed to operate at a tenperature
significantly different fromone of the three standard tenperatures.
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(Public Meeting Transcript, No. 3.4 at pp. 74-76) ARl commented that
DCE shoul d anal yze the shi pment data and deterni ne whether it would be
wort h regul ati ng equi pnent that operates at application tenperatures if
shi pments for these units are very low. (Public Meeting Transcript, No.
3.4 at p. 79) ARl also asserted that allow ng for an application
tenperature category is essential because operating tenperature plays a
key role in equi pment energy consunption. (AR, No. 7 at p. 4) The
Joint Comment pointed out that the application tenperature category
shoul d be reserved for equi pnent that cannot operate at O [deg]F or at
38 [deg] F, that DCE should not regul ate equi prent that has a small

shi pments vol une, and that appropriate Federal standards and rating

t enper at ures shoul d be devel oped if shipnments are large. (Joint
Comment, No. 9 at p. 3)

DCE anal yzed the shipnments data provided by ARl during the
Framewor k conment period. Excludi ng equi pnent for which EPACT 2005
anended EPCA to set standards (self-contained commercial refrigerators
and conmercial freezers with doors), there were 170,949 units of renote
condensi ng conmercial refrigerators and conmercial freezers, self-
contai ned commercial refrigerators and comercial freezers w thout
doors, and conmercial ice-creamfreezers shipped in 2005. Shipnents of
commercial refrigerator-freezers were not reported, but are considered
to be very small. O the total shipments (both self-contained and
renote condensing), only 1.7 percent were equi pnent that operate at 45
[deg] F, 20 [deg]F, 10 [deg]F, or -30 [deg]F (application tenperatures),
and 98. 3 percent were equi pnment that operate at 38 [deg]F, O [deg]F, or
-15 [deg]F. By far, the application tenperature with the |argest nunber
of units shipped is the 45 [deg] F category (typically " w ne
chillers''), and these were predoninately renote condensing equi prent.
There were 1,834 units of renote condensing wine chillers shipped in
2005. Conparatively, in 2005 there were 85,001 units of renote
condensing refrigerators that operate at 38 [deg]F.

As stated above, DOE s test procedure for commercial refrigeration
equi prent requires that all equi pnment, including equipnment designed to
operate at application tenperatures, be tested at one of the three
rating tenperatures: 38 [deg]F for refrigerators, 0 [deg]F for
freezers, and -15 [deg]F for ice-creamfreezers. Gven the relatively
| ow shi prrent vol umes of equi prent that operates at application
temperatures, as well as DOE s understanding that some of this
equi prent al ready can operate and be tested at one of the standard
rating tenperatures and that manufacturers mght be able to redesign
ot her equipnment in relatively mnor ways to have these capabilities,
DOE believes this requirenent will not place an
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unr easonabl e burden on nanufacturers. In addition, if necessary,

manuf acturers coul d seek waivers fromthe DOE test procedure, pursuant
to 10 CFR 431.401. For these reasons, DOE does not intend to devel op
separ ate standards for equi pnent that operates at application

t enper at ur es.

I'l. Commercial Refrigeration Equi prent Anal yses

This section addresses the anal yses DOE has performed and intends
to performfor this rul emaking. A separate subsection addresses each
anal ysis, and contains a general introduction that describes the
anal ysis and a discussion of comments received frominterested parti es.

A. Market and Technol ogy Assessnent

When DOE begins a standards rul emaking, it devel ops information
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that provides an overall picture of the market for the equi pment
concerned, including the nature of the equipnent, the industry
structure, and the market characteristics for the equipnent. This
activity consists of both quantitative and qualitative efforts based
primarily on publicly available information. The subjects addressed in
the market and technol ogy assessnent for this rul emaki ng incl ude
definitions, equipnent classes, manufacturers and market shares,
shi pments of covered equi prent, regulatory and non-regul atory prograrns,
and technol ogi es that could be used to inprove the efficiency of
covered comercial refrigeration equipnment. This infornmation serves as
resource naterial for use throughout the rul emaking.
1. Definitions of Conmmercial Refrigeration Equi pnment Categories
Section 136(c) of EPACT 2005 anended section 342 of EPCA to include
new subsection (c)(4)(A), which mandates that DOE issue standards for
three categories of comrercial refrigerators, comercial freezers, and
commercial refrigerator-freezers.\9\ Accordingly, pursuant to this
provi sion, the three categories of equipnent addressed by this
rul emaki ng are: renote condensing commercial refrigerators, conmercia
freezers and commercial refrigerator-freezers; self-contained
commercial refrigerators, conmercial freezers, and comercia
refrigerator-freezers without doors; and conmmercial ice-creamfreezers.
These categories of equipnent are referred to collectively as
““commercial refrigeration equi pment.’

\9\ ““Commercial refrigerators, conmercial freezers, and
comrercial refrigerator-freezers'' is a type of covered comrerci al
equi prrent . For purposes of discussion only in this proceedi ng, DOE
uses the term  “categories'' to designate groupings of " comrercia
refrigeration equi pnent.'' The categories of equipnent are: self-
contai ned commercial refrigerators, commercial freezers, and
conmercial refrigerator-freezers without doors; renote condensing
commercial refrigerators, comercial freezers, and commercia
refrigerator-freezers; and commercial ice-creamfreezers. DOE will
anal yze specific equi pment classes that fall within these genera
categories and set appropriate standards.

a. Coverage of Equi pnent Excluded From American National Standards
Institute/ Air-Conditioning and Refrigeration Institute Standard 1200-
2006

During the Franmework comment period, ARl stated that the ANSI/ AR
St andard 1200- 2006 test procedure specifically excludes ice-cream
" di pping cabinets,'' but recomended that DCE include this equipnent
under this rul emaking as commercial freezers. (AR, No. 7 at p. 3) AR
al so appeared to suggest, however, that this and certain other
equi prent excl uded from ANSI/ ARl Standard 1200- 2006, such as flora
mer chandi sers, are excluded from coverage under EPCA because they are
not consi dered commercial display merchandi sers or storage cabinets.
(AR, No. 7 at p. 7)

EPCA directs DOE to set standards for commercial refrigeration
equi prrent (i.e., the three categories of equipnent identified above).
Any equi pment that neets the EPCA definition of a ~ conmerci al
refrigerator, freezer, or refrigerator-freezer'' (see section |I.D and
the preceding section) and falls under one of these three categories
will be covered by this rul emaking. In the Decenber 2006 final rule,
DCE i ncorporated by reference certain sections of ANSI/ARl Standard
1200- 2006 as the test procedure for conmercial refrigeration equipnent,
but did not reference section 2.2, which provides exclusions for
certain equi pment such as ice-creamdipping cabinets and floral display
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mer chandi sers. The equi prent excluded in this section of ANSI/ARI
St andard 1200-2006 will only be excluded fromthis rulemaking if they
do not neet the EPACT 2005 definition of a ~ comercial refrigerator,
freezer, or refrigerator-freezer.'
b. Coverage of Equi prent Not Designed for Retail Use

During the Framework comment period, several stakehol ders comented
on whet her this rul emaking applies to equi pment not designated for
retail use. FPA commented that DCE needs to distinguish between
““industrial'' and ““commercial.'' FPA believes that the EPCA
requi rements for comercial refrigeration equipnment were intended for
“Tpoint-of-sale'' equipnent that is found in convenience stores and
super markets. FPA continued that, in the food industry,
““refrigeration'' includes the industrial equipnment found in
manuf acturing and processing facilities, not just the equipnent in
retail stores. (Public Meeting Transcript, No. 3.4 at pp. 23-24)
Sout hern Conpany stated that the | anguage "~ “storing or displaying or
dispensing'' in DCE's definition of “~“ice-creamfreezer'' is anbiguous
because it could include sone industrial equipnment the size of a
tractor-trailer conmpartment. Southern Conpany believes there needs to
be I anguage to clarify that this rul emaki ng covers equi pnent used at
the retail level. (Public Meeting Transcript, No. 3.4 at pp. 35-36)
Sout hern Company and EElI both stated that a literal reading of DOE s
proposed equi pnent cl asses appears to include industrial refrigeration
equi prrent, which is not used for the display of nmerchandise for sale to
the consuner. Southern Conpany and EEl believe that the inclusion of
this equi prent woul d unnecessarily conplicate the anal ysis and the
devel opment of test procedures. They also stated that this equipnent is
not covered by EPCA and only commercial equi pnent is covered. They
suggest that DCE define which equi pnent is for conmercial purposes and
which is for industrial purposes. Southern Conmpany and EEl suggest that
DOE define comercial refrigeration equipnent as ~“refrigeration
equi prrent which would normally be used in a comercial business which

sells products to ultimte consuners.'' Further, the definition
““shoul d not include equiprment which is nornmally used only in
refrigerated warehouses or manufacturing facilities.'' (Southern

Conpany, No. 6 at pp. 1-2; EEl, No. 8 at p. 1)

DCE understands that industrial refrigeration equi pmrent consists of
equi prrent used to process, manufacture, transport, or store chilled or
frozen food and other perishable itens. Industrial refrigeration
equi prrent used to process or manufacture chilled or frozen food
primarily includes equi pnent used to flash-freeze or chill food on an
assenbly line or in a batch manufacturing process. Industrial
refrigeration equi prent used to transport chilled or frozen food or
ot her perishable itens primarily includes refrigerated rail cars and
tractor-trailers. In industrial buildings, tenporary storage of chilled
or frozen food is al so necessary, as the manufactured product is often
hel d at
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the manufacturing facility for processing or while awaiting transport.
Industrial refrigeration equipnment used to store chilled or frozen food
is acconplished with refrigerated warehouses and/or refrigerated wal k-
inroons (" "walk-ins'').

The term “commercial refrigerator, freezer, and refrigerator-
freezer'' is defined as refrigeration equipnment that, in part,
" displays or stores nerchandi se and other perishable naterials'' (see
section |.D of this ANOPR). DCE interprets this |anguage to nmean that
equi prent used in the processing, manufacture or transport of chilled
or frozen food is not considered conmercial refrigeration equi pment
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because it is not used to " display or store. However, equi prment that
is used to store chilled or frozen food is considered covered

equi prrent . Thi s | anguage does not make nention of the intended
destination of the equipnent, so DCE believes that wal k-ins are covered
under the definition because they store chilled or frozen food,
regardl ess of whether the application is comrercial or industrial
However, it is unclear whether this rul emaki ng woul d be the appropriate
pl ace to address wal k-ins. The test procedures for self-contained
commercial refrigerators, commercial freezers, and comercia
refrigerator-freezers with doors specified in EPCA section
343(a)(6) (A (ii) specifically exclude wal k-ins and therefore DCE
believes that the standards in EPCA sections 342(c)(2) and (3) do not
apply to wal k-ins. Since the test procedures DCE adopted for equi pnent
covered under this rul enaki ng al so specifically exclude wal k-ins, DCE
believes that the standards being developed in this rul emaki ng under
EPCA section 342(c)(4)(A) also do not apply to wal k-ins.\10\ DCE coul d,
however, address wal k-i ns under EPCA section 342(c)(4)(B), which states
that DOE nmay issue standard levels, by rule, for other categories of
commercial refrigerators, conmercial freezers and conmercia
refrigerator-freezers.

c. Renote Condensing Conmmercial Refrigerators, Commrercial Freezers, and
Conmmer ci al Refrigerator-Freezers
Under EPCA, this equipnment includes conmercial refrigerators,

commercial freezers, and comercial refrigerator-freezers that have a
renote condensing unit, except for any renpte condensi ng equi pnent that
woul d neet DOE's definition of “~“ice-creamfreezer'' as set forth at 10
CFR 431.62, 71 FR 71369.\11\ This equipnent is typically used to store
and di splay nerchandise for direct sale to the consumer, and referred

to as "~ “display cases,'' " “display cabinets,'' or " nerchandisers.’'
The renote condensing unit has at |east one conpressor and a condenser
coil, and nobst renote condensing units consist of nmultiple conpressors

(a conmpressor " “rack'') that serve nultiple display cases.

\ 11\ The EPCA provision that requires this rulemaking identifies
“Yice-creamfreezers'' separately from  “self-contai ned conmerci al
refrigerators, commercial freezers, and conmercial refrigerator-
freezers without doors'' and " “renote condensi ng conmerci al
refrigerators, conmercial freezers, and conmercial refrigerator-
freezers.'' (42 U.S. C 6313(c)(4)(A), added by EPACT 2005, section
136(c)) Since the Act neither specifies nor indicates that ""ice-
creamfreezers'' are linmted to equipnent with a particular type of
condensing unit (i.e., renote or self-contained), equipnent that has
a renote condensing unit and al so neets DOE's definition of "“ice-
cream freezer'' would be considered an " "ice-creamfreezer."'

EPCA does not specifically define the term " commrerci al
refrigerator-freezer,'' nor is DOE aware of an existing, witten
definition for such equipnent. Therefore, in its Framework Docunent,
DOE sought feedback on use of the definition of ““electric
refrigerator-freezer'' for consumer products (set forth in 10 CFR
430.2) as a basis for defining the term  "renote condensing comerci a
refrigerator-freezer.'' (As discussed bel ow, DCE al so sought input on
using this definition as a basis for defining self-contained commercia
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refrigerator-freezers.) The consumer product definition in 10 CFR 430.2
states that ~“electric refrigerator-freezer neans a cabi net which
consists of two or nore conpartments with at | east one of the
conpartments designed for the refrigerated storage of food at
tenperatures above 32[deg]F. [sic] and with at | east one of the
conpartments designed for the freezing and storage of food at
tenperatures below 8[deg]F. [sic] which may be adjusted by the user to
a tenmperature of O[deg]F. [sic] or below The source of refrigeration
requires single phase, alternating current [(AC)] electric energy input
only."" During the Framework comment period, three stakehol ders
commented on this definition. (AR, No. 7 at p. 3; Public Meeting
Transcript, No. 3.4 at p. 45; and Public Meeting Transcript, No. 3.4 at
pp. 50-53) ARl and Zero Zone believe the definition is inappropriate
for commercial equipnent. ARl proposed that a renpte condensing
commercial refrigerator, freezer, or refrigerator-freezer be defined as
"“a cabinet cooled by a renote refrigerating systemfor displaying and/
or storing chilled and/or frozen food to be maintained within
prescribed tenperature limts. The cabinet is connected to one or nore
power sources ranging from 120 to 240 volts AC.'' (ARI, No. 7 at p. 3)
During the Franework public neeting, ASAP indicated that DOE shoul d

| ook at the detailed definition given in EPACT 2005 for refrigerator-
freezers. (Public Meeting Transcript, No. 3.4 at p. 53)

Based on the comrents, DOE now believes that it need not adopt a
definition of ““renote condensing comercial refrigerator-freezer.'

The comments by Zero Zone indicate the difficulties of adapting the
residential product definition of refrigerator-freezer to the
commercial setting. ARl did not comment on the need for a definition of
commercial refrigerator-freezer discrete fromdefinitions of
refrigerator and freezer, and its suggested definition of "~ conmmercia
refrigerator, conmercial freezer, and conmercial refrigerator-freezer'
both duplicates and, in sone ways, is inconsistent with the EPCA
definition of this term For exanple, one inconsistency is that the ARl
definition states that the cabinet is connected to one or nore power
sources ranging from 120 to 240 volts AC, whereas the EPCA definition
does not have any requirenents for power sources. Further, ASAP did not
address the fact that the definition in EPACT 2005 does not distinguish
refrigerator-freezers fromrefrigerators and freezers. The comments by
ARl and ASAP, however, indicate that they believe DOE does not need to
adopt a separate definition for refrigerator-freezers.

DOE intends to rely here on the definition of ~ comrercia
refrigerator, freezer, and refrigerator-freezer'' in EPCA (42 U S.C
6311(9) (A), added by EPACT 2005, section 136(a)(3)), and on its
under st andi ng of the well-accepted neaning of "“refrigerator-freezer.'
Thus, DCE construes the EPCA term " “renpte condensing comercia
refrigerator-freezer'' (see 42 U S.C 6313(c)(4)(A), added by EPACT
2005, section 136(c)) to nmean refrigeration equi pnment that operates at
both chilled and frozen tenperatures and that is connected to a renote
condensing unit. This termrefers to equipnent with two or nore
separate conpartments, at |east one of which is capable of maintaining
food or other perishable itens at tenperatures above freezing and at
| east one of which maintains its contents frozen. By contrast,
refrigerators operate only at tenperatures above freezing, and freezers
only at or below freezing tenperatures.

In its Framework Docunent, DCE pointed out that EPCA defines a
"“self-contained condensing unit,'' in part, as an assenbly of
refrigerating conmponents "“that is an integral part of the refrigerated
equi prent * * * ' (42
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U S C 6311(9)(F), added by EPACT 2005, section 136(a)(3)) EPCA al so
defines a ““renpte condensing unit,'' in part, as an assenbly of
refrigerating conponents ““that is renpotely located fromthe
refrigerated equipnment * * * '' (42 U S. C. 6311(9)(E), added by EPACT
2005, section 136(a)(3)) DOE al so stated in the Framework Docunent t hat
this difference in the definitions may nean that, under EPCA, renote
condensing units are not a part of the refrigerated equi pment and that
energy conservation standards for renote condensi ng conmercia
refrigerators, commercial freezers, and comrercial refrigerator-
freezers would apply only to the refrigerated equi pnent (i.e., storage
cabi nets and di splay cases), but not to the renote condensing units.
DCE specifically requested stakehol der conments on this topic.

ARl asserted that it was responsible for the | anguage in EPACT 2005
on this subject and the intent was to cover the display case and
storage cabinet only, not the renote condensing unit. (Public Meeting
Transcript, No. 3.4 at pp. 47-48, 49) ACEEE responded by stating that
it may be worth trying to cover the renbte condensing unit so that the
whol e systemis regulated. (Public Meeting Transcript, No. 3.4 at p.
48) Zero Zone pointed out that regulating the rempte condensing unit
woul d prove to be difficult because of the wi de range of design
differences in conpressors and condensing units, and recommended not
regul ati ng them now. (Public Meeting Transcript, No. 3.4 at p. 48) AR
stated that it agreed with DOE's interpretation of EPACT 2005 that the
rul emaki ng should be Iimted to the refrigerated display nerchandisers
and storage cabinets only. Furthernore, AR asserted that including the
renote condensing unit in this rul emaki ng would significantly
complicate the analysis and likely delay the conpletion date, and it
reconmended that DOE reassess the situation in the future to determ ne
whet her energy conservation standards should be established for renmote
condensi ng equi pnment. (AR, No. 7 at p. 3) Finally, the Joint Conment
stated that DOE shoul d cover renote condensing units under this
rul emaki ng because it would provide nore opportunity for energy savings
and for manufacturers to trade off performance between different parts
of the system However, if DOE determines that including the entire
systemin this rulemaking is inpractical, then the balance of the
system shoul d not be included under "~“covered'' equiprent for now, but
i nstead, DCE shoul d consi der such coverage in a subsequent revision to
the standard. (Joint Comment, No. 9 at p. 5).

Clearly, stakeholders differed on whether a renpote condensing unit
is considered part of the equipnment to which it is connected, and
whet her such units are covered by the EPCA directive that DOE set
standards for renote condensing conmercial refrigerators, comrercial
freezers, and commercial refrigerator-freezers. (42 U.S.C
6313(c) (4) (A), added by EPACT 2005, section 136(c)) ARl indicated that
it believes EPCA does not authorize application of standards to renote
condensing units, while ACEEE and the Joint Comment argued that renote
condensing units shoul d be covered but not necessarily in this
rul emaki ng. However, DCE agrees with the stakehol ders who stated that
i ncluding renmote condensing units in the present rul emaki ng woul d
significantly conplicate the rul emaki ng. There woul d be nmany
difficulties in establishing standards for the display cases and the
renote condensing units as a system For exanple, display cases and
renote condensing units are typically purchased fromdifferent
manuf acturers and installed at the site. Miltiple display cases nay be
connected to one or nore renote condensing units through an extensive
network of refrigerant piping. Since each systemis custom designed for
its location, each individual systemw Il have uni que aspects to its
design and operation (e.g., nunber of display cases, variation in
tenperature control, use of heat recovery, etc.). Further, because the
i ntended configuration of the final systemdesign is not known when the
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components are manufactured, it would be difficult, if not inpossible,
to set an energy conservation standard for the entire systemat the
poi nt of manufacture.

For these reasons, the energy conservation standards DCE intends to
develop in this rul emaking for renote condensi ng conmerci al
refrigeration equipnent will apply to display cases only, not to the
renote condensing units. DOE will address at a later tine whether and
to what extent it has the authority to regulate renote condensing units
and, if so, whether standards that address these units are warranted
and feasi bl e.

d. Secondary Cool ant Applications

In its Framework Docunent, DOE stated that it construed the
| anguage in section 136(a)(3) of EPACT 2005, 42 U.S. C 6311(9)(A) (vii),
the definition for ~“commercial refrigerator, freezer, and
refrigerator-freezer,'' to nean that so-called " secondary-cool ant
applications'' are not covered under this rul emaki ng. DOE stated that
it believed this interpretation of EPACT 2005 was consistent with ANSI/
ARl Standard 1200-2006, which explicitly excludes secondary-cool ant
appl i cati ons.

During the Framework comment period, several stakehol ders comented
on the coverage of equipnment that uses secondary cool ant systens.\ 12\
ACEEE stated that DCE should have a broad scope of coverage and shoul d
in general cover as nmuch as possible in the rul emaking. (Public Meeting
Transcript, No. 3.4 at p. 26) ARl stated that it agrees with the
interpretati on DOE expressed in the Framework Docunent that secondary
cool ant applications should not be covered under this rul emaki ng. AR
expl ai ned that these systens represent a very snall percentage of
currently installed commercial refrigeration systens in the United
States, and that there are no test procedures currently available for
measuring the energy consunption of such systens. AR noted, however,
that DOE should revisit the secondary cool ant issue in the next three
to four years. (AR, No. 7 at p. 2) H Il Phoenix stated that based on
its experience, display cases that use secondary cool ant nake up |ess
than five percent of what it sells and that this statistic is probably
representative of the market in general. (Public Meeting Transcript,
No. 3.4 at p. 30) Further, Southern Conpany stated, and EEl agreed,
that it opposes the inclusion of secondary-cool ant systens in this
rul emaki ng because of timng and conplexity. Since ANSI/ARH Standard
1200- 2006 excl udes secondary-cool ant applications, their inclusion
woul d conplicate the devel opnment of a test procedure for conmercia
refrigeration equi pnent. Al so, Southern Conpany and EEI oppose the
i nclusion of secondary cool ant systens based on the small size of the
secondary cool ant nmarket. (Southern Conpany, No. 6 at p. 2 and EElI, No.
8 at p. 1) The Joint Conment stated that they do not object to DOE s
interpretation that secondary-cool ant equi pnent i s not covered under
this rul emaki ng, provided that this equipment in fact accounts for no
nore than five percent of renote equi pnent sold, as asserted by Hil
Phoeni x. (Joint Comment, No. 9 at p. 5)

\' 12\ Secondary cool ant systens use a direct expansion
refrigeration cycle to cool a secondary single-phase fluid, which is
punped to heat exchangers in renote condensing display cases and is
used to cool food or other perishable itens.

Section 340(9)(A)(vii) of EPCA (42 U S.C. 6311((9)(A)(vii), added
by EPACT 2005, section 136(a)(3)), states that the term ~commercia
refrigerator, freezer,
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and refrigerator-freezer neans equi pnent that “~“is connected to a self-
contai ned condensing unit or to a renote condensing unit."'' (See
section I.D.1 of this ANOPR ) In the Framework Docunent, DCE stated
that it construes this | anguage to nean that secondary cool ant
applications are not covered under this rulemaking. As indicated in the
Framewor k Docunent, equi pnent using such applications are not directly
connected to a self-contained or renote condensing unit. DOCE further
stated that it believed its interpretation to be consistent with ANSI/
ARl Standard 1200-2006. DCE has considered the comments it received,
but continues to believe that the | anguage in section 340(9) (A)(vii) of
EPCA neans that equi pnent using secondary cool ant systens are not
covered under this rul enaki ng because they are not directly connected
to a self-contained or renpte condensing unit and, therefore, do not
fit within the definition of “~ commercial refrigerator, freezer, and
refrigerator-freezer'' in EPCA

e. Self-Contained Comrercial Refrigerators, Commercial Freezers, and
Commerci al Refrigerator-Freezers Wthout Doors

Under EPCA, this equipnment includes all types of commercia
refrigerators, conmercial freezers, and conmercial refrigerator-
freezers that have a sel f-contai ned condensing unit and have no doors,
except for self-contai ned equi pnment that nmeets DOE' s definition of
“‘ice-creamfreezer'' as set forth at 10 CFR 431.62. 71 FR 71369. As
with rempte condensi ng equi pnent, self-contained equi pnment is typically
used to store and display nerchandise for direct sale to the consuner,
and is commonly referred to as a " "refrigerated display case,"’
““display cabinet,'' or "“nmerchandiser.'' Self-contained equiprment is
defined as having an integral condensing unit (i.e., the condensing
unit is not renote fromthe refrigerated cabinet). (See 42 U S.C.
6311(9) (F), added by EPACT 2005, section 136(a)(3)) The 2006 ASHRAE
Refrigerati on Handbook (see chapter 47, p. 47.1) defines " “reach-in'
refrigerators or freezers as being upright and box shaped, and havi ng
hi nged or sliding doors. Gven this definition, self-contained reach-in
commercial refrigerators, commercial freezers, and commercia
refrigerator-freezers (i.e., self-contained units with doors) are not
covered in this rul emaki ng because the rul emaking only covers self-
cont ai ned equi pnent wi t hout doors.

In its Framework Docunent, as with the term “renpte condensing
commercial refrigerator-freezers,'' DOE sought feedback on use of the
definition of "“electric refrigerator-freezer'' for consuner products
(as set forth in 10 CFR 430.2) as a basis for defining the term “self-
contained commercial refrigerator-freezer.'' The coments on this
subj ect were virtually identical to those received with respect to the
renot e condensi ng equi pnent, which are discussed above in section
I1.A 1.c, and DCE has reached the same conclusion here as it reached
with respect to that equi pment. Specifically, DOE does not intend at
this point to adopt a definition for " “self-contained comercia
refrigerator-freezer without doors.'' Rather, DCE intends to rely on
EPCA' s definition of “~“commercial refrigerator, freezer, and
refrigerator-freezer,'' and on its understanding of the well-accepted
nmeani ng of ““refrigerator-freezer.'' DOE construes the EPCA term
““self-contained comrercial refrigerator-freezer wi thout doors'' (see
42 U . S.C. 6313(c)(4) (A, added by EPACT 2005, section 136(c)) to nean
refrigeration equi pnent that operates at both chilled and frozen
temperatures, is connected to a self-contained condensing unit, and has
no doors. Such equi prent has two or nore separate conpartnents, at
| east one of which is capable of naintaining food or other perishable
itenms at tenperatures above freezing and at |east one of which
mai ntains its contents frozen
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f. Commercial |ce-Cream Freezers

The EPCA provision that requires this rulenmaking identifies "““ice-
cream freezers'' separately from  “sel f-contai ned commerci al
refrigerators, freezers, and refrigerator-freezers w thout doors'' and
““renpte condensing conmercial refrigerators, freezers, and
refrigerator-freezers.'' (42 U. S.C. 6313(c)(4)(A), added by EPACT 2005,
section 136(c)) EPCA neither specifies nor indicates that "~ ice-cream
freezers'' are |limted to equipnment with a particul ar door
configuration (e.g., with or without doors) or type of condensing unit
(i.e., renote or self-contained). Thus, pursuant to EPCA's definition
of ““commercial refrigerator, freezer, and refrigerator-freezer'' (42
U S C 6311(9)(A), added by EPACT 2005, section 136(a)(3)), DCE
bel i eves comrercial ice-creamfreezers include equipnent with all door
types (i.e., solid doors, transparent doors, or no doors) and
configurations (e.g., vertical or horizontal), as well as equi prment
with either integral or renote condensing units (i.e., self-contained
or renote condensing).

During the Framework comment period, several stakehol ders comented
on the definition of comrercial ice-creamfreezer. ARl stated that the
maj ority of equipment intended for ice creamoperates at -5 [deg]F or O
[deg]F, with a minority that operates at -30 [deg]F, and stated that
DOE shoul d focus on those ice-creamfreezers with high shipnent
vol unes. (Public Meeting Transcript, No. 3.4 at pp. 32-33) Zero Zone
stated that there are many interpretati ons of what an ice-creamfreezer
is. Zero Zone asserted that California and Canada define an ice-cream
freezer ““along the lines of a dipping cabinet.'' (Public Meeting
Transcript, No. 3.4 at p. 35) Zero Zone further commented that the
di splay-type freezers it sells for ice creamand frozen food are the
same, that these cases have adjustable tenperatures, and that the user
sets the tenperature of the equipnment a little [ower when it uses the
equi prrent for ice cream Typically, the equi pnent has two ratings, one
for use of frozen food and for ice cream because custonmers want to
know the energy use for each. Zero Zone al so characterized as "~ “true
i ce-cream cabinets'' those which have specific functions for the
processi ng and storage of ice cream rather than its display, and
asserted that conparatively few of these are sold. (Public Meting
Transcript, No. 3.4 at p. 38) Zero Zone asserted that the term "ice-
cream freezer'' cannot be specifically defined because ice cream can be
stored or displayed in a nunber of cabinets that have different cabinet
styles and that may al so be used to store other, non-ice-cream
equiprment. In addition, it stated that not all ice creamis stored at
the same tenperature. Zero Zone recomended that freezers be divided
into three categories: ice-creamdipping cabinets, 0 [deg]F to -15
[deg] F, and below -15 [deg]F. (Zero Zone, No. 5 at p. 1) Hi Il Phoenix
stated that its freezer cases also can operate at either 0 [deg]F or -5
[deg]F, but there is no distinction in the design of the case used for
ice creamand that used for frozen food, only in how the custoner uses

it. H Il Phoenix added that because these two tenperatures are so
close, there is a |linear relationship between tenperature and energy
usage. Hill Phoenix also stated there is a category of cases that

operate at -15 [deg]F to -30 [deg]F, called " hardening' ' cabinets,

whi ch have a different design than typical freezer cases. (Public
Meeting Transcript, No. 3.4 at p. 41) Both Sout hern Conpany and EEI
stated that it is inportant that DOE devel op definitions for comrercia
freezer and ice-creamfreezer that are all-inclusive, and do not |eave
any | oopholes for States to regulate. (Southern Conpany, No. 6 at p. 2;
EEI, No. 8 at p. 1) ARl stated that there is very little difference
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bet ween freezers designed to operate at 0 [deg]F and -5 [deg]F, both in
terns of features and in terns of energy consunption. AR added that a
recent survey of its nenbers revealed that a significant nunber of ice-
cream freezers operate at -15 [deg]F. It requested that freezers that
operate at -5 [deg]F be included in the freezer category. ARl intends
to amend ANSI/ ARl Standard 1200-2006 to reflect an ice-cream freezer
temperature of -15 [deg]F. In addition, AR proposed that specialty
freezers, such as hardeni ng cabinets that operate far bel ow the ice-
cream freezer tenperature, be excluded fromthis rul emaking. (AR, No.
7 at p. 2) The Joint Coment agreed with ARl that freezers that operate
at -5 [deg]F be tested at 0 [deg]F, and that testing at -5 [deg]F w Il
only be for information purposes, not for setting standards. (Joint
Comment, No. 9 at p. 3)

As part of the Decenber 8, 2006 final rule, in which it adopted
test procedures for conmercial refrigeration equipnment, DCOE adopted the
following definition for "~ “ice-creamfreezer:'' "~“a comnmercial freezer
that is designed to operate at or below -5 [deg]F (-21 [deg] © and that
the manufacturer designs, markets, or intends for the storing,

di spl ayi ng, or dispensing of ice cream'' 71 FR 71369; 10 CFR 431. 62
In addition, this final rule prescribed the rating tenperature at -15
[deg] F for ice-creamfreezers. 71 FR 71370; 10 CFR 431. 64.

Under this definition, unless equipnent is designed, nmarketed, or
i ntended specifically for the storage, display or dispensing of ice
cream it would not be considered an " “ice-creamfreezer.'' Milti-
pur pose commerci al freezers, manufactured for storage and display, for
exampl e, of frozen foods as well as ice creamwould not nmeet this
definition, and DCE would not treat themas comercial ice-cream
freezers in this rulemaking. This is in accord with the conrents |isted
above, which indicated that DCE should not classify such freezers as
i ce-cream freezers. On the other hand, any conmercial freezer that is
specifically manufactured for storing, displaying or dispensing ice
cream and that is designed so that in nornmal operation it can operate
at or below -5 [deg]F (-21 [deg]C), would neet the definition. This
i ncl udes equi pnent that sone stakeholders referred to as true ice-cream
cabi nets--freezers designed to operate considerably below -5 [deg] F and
that are sonetines referred to as ~ " hardening'' cabinets and are
specifically designed for ice creamstorage, for exanple--as well as
those i ce-cream di ppi ng cabinets that are designed to operate at | east
to sone extent below -5 [deg]F. DCE intends to classify and address
these types of equi pnent as commercial ice-creamfreezers in this
rul emaki ng.

2. Equi prent d asses

In general, when eval uating and establishing energy conservation
st andards, DCE divi des covered equi pment into equi pment classes by the
type of energy used, capacity or other performance-rel ated features
that affect efficiency, and factors such as the utility of the
equi prent to users. (See 42 U . S.C. 6295(q).) Different energy
conservation standards nay apply to different equi pment cl asses.

Commercial refrigeration equi pnent can be divided into various
equi prrent cl asses categorized by physical characteristics that affect
the efficiency of the equipment. Mst of these characteristics affect
the nmerchandi se that the equi prent can be used to display, and how t hat
mer chandi se can be accessed by the custoner. Key physi cal
characteristics are the operating tenperature, the presence or absence
of doors (i.e., closed cases or open cases), the type of doors used
(i.e., transparent or solid), the angle of the door or air curtain
(i.e., horizontal, senivertical, or vertical) and the type of
condensing unit (i.e., renote or self-contained). AR agreed that
definitions for the terns horizontal, semvertical, and vertical be
based upon the angle of the air curtain. (ARI, No. 7 at p. 7)
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DCE could not identify an existing industry definition of air-
curtain angle, but developed a prelimnary definition for
consideration. DOE is considering defining air-curtain angle as the
angl e between a vertical line and the Iine formed by the points at the
center of the discharge air grille and the center of the return air
grille, when viewed in cross-section. DCE specifically seeks feedback
on this definition of air-curtain angle. This is identified as |Issue 2
under "~ lssues on Wiich DOE Seeks Comment'' in section IV.E of this
ANCPR.

DCE proposed an organi zati on of equi prment classes in its Franework
Docunent based on the equi prent cl asses for self-contai ned commercia
refrigerators, conmercial freezers and comercial refrigerator-freezers
wi th doors described in section 136(c)(2) of EPACT 2005. Anot her
organi zati on of equi pent classes for comrercial refrigeration
equi prrent was proposed by ARl during the Franework coment period, and
presented by DOE during the Framework public neeting. ARl organized
commercial refrigeration equi pnent by equi prent family (where equi prent
famly is considered as broad groups of covered equi prent that have
simlar geonetric characteristics), condensing unit type, and operating
tenmperature.\13\ (AR, No. 7 at pp. 5-7) During the public neeting, DCE
noted that ARI's equipnent fanmilies included a " service over counter'
equi prrent fam ly, which was absent from DOE' s equi pnent cl ass
organi zati on. DOE understands that the service over counter equi pment
famly is unique in that access to merchandi se on display is provided
only to sales personnel fromthe rear of the cabinet. AR noted that
DCE did not categorize equi prment with doors based on whether the doors
are solid or transparent, and ARl explained that this is a necessary
distinction. (AR, No. 7 at p. 7) The Joint Comment stated that the
equi prrent families proposed by ARl are reasonable. (Joint Comment, No.
9 at p. 3)

\13\ For this rul emaki ng, equi pnent cl ass designations consi st
of a conbination (in sequential order separated by periods) of an
(1) equipnent famly code (VOP=vertical open, SVO=sem vertical open,
HzZO=hori zont al open, VCT=vertical transparent doors, VCS=vertica
solid doors, HCT=horizontal transparent doors, HCS=horizontal solid
doors, or SOC=service over counter), (2) an operating node code
(RC=renpt e condensi ng or SC=sel f-contained), and (3) a rating
tenperature code (M=nedium tenperature (38 [deg]F), L=low
tenperature (0 [deg]F), or I=ice-creamtenperature (-15 [deg]F)).
For exanple, ""VOP.RC.M' refers to the "“vertical open, renote
condensi ng, nmediumtenperature'’' equi prent class. See di scussion
bel ow and chapter 3 of the TSD, market and technol ogy assessnent,
for a nore detail ed explanati on of the equi pnent class term nol ogy.

DCE agrees with ARl that the characteristics of the service over
counter design affect efficiency, and is proposing an equi pnent cl ass
organi zation that includes a service over counter equipnent fanmly. DOE
al so agrees with ARl that the energy consunption of conmerci al
refrigeration equi pnrent with doors is affected by whether the doors are
solid or transparent, and is proposing to include this distinction in
its equi pnent class organi zation

In its Franmework Document, DCE suggested that equi pnent wi thout
doors be divided into equipnent classes based on air-curtain angles of
O[deg] to 30[deg] (vertical), 30[deg] to 60[deg] (sem vertical), and
60[ deg] to 90[deg] (horizontal) fromthe vertical. During the Franmework
public nmeeting, DOE asked for coments on these proposed ranges of air-
curtain angle. H Il Phoenix stated that the industry defines these as
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O[deg] to 10[deg] for vertical, 10[deg] to 80[deg] for senmivertical

and 80[deg] to 90[deg] for horizontal. (Public Meeting Transcript, No.
3.4 at p. 86) The Joint Comment stated that the ranges for vertical and
sem vertical should be closer to those used in DOE s proposal.
Specifically, the Joint Conment stated that because vertical equipnent
will tend to be nore efficient and thus likely

[[ Page 41174]]

to have nore stringent standards, if the equipnent fam |y delineations
al | ow manufacturers to substitute semvertical for vertical, they could
unintentionally shift the market to the less efficient standard.
Therefore, the Joint Comment stated that DCE shoul d determine a divide
bet ween vertical and semivertical that will not result in one type of
equi prent being substituted for the other. (Joint Conment, No. 9 at pp
3-4)

The cost-efficiency data DOE received from ARl for four covered
equi prrent cl asses were based on the industry definitions of O[deg] to
10[ deg] for vertical equipnent, 10[deg] to 80[deg] for semvertica
equi prent, and 80[deg] to 90[deg] for horizontal equipnent, as nmeasured
fromthe vertical. Therefore, DCE conducted its anal yses for the ANOPR
based on these definitions of equipnment famlies, but recognizes the
concern rai sed by the Joint Coment that these delineations may result
in one type of equipnment being substituted for another. To investigate
the relationship of air-curtain angle to energy consunption for renote
condensi ng nedi um t enperature open display cases (VOP.RC.M SVO RC. M
and HZO RC. M equi pnent cl asses), DCE collected narket data, which is
docunented in the narket and technol ogy assessnent (see chapter 3 of
the TSD).14 15 These data show significant clusters of
equi prrent divided by air-curtain angles of 10[deg], 30[deg] and 65[ deg]
fromthe vertical. The nost significant cluster of equipnent is in the
range of 0O[deg] to 10[deg] fromthe vertical (this cluster corresponds
to the VOP. RC. M equi pnent class as currently defined), with | ess
significant clusters between 10[deg] and 30[deg], 30[deg] and 65[ deq],
and 65[deg] and 90[deg] fromthe vertical. The large cluster of
equi prrent between O[deg] to 10[deg] fromthe vertical has a high
frequency of units at 6[deg] to 9[deg] fromthe vertical. Wth the
del i neation between vertical and semvertical equipnent famlies at an
angl e of 10[deg], if the SVO RC M equi pnent class had a | ess stringent
standard than the VOP. RC. M equi pnent class, DOE is concerned that
manuf acturers nmay adj ust their equi pment designs slightly to take
advant age of the |lower standard for SVO RC M equi prent. A piece of
equi prent coul d be redesigned with a small change in air-curtain angle
(e.g., from9[deg] to 11[deg] fromthe vertical), that woul d not
significantly affect energy consunption or utility. This redesign would
nmove the equi pnent fromthe VOP. RC. M equi pnent class to the SVO RC. M
equi prent cl ass, where it would not be subject to as stringent a
st andar d.

\14\ See Table Il1.1 through Table 11.3, which set forth the
meani ng of the equi pnent class lettering designations. Al so, see
chapter 3 of the TSD for nore details on the equi pnment cl ass
| ettering designations. For exanple, ~"VOP.RC.M' refers to the
““vertical open, renpte condensing, mediumtenperature'' equi pnent
cl ass.

\'15\ The market data that DOE coll ected represents equi pment
of ferings of major comrercial refrigeration equipnent nmanufacturers
as of 2006. Each data point represents a particul ar nodel offered,
not a piece of equiprment shipped, and is not intended to represent
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shi pments of equipnent in the VOP.RC M SVO RC.M and HZO RC. M

equi prent cl asses. However, in the absence of detail ed shipnent

i nformati on broken down by energy use and air-curtain angle, DOE
believes this nmarket data provides a reasonable estinate of the

di stribution of equi pment by energy use and air-curtain angle within
t hese equi pnent cl asses.

DCE understands that there is the potential for manufacturers to
redesi gn equi pnent to nove from one equi prent cl ass to anot her
regardl ess of where the air-curtain angle delineation is nade. However,
the concern rai sed above is heightened by the concentration of
equi prent in the O[deg] to 10[deg] fromthe vertical range, and the
potential for nmass redesign of the majority of equipnent currently
classified as VOP.RC.Min order to be classified as SVO RC.M According
to DCE's nmarket data, there is a clear region of |ow density at an air-
curtain angle of 30[deg] fromthe vertical, and DOE believes that
drawi ng the delineation between the VOP and SVO equi pnent fanilies here
could potentially result in | ess equipnment mgration fromthe VOP. RC. M
equi prrent class to the SVO RC. M equi pnent cl ass.

Additionally, DOE s nmarket data provides little support for
delineating the SVO RC. M and the HZO RC. M equi pnent fam lies at 80[ deg]
fromthe vertical. A significant group of equiprment with simlar
characteristics (but clearly distinguished fromthe SVO RC. M and
VOP. RC. M equi prrent cl asses) is present with air curtain angles of
65[deg] to 90[deg] fromthe vertical. This supports draw ng the SVO HzZO
equi pnent family delineation at 60[deg] to 65[deg] fromthe vertical
In light of this market data, DOE wel cones any additional data or
feedback regarding the proposed ranges of air-curtain angles or
shi prents of equi pnent in the VOP.RC. M SVO RC. M and HZO. RC. M equi prent
cl asses broken down by energy use and air-curtain angle.

DCE believes that the orientation of doors affects the energy
consunption of comercial refrigeration equi pnrent with doors and that
this equi pnrent can be broadly categorized by the angle of the door. DCE
did not receive stakehol der feedback on how to define the door angle
for equiprment with doors, but is considering defining door angle as
"“the angle between a vertical line and the line forned by the plane of
the door, when viewed in cross-section.'' DCE specifically seeks
feedback on this definition of door angle. This is identified as |ssue
3 under " Issues on Wich DOE Seeks Comment'' in section |V.E of this
ANOPR.

During the Framework comment period, no objections were raised to
t he proposal of equiprment families of "~ horizontal'' and " “vertical’
equi prrent with doors. In addition, Hill Phoeni x commented that AR
elimnated the “~“semvertical with doors'' equipnent famly (doors wth
an angle that deviated substantially fromO[deg] or 90[deg] with
respect to the vertical) because no manufacturers could identify any
shi pments of semvertical equipnment with doors. (Public Meeting
Transcript, No. 3.4 at p. 63) Therefore, for equiprment with solid and
transparent doors, DOE is considering defining two equipnent famlies
each, based on door angles of 0O[deg] to 45[deg] (vertical) and 45[ deq]
to 90[deg] (horizontal). DCE specifically seeks feedback on these
ranges of door angles for equipnent with doors. This is identified as

I ssue 4 under "~ Issues on Which DCOE Seeks Comment'' in section |V.E of
t hi s ANOPR

Based on the above information, DOE intends to use ei ght equi pment
famlies, which are shown in Table I1. 1.

Table 11.1.--Equi prent Fanily Designations
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Equi prent fanily Descri ption

Vertical Qoen (VOP).................. Equi prent wi t hout doors and an
air-curtain angle greater than
or equal to O[deg] and less than
10[ deg] fromthe vertical.

Semivertical Open (SVO.............. Equi prent wi t hout doors and an
air-curtain angle greater than
or equal to 10 and | ess than
80[ deg] fromthe vertical.

Hori zontal Qpen (HZO)................ Equi pnrent wi t hout doors and an
air-curtain angle greater than
or equal to 80[deg] fromthe
vertical .
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Vertical C osed Transparent (VCT).... Equipnment with hinged or sliding
transparent doors and a door
angl e I ess than 45[deq].

Hori zontal C osed Transparent (HCT).. Equipnment with hinged or sliding
transparent doors and a door
angl e greater than or equal to
45[ deq] .

Vertical Cosed Solid (VCS).......... Equi prent with hinged or sliding
solid (opaque) doors and a door
angl e | ess than 45[deq].

Hori zontal Closed Solid (HCS)........ Equi prent with hinged or sliding
solid (opaque) doors and a door
angl e greater than or equal to
45[ deq] .

Service Over Counter (SOO)........... Equi prent with sliding or hinged
doors intended for use by sales
personnel and fixed or hinged
gl ass for displaying
mer chandi se.

Wthin each of these eight equipnent famlies are equi pnent that
have one of the two condensing unit configurations shown in Table I1l.2.

Table 11.2.--Condensing Unit Configuration Designations

Renot e condensing (RO ............... Condensing unit is remptely
| ocated fromthe refrigerated
equi prent and consi sts of one or
nore refrigerant conpressors
refrigerant condensers,
condenser fans and notors, and
factory-supplied accessori es.

Self-contained (SC).................. Condensing unit is an integra
part of the refrigerated
equi pment and consi sts of one or
nore refrigerant conpressors,
refrigerant condensers,
condenser fans and notors, and
factory-supplied accessori es.

http://a257.g.akamaitech.net/7/257/2422/01jan20071800/edocket.access.gpo.gov/2007/07-3640.htm (30 of 104) [02/08/2007 04:13:10 p.m.]



FR Doc 07-3640

Equi pnrent cl asses woul d al so be organi zed based on the three rating
tenperatures shown in Table I1I.3.

Table 11.3.--Rating Tenperature Designations

Rating tenperature Descri ption
38 [deg]F (M. ... Medi um t enper at ur e
(refrigerators).
O [deg]lF (L)..... ... Low tenperature (freezers).
15 [deg]F (1) ..o | ce-cream tenmperature (ice-cream
freezers).

Based on st akehol der feedback, DOE is considering 38 of the 48
equi pnent cl asses shown in Table I1.4.\16\ The equi pnent cl asses are
organi zed by equi pnrent famly, conpressor operating node, and rating
tenperature. The right hand columm in Table I1.4, which has the heading
" Equi prent O ass Designation,'' identifies each of the 48 equi pment
classes with a particular set of letters. The first three letters for
each class represent the equipnent famly for that class, the next two
letters represent the condensing unit configuration, and the |ast
|l etter represents the rating tenperature. Table Il.1 through Table 11.3
set forth the meaning of the equipnent class lettering designations.
(Al'so, see chapter 3 of the TSD for nore details on the equi pnment cl ass
| ettering designations.)

\16\ Table I1.4 identifies 48 cl asses of conmerci al
refrigeration equi pmrent. O the 48 classes, 10 cl asses are
identified by asterisks. EPCA has al ready established energy
conservation standards for these 10 classes. (42 U S.C. 6313(c)(2)-
(3)) Therefore, these 10 classes are not covered under this

rul emaki ng.
Table 11.4.--Comrercial Refrigeration Equi pmrent C asses
Rati ng
Equi prent family Condensi ng unit t enperature
Equi pnent cl ass desi ghation
configuration ([deg] F)
Vertical Open......... ... ... ... ...... Remote................... 38
VOP. RC. M
0
VOP. RC. L.
-15
VOP. RC. |
Sel f-Contained........... 38
VOP. SC. M
0
VOP. SC. L.
-15
VOP. SC. |
Senmivertical Open..................... Renmote................... 38
SVO. RC. M
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0
SVO. RC. L.
-15
SVO RC. |.
Self-Contained........... 38
SVO. SC. M
0
SVO. SC. L.
-15
SVO. SC. | .
Hori zontal Open....................... Remote................... 38
HZO. RC. M
[[ Page 41176]]
0
HzZO. RC. L.
-15
HZO. RC. I .
Self-Contained........... 38
HZO. SC. M
0
HzZO. SC. L.
-15
HzZO. SC. | .
Vertical Cosed Transparent........... Renmote................... 38
VCT. RC. M
0
VCT. RC. L.
-15
VCT.RC. | .
Self-Contained........... 38
VCT. SC. M *
0
VCT. SC. L. *
-15
VCT. SC. | .
Hori zontal Cl osed Transparent......... Renmote................... 38
HCT. RC. M
0
HCT. RC. L.
-15
HCT. RC. | .
Self-Contained........... 38
HCT. SC. M *
0
HCT. SC. L. *
-15
HCT. SC. I .
Vertical Cosed Solid................. Renmote................... 38
VCS. RC. M
0
VCS. RC. L.
-15
VCS. RC. | .
Sel f-Contained........... 38
VCS. SC. M *
0
VCS. SC. L. *
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-15
VCS. SC. |
Horizontal Closed Solid............... Remote................... 38
HCS. RC. M
0
HCS. RC. L.
-15
HCS. RC. |
Self-Contained........... 38
HCS. SC. M *
0
HCS. SC. L. *
-15
HCS. SC. |
Service Over Counter.................. Renote.................. 38
SCOC. RC. M
0
SOC. RC. L.
-15
SOC. RC. I.
Self-Contained........... 38
SOC. SC. M *
0
SOC. SC. L. *
-15
SOC. SC. |

* These equi pment cl asses have standards established by EPCA and are therefore not
covered under this
rul emaking. (42 U . S.C. 6313(c)(2)-(3)).

EPCA contai ns standards for self-contained comercia
refrigerators, conmercial freezers and comercial refrigerator-freezers
with doors (42 U S.C. 6313(c)(2)-(3)); therefore this equipment is not
included in this rulenmaking. Table I1.5 identifies, by sets of letters,
10 potential equi pnent classes for this equi pnent. DOE has based the
desi gnati ons of these possible equipnment classes on the equi pnent cl ass

desi gnations presented in Table I1.1 through Table I1.3. Because these
equi prent cl asses are not included in this rul enaking, they are
indicated with an asterisk in Table II.4.

Table 11.5.--Potential Equi pmrent C asses Not Included in This
Rul emaki ng

VCT.SC.M ... . i VCS.SCM......... HCT.SC M .........
HCS.SCM......... SOC. SC. M
VCT.SC. L. VCS.SC. L.......... HCT.SC.L..........
HCS.SC. L.......... SCC. SC. L

During the Framework public nmeeting, H Il Phoeni x asserted that

equi prrent with separate refrigerator and freezer conpartnents (i.e.
refrigerator-freezers) is custombuilt and is a | ow shi pnent-vol unme
type of equipnment. Hill Phoenix believes that spending tinme on these
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equi prent categories m ght unnecessarily slow the rul emaking. (Public
Meeting Transcript, No. 3.4 at p. 52) Based on this comment and DOE s
own analysis of the shipnments data, DOE has not established equi prment
cl asses for renote condensing comrercial refrigerator-freezers or self-
contained commercial refrigerator-freezers w thout doors (also called
““dual tenperature'' units). DCE addresses how it mght set standards
for this equipnment in sections IIl and IV.E. 1.

In sum Table I1.6 presents the equi pment cl asses covered under
this rul emaki ng organi zed by the three equi pnent categories, in
accordance with EPCA section 325(p)(1)(A). (42 U.S. C. 6295(p)(1)(A)
Pursuant to EPCA section 325(p)(1)(B), DCE specifically seeks feedback
on these equi pment classes and invites interested persons to subnit
witten presentations of data, views, and argunents. (42 U S.C
6295(p)(1)(B)) This is identified as Issue 5 under " "|ssues on Wich
DCE Seeks Conment'' in section IV.E of this ANOPR

[[Page 41177]]

Table 11.6.--Conmmercial Refrigeration Equi pnent C asses by
Cat egory
Rati ng
Equi prent cat egory Condensi ng unit Equi prent family
tenperature Equi pnent cl ass
configuration ([deg] F)
desi gnati on
Renot e Condensi ng Conmer ci al Remote............ Vertical Open.....
38 VOP.RC. M
Refrigerators, Conmerci al Sem vertical Open
0 VOP.RC. L.

Freezers, and Commercial L
38 SVO RC M
Refri gerator-Freezers. Hori zontal Open...
0 SVO RC L.
38 HZO RC. M
Vertical C osed
0 HzO RC L.
Transparent.
38 VCT.RC. M
Hori zontal C osed
0 VCT.RC L.
Transparent .
38 HCT.RC. M
Vertical O osed
0 HCT.RC L.
Sol i d.
38 VCS.RC. M
Hori zontal d osed
0 VCS. RC L.
Sol i d.
38 HCS.RC. M
Service Over
0 HCS. RC L.
Count er.
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38 SOC. RC. M

0 SOC RC. L.
Sel f - Cont ai ned Conmmer ci al Self-Contained.... Vertical Open.....
38 VOP.SC. M

Refrigerators, Commercial L
0 VOP.SC. L.

Freezers, and Comerci al Seni vertical Open.
38 SVO SC. M

Refrigerator-Freezers without L

0 SVO SC. L.
Door s. Hori zontal Open...
38 HzO SC. M
0 HzO SC. L.
Commercial Ice-Cream Freezers.. Renote............ Vertical Open..... -
15 VOP.RC.I.
Semi vertical Open. -
15 SVO RC. 1.
Hori zontal Open... -
15 HZO RC. 1.
Vertical C osed -
15 VCT.RC.I.
Transparent .
Hori zontal C osed -
15 HCT.RC. 1.
Transparent .
Vertical C osed -
15 VCS.RC. 1.
Sol i d.
Hori zontal C osed -
15 HCS. RC. 1.
Sol i d.
Servi ce Over -
15 SOC. RC. 1.
Count er .
Sel f-Contained.... Vertical Open..... -
15 VOP.SC.I.
Seni vertical Open. -
15 SVO SC. 1.
Hori zontal Open... -
15 HzZO SC. 1.
Vertical C osed -
15 VCT.SC. 1.
Transparent.
Hori zontal C osed -
15 HCT.SC. 1.
Transparent.
Vertical C osed -
15 VCS. SC. 1.
Sol i d.
Hori zontal O osed -
15 HCS.SC. 1.
Sol i d.
Service Over -
15 SCC. SC. |

Count er.
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3. Nornmalization Metric

The standards bei ng devel oped in this rul emaki ng nust apply to
equi prrent of varying size and capacity within an equi pnent class, so
they nust be nornalized by sone factor that is representative of the
varying energy use of the equipnent. A “~“nornalization netric'' is a
measure of capacity or utility that allows conparison of energy use of
various sizes of equipnent on a unit capacity basis. During the
Framewor k public neeting, DOE asked what normalization netric would be
nmost appropriate for the equipnent in this rul enmaking--total display
area (TDA), refrigerated volunme, or length. ARl commented that in
renot e condensi ng equi pnent, the trend has been to use TDA, not only in
the United States, but in Europe as well. ARl is trying to align itself
with standards |ike those fromthe International Standards Organization
(1SO that use TDA, and wants DOE to be consistent with these | SO
standards. ARI's certification programwll be based on TDA, and that
is howthe data will be listed in its certification directory. (Public
Meeting Transcript, No. 3.4 at pp. 95-96) ARl al so proposed that daily
energy consunption be calculated as a function of the refrigerated
vol unme for self-contained equi pmrent with doors, and as a function of
TDA for self-contai ned equi pnent w thout doors, because these
respective normalization netrics are nost representative of the energy
consunption of these two types of equipnment. (AR, No. 7 at p. 9) AR
al so stated that it will collect and anal yze data for daily energy
consunption as a function of refrigerated volune and TDA for renote
condensi ng equi pnment in order to develop an appropriate recomendati on
for that type of equipnent. (AR, No. 7 at p. 9) The Joint Comment
stated that they do not agree with DOE' s proposal to use TDA as the
metric for cases w thout doors, because, they assert, such an approach
woul d favor " “shallow ' and ““tall'' equipnment over " deeper'' and
““shorter'' equi pnent of equival ent volunme. The Joint Conment proposed
that DOE instead use volune, length, or potentially a conbination of
TDA and vol une. One conpromise would be to use a nultiple regression
equation that would consider both refrigerated volune and | ength or
refrigerated volume and TDA. (Joint Conment, No. 9 at p. 5, and Public
Meeting Transcript, No. 3.4 at pp. 94-95)

In this rul emaking, DCE intends to establish standards for renote
condensi ng conmercial refrigerators, comercial freezers and comercia
refrigerator-freezers, as well as commercial ice-creamfreezers, wth
solid or transparent doors. Equi pment with transparent doors is subject
to significant radiation | oads (as nmuch as 50 percent of the tota
refrigeration load) as well as l|oads due to anti-sweat heaters that are
required to keep the door free of condensation. In addition
transparent doors are inherently poorer
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insulators than solid doors with an insulation value of roughly R-2
conpared with R- 16, respectively, for a typical freezer. For equi pnent
with transparent doors, TDA is a good indicator of the magnitude of the
radi ation |load, the anti-sweat |oad, and the conduction |oad through
the door. Additionally, TDA is representative of the ability of the
equi prent to di splay nmerchandi se, which is a neasure of its utility or
useful ness to the owner. Thus, DCE believes that TDA is an appropriate
normalization netric for all renote condensing refrigerators and
freezers with transparent doors, as well as all comrercial ice-cream
freezers with transparent doors. Renote condensi ng conmercia
refrigerators, conmercial freezers and conmercial refrigerator-freezers
with solid doors and conmercial ice-creamfreezers with solid doors
(i.e., “storage cabinets'') inherently have no TDA, since there is no
vi si bl e product and thus no gl ass or other transparent opening.
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Therefore, DOE believes refrigerated volune is an appropriate
normalization netric for this equipnment. This is consistent with the
fact that EPCA sets standards for self-contained units with solid doors
in the formof upper limts on daily energy consunption using
refrigerated volume as the normalization metric (42 U S.C. 6313(c)(2),
added by EPACT 2005, section 136(c)). DOCE also believes that length is
not an appropriate metric for equipnment with solid or transparent doors
because it does not capture the physical relationship between heat

| oads and equi pnent capacity as accurately as either TDA or vol une.

DCE will also establish in this rul emaking standards for renote
condensi ng and sel f-contained comercial refrigerators, comerci al
freezers and conmercial refrigerator-freezers, and conmercial ice-cream
freezers, without doors. The physical relationship between heat | oads
and energy consunption is fundanentally different for this equi pnent
than for the equi prent that has standards set by EPCA (i.e., self-
contained commercial refrigerators, commercial freezers, and comercia
refrigerator-freezers with doors).\17\ Equi prent wi thout doors is
subject to large loads due to infiltration of warmnoist air fromthe
area around the equi prent. These | oads are typically 25 percent to 85
percent of the total refrigeration |oad (depending on the air-curtain
angl e and other factors), while the conduction | oads experienced by
equi pnent w thout doors are typically less than 5 percent and are
rarely more than 25 percent. TDA is a nuch better indicator of
infiltration |oad than vol une because the open area of the equipnent is
directly related to the anpbunt of infiltrated air. Current standards in
Eur ope ( EUROVENT- - CECOMAF), the United Ki ngdom (Enhanced Capita
Al'l omance Program, and Australia (Australian G eenhouse O fice M ninum
Energy Performance Standards) use TDA as a nornalization nmetric for
equi pnent w t hout doors. Moreover, simlar to equi pnent with
transparent doors, TDA is representative of the ability of equi prent
wi t hout doors to display nerchandi se, which is a neasure of its utility
or usefulness to the owner. Thus, DOE believes that TDA should be the
normalization netric for all renpte condensing and sel f-contai ned
commercial refrigerators, conmercial freezers and conmerci al
refrigerator-freezers without doors, and all comercial ice-cream
freezers without doors. DOE al so believes that Iength is not an
appropriate nmetric for equi pmrent w thout doors because it does not
capture the physical relationship between heat |oads and equi prment
capacity as accurately as TDA

\17\ Standards for self-contained conmrerical refrigerators,
commercial freezers, and comrercial refrigerator-freezers with doors
were added to 42 U . S.C. 6313(c)(2), by EPACT 2005, section 136(c).

4. Extension of Standards

During the Franmework public neeting, DOE asked stakeholders if it
woul d be appropriate to extend the standards prescribed for self-
contained refrigeration equipnment with doors in EPCA to similar renote
condensi ng equi prent with doors and commercial ice-creamfreezers with
doors covered in this rulemaking, and if so, what nethodol ogy woul d be
appropriate. ARl commented that it woul d not be appropriate to extend
the standards from sel f-cont ai ned equi pnent because that equi pment is
normal i zed by volune, and the renote condensi ng equi pnent industry uses
TDA or sone other metric. (Public Meeting Transcript, No. 3.4 at p. 89)
Hi || Phoeni x commented that as DOE has the opportunity to | ook at
energy data, it will see that for renote condensi ng cases, energy
consunption would be | ower than for the self-contai ned cases. However,
Hi || Phoenix did not explain howto nake the conparison. (Public
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Meeting Transcript No. 3.4 at p. 91) ARl also asserted that an
extensi on of the EPCA standards for self-contained comercia
refrigeration equi pnrent with doors to renote condensing commercia
refrigeration equi pmrent with doors is not appropriate. AR expl ai ned
that the interior volune of self-contained equipnment is calcul ated
usi ng the ANSI/AHAM St andard HRF- 1- 2004, whereas the interior volune of
renot e condensi ng equi pnent shoul d be cal cul ated according to ANSI/ ARl
St andard 1200-2006. (AR, No. 7 at p. 8)

Because of the differences in energy consunption, and cal cul ation
of interior volume, DOE will not apply the standards prescribed by EPCA
for self-contained equipnent with doors to renote condensi ng equi pment
with doors. Instead, DOE will performan analysis of the inpacts of
potential standards and will adopt |evels that neet the requirenents of
EPCA section 325(0). (42 U.S.C. 6295(0)) As to commercial ice-cream
freezers with doors, in the market and technol ogy assessnent (see
chapter 3 of the TSD), DCE identified 16 commercial ice-creamfreezer
equi prent cl asses. During the engineering analysis (see chapter 5 of
the TSD), DCE devel oped cost-efficiency curves directly for 3 of the 16
commercial ice-creamfreezer equiprment classes (HCT.SC. |, VCT.SC |, and
VCS. SC. | ) because of their high shipment volunes. For these three
classes, this elimnated the issue of extending standards from self-
contai ned comercial freezers with doors. For the remaining 13
equi prent cl asses, DOE is considering use of the cost-efficiency curves
(or standards) developed in this rul emaking for certain equi prent
cl asses of renote condensing commercial freezers and sel f-contained
comercial freezers without doors, for equival ent equi pnent cl asses of
commercial ice-creamfreezers. For a portion of these 13 | ow shipnent-
vol ume comercial ice-creamfreezer equipnent classes (as well as other
| ow shi prent - vol unme equi pnent cl asses) DCE is al so considering use of
the EPACT 2005 standards for self-contained comrercial freezers with
doors. The intent of this approach is to save tinme and resources by
elimnating direct analysis of equiprment classes that have | ow shi pnent
vol unes and | ower overall potential energy savings. At this point in
the rul emaki ng, DOE only denonstrated this approach with two conmercia
i ce-cream freezer equi pnent classes, as well as one other conmerci al
refrigeration equi prent class, (see chapter 5 of the TSD) and not the
full set of covered equi pnent classes. DCE specifically seeks feedback
on this approach to extending cost-efficiency curves (or standards)
from hi gh-shi pment - vol une equi pment cl asses to | ow shi prment - vol une
equi prent cl asses, and of extendi ng EPCA standards to equi pnent cl asses
inthis rulemaking. This is identified as
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I ssue 1 under "~ Issues on Wiich DOE Seeks Comment'' in section IV.E of
t hi s ANOPR
5. Market Assessment

In the market assessnment, DOE devel ops a qualitative and
quantitative characterization of the comercial refrigeration equi pnent
i ndustry and market structure based on publicly available information
and data and informati on subnitted by manufacturers and ot her
st akehol ders.

DCE identified 34 manufacturers of commercial refrigeration
equi pnent. Four of these conpanies hold approximately 85 percent of the
donmestic market share of refrigerated display cases. These four
manuf act urers produce self-contained commercial refrigerators,
commercial freezers, and comercial refrigerator-freezers w thout doors
and conmercial ice-creamfreezers, although their primary business is
in renote condensing conmercial refrigerators and conmercial freezers
with and wi thout doors. Like nost industries, there exists a second
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tier of smaller, but well-known manufacturers. These other
manuf act urers nmake up the remaining 15 percent of U S. market share.
See chapter 3 of the TSD for nore information regardi ng manufacturers
of comercial refrigeration equipnent.

DCE is considering the possibility that snmall businesses woul d be
particularly inpacted by the promnul gati on of energy conservation
standards for commercial refrigeration equipnent. The Small Business
Admi ni stration (SBA) defines small business manufacturing enterprises
for commrercial refrigeration equipnent as those having 750 enpl oyees or
fewer. SBA lists small business size standards for industries as they
are described in the North Anerican Industry C assification System
(NAICS). The size standard for an industry is the largest that a for-
profit concern can be in that industry and still qualify as a snal
busi ness for Federal Governnent prograns. These size standards are
general ly expressed in ternms of the average annual receipts or the
aver age enployment of a firm For commercial refrigeration equipnent,
the size standard is matched to NAICS code 333415, Air-Conditioning and
Warm Air Heating Equi pnent and Commercial and Industrial Refrigeration
Equi pment Manuf acturing, and is 750 enployees. DCOE will study the
potential inpacts on these snmall businesses in detail during the MA,
which will be conducted as a part of the NOPR analysis. See chapter 3
of the TSD for nmore informati on regardi ng conmercial refrigeration
equi prent for small businesses.

ARl submitted annual shipnent data by equipnment class for its
menber conpanies. (AR, No. 7 Exhibit B at p. 1) DOE understands that
t hese data do not include the entire industry, since not all ngjor
manuf acturers are represented by ARl (nobst notably, True Mnufacturing,
whi ch DCE understands has a | arge narket share of self-contained
commerci al equi pmrent with doors and conmercial ice-cream freezers).
However, because these data cover the vast majority of the commercia
refrigeration equi pnrent sold, and because no other detailed data were
avai l abl e, the ARl shipnent data becane the basis of DCE s anal ysis.

The mar ket and technol ogy assessnent (see chapter 3 of the TSD)
provi des detailed shipnment information from ARl for each category of
commercial refrigeration equipnent by equi pment class for 2005. The AR
data included shipnents for equi prent that operates at an
““application'' tenmperature (e.g., wine chillers that operate at
45[ deg] F and freezers that operate at -30[deg]F). However, DOE only
consi dered shi pments of equipnent at the three operating tenperatures
considered in this rul emaking (38[deg]F, O[deg]F, and -15[deg]F). The
shi pments of equipnment that operate at one of these three tenperatures
constitute approxinately 98 percent of the shipnents reported by AR
See chapter 3 of the TSD for nore information regardi ng commerci al
refrigeration equi prent shipnents.

DOE revi ewed available literature and consulted with experts on
commercial refrigeration equipnent in order to establish typica
equi prrent lifetimes. The literature and individuals consulted estinated
a wi de range of typical equiprment lifetines. Based on the literature
reviewed and discussions with industry experts and ot her stakehol ders,
DCE concluded that a typical lifetime of 10 years is appropriate for
commercial refrigeration equi pnent. See chapter 3 of the TSD for nore
information regardi ng equi prent lifetines.

DCE characterized comercial refrigeration equi pnent energy
consunption by conducting a survey of existing renote condensing
refrigeration equi prent from maj or manufacturers and conpiling a
performance dat abase. The primary source of information for the
dat abase was equi pnent data sheets that were publicly available on
manuf acturers' websites. Fromthese data sheets, equipnment information
such as total refrigeration |oad, evaporator tenperature, lighting
power draw, defrost power draw, and notor power draw all owed
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determ nation of calculated daily energy consunption (CDEC) according
to the test procedure in ANSI/ARl Standard 1200-2006. See chapter 3 of
the TSD for nore information regardi ng the perfornmance data for
sel ected renote condensi ng equi pnent cl asses.
6. Technol ogy Assessnent

In the technol ogy assessnent, DOE identified technol ogi es and
design options that could inprove the efficiency of conmercia
refrigeration equipnment. This assessnment provides the technica
background and structure on which DOE bases its screening and
engi neering anal yses. For commercial refrigeration equipnent, DCE based
its list of technologically feasible design options on input from
manuf acturers, industry experts, conponent suppliers, trade
publications, and technical papers. See chapter 3 of the TSD for
additional detail on the technol ogy assessnent and technol ogi es
anal yzed.

B. Screening Anal ysis

The purpose of the screening analysis is to evaluate the
technol ogi es that inmprove the efficiency of equipnent, to determ ne
whi ch technol ogi es to consider further and which options to screen out.
DCE consulted with industry, technical experts, and other interested
parties to develop a |ist of technol ogies for consideration. DOE then
applied the follow ng four screening criteria to determ ne which
technol ogi es are unsuitable for further consideration in the rul emaking
(10 CFR Part 430, Subpart C, Appendix A at 4(a)(4) and 5(b)):

1. Technol ogi cal feasibility. Technol ogi es incorporated in
commerci al equi prent or in working prototypes will be considered
technol ogi cal |y feasible.

2. Practicability to manufacture, install, and service. If nass
production of a technology in comercial equipnent and reliable
installation and servicing of the technol ogy could be achi eved on the
scal e necessary to serve the relevant market at the tine of the
effective date of the standard, then that technology will be considered
practicable to manufacture, install and service.

3. Adverse inpacts on equipnment utility or equiprment availability.
If a technology is determined to have significant adverse inpact on the
utility of the equiprment to significant subgroups of consumers, or
result in the unavailability of any covered equi pnment type with
performance characteristics (including reliability), features, sizes,
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capacities, and volunes that are substantially the same as equi prment
generally available in the United States at the time, it will not be
consi dered further.

4. Adverse inpacts on health or safety. If it is determined that a
technol ogy will have significant adverse inpacts on health or safety,
it will not be considered further

DCE elimnated five of the technol ogi es considered in the nmarket
and technol ogy assessnment. The specific technol ogies that were
elimnated are: (1) Air-curtain design, (2) thernoacoustic
refrigeration, (3) magnetic refrigeration, (4) electro-hydrodynamc
heat exchangers, and (5) copper rotor notors. Because all five of these
technol ogies are in the research stage, DOCE believes that they would
not be practicable to manufacture, install and service on the scale
necessary to serve the relevant market at the time of the effective
date of the standard. In addition, because these technologies are in
the research stage, DCE cannot assess whether they will have any
adverse inpacts on utility to significant subgroups of consuners,
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result in the unavailability of any types of equipnment, or present any
significant adverse inpacts on health or safety. Therefore, DOE will
not consi der these technol ogi es as design options for inproving the
energy efficiency of conmercial refrigeration equipnent.

For nore details on how DCE devel oped the technol ogy options and
the process for screening these options, refer to the market and
technol ogy assessnent (see chapter 3 of the TSD) and the screening
anal ysis (see chapter 4 of the TSD).

C. Engi neering Anal ysis

The purpose of the engineering analysis is to establish the
rel ati onshi p between the cost and efficiency of comerci al
refrigeration equi pnrent. For each equi pnent class, this relationship
estimates the baseline manufacturer cost, as well as the increnental
cost for equipment at efficiency | evels above a baseline. In
determ ning the performance of higher efficiency equipnent, DOE
consi ders technol ogi es and design option conbi nations not elimnated in
the screening anal ysis. The output of the engineering analysis is a set
of cost-efficiency " “curves'' that are used in downstream anal yses
(i.e., the LCC and PBP anal yses and the N A).

DCE typically structures its engineering analysis around one of
t hree met hodol ogi es. These are: (1) The design-option approach, which
cal culates the increnental costs of adding specific design options to a
basel i ne nodel; (2) the efficiency-level approach, which calcul ates the
relative costs of achieving increases in energy efficiency |levels; and
(3) the reverse-engi neering or cost-assessnent approach, which involves
a " bottons-up'' manufacturing cost assessnent based on a detailed bil
of materials derived fromconmmercial refrigeration equi prment tear-
downs.
1. Approach

In this rul emaking, DCE is adopting an efficiency-I|evel approach,
suppl enented by a desi gn-option approach. For the four equi pnent
cl asses with the highest shipnment volumes, DOE used industry-supplied
cost-efficiency curves devel oped using an efficiency-1level approach in
downstream anal yses.\ 18\ These i ndustry-supplied curves are qualified
usi ng anal ytically derived curves devel oped by DOE using a design-
option approach. In addition, for the equi pment cl asses where industry-
suppl i ed curves were not avail able, DOE used the analytically derived
curves devel oped using a design-option approach in the downstream
anal yses.

\'18\ The four equi pnent classes with the highest shipnent
vol umes are: vertical closed transparent, renote condensing, |ow
tenperature (VCT.RC.L); vertical open, renote condensing, nedium
tenperature (VOP.RC.M; semvertical open, renote condensing, medium
tenperature (SVO RC.M; and horizontal open, renote condensing, |ow
tenperature (HZO RC.L).

In the Franmework Docunment, DCE requested feedback on the use of an
efficiency-level approach supported, as needed, by a design-option
approach to determine the cost-efficiency relationship for conmercia
refrigeration equiprment. ACEEE expressed concern about the use of an
ef ficiency-1evel approach because it effectively creates a ~ bl ack
box'' that does not allow for any independent anal yses. ACEEE prefers
the design-option approach because of its transparency and the ability
to be independently verified. ACEEE noted that in the past, DOE has
taken bot h approaches sinmultaneously. By doing both, DOE can calibrate
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one approach agai nst another and have data that are publicly available
so all parties can coment. (Public Meeting Transcript, No. 3.4 at p
110) ASAP stated that the design-option approach remains very inportant
because it validates the data and shows the benefits of different
technical options. (Public Meeting Transcript, No. 3.4 at p. 119) AR
stated that it supports DOE s suggested approach for determ ning the
cost-efficiency relationship for comrercial refrigeration equi pment.
(ARI, No. 7 at p. 9) The Joint Conment stated that it supports the use
of an efficiency-1level approach, provided that the estinmates used are
sufficiently supported with design-option data for purposes of both
qualification and adding transparency to the " “black box'' of the
efficiency-level data. In particular, the Joint Comrent pointed out
that this will require DOE to qualify multiple points for each

equi prent cl ass, carrying out further design-option analysis as
necessary to identify the nbst reasonable costs to use if the design-
options and efficiency-level data are not in alignment. (Joint Conment,
No. 9 at p. 1)

As previously described, DCE used an efficiency-Ievel approach
supported by a design-option approach. DOE suppl enented the industry-
supplied data with its own design-option analysis, which invol ved
consultation with outside experts, review of publicly avail able cost
and performance information, and nodeling of equi pment cost and energy
consunption. The suppl enental design-option analysis provides
validation of the industry efficiency-level data, transparency of
assunptions and results, and the ability to perform i ndependent
anal yses for verification. In addition, the supplenmental design-option
anal ysis allows analytically derived cost-efficiency curves to be
generated for equi pment classes where no industry-supplied curves are
avai |l abl e. The net hodol ogy used to performthe design-option anal ysis
is described in detail in chapter 5 of the TSD
2. Equi prent O asses Anal yzed

Because of the | arge nunber of equipnent classes in this rul emaking
(see Table I1.6), DOE did not directly analyze all equipnent classes in
the engi neering analysis for this ANOPR Instead, DOE prioritized the
engi neering anal ysis by exanining only the equi pnent cl asses with
shi pment vol unes greater than 100 units per year. Table I1.7 lists the
15 equi pent cl asses that DOE directly analyzed in the engineering
anal ysis. This table includes the 14 equi pment classes with greater
than 100 annual unit shipnments, as well as the VOP.RC. L equi pnent
class.\19\ According to the 2005 ARI
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shi pnments data, these 15 equi pnent classes represent 98 percent of the
shipments of covered conmercial refrigeration equi pnent.

\'19\ The VOP.RC. L equi pnent class was reported as having zero
shipments in the ARl shipnent data, but was included in the anal ysis
based on a recomendation froma nanufacturer during the prelimnary
manuf act urer inpact analysis interviews. This manufacturer estinated
that shipnments of the VOP. RC.L equi pnent class are actually around
2500 units per year. Regardless of the actual shipnent volunme, DOE
believes it is unlikely that this equi prment class has zero annua
shi pments, and likely has nore than 100 annual shipnents. DOE
believes this warrants inclusion of the VOP. RC.L equipnment class in
the anal ysi s.

Table 11.7.--Equi prent C asses Directly Analyzed in the Engineering
Anal ysi s
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VOP.RCM........ ..., Vertical Refrigerator without Doors with
a Renote Condensing Unit, Medium
Tenperat ure.

VOP.RC L.........co .. Vertical Freezer without Doors with a
Renot e Condensing Unit, Low
Tenperat ure.

SVORCM..................... Sem -Vertical Refrigerator without Doors
with a Renpte Condensing Unit, Medium
Tenperat ure.

HZORCM..................... Hori zontal Refrigerator w thout Doors
with a Renpte Condensing Unit, Medium
Tenperat ure.

HZORC. L......... ... . ... Hori zontal Freezer w thout Doors with a
Renot e Condensing Unit, Low
Tenperat ure.

VCT.RCM.......... ... ... .... Vertical Refrigerator with Transparent
Doors with a Renpte Condensing Unit,
Medi um Tenper at ur e.

VCT.RC.L......... .. ... .. .. .... Vertical Freezer with Transparent Doors
with a Renpte Condensing Unit, Low
Tenperat ure.

SOCRCM.......... ... Service Over Counter Refrigerator with a
Renot e Condensing Unit, Medium
Tenperat ure.

VOP.SCM..........iiiin.. Vertical Refrigerator without Doors with
a Sel f-Cont ai ned Condensing Unit,
Medi um Tenper at ur e.

SVOSC.M........... ... Senmi -Vertical Refrigerator without Doors
with a Sel f-Contained Condensing Unit,
Medi um Tenper at ur e.

HZOSCM..................... Hori zontal Refrigerator w thout Doors
with a Sel f-Contained Condensing Unit,
Medi um Tenper at ur e.

HZO.SC. L...................... Hori zontal Freezer without Doors with a
Sel f - Cont ai ned Condensing Unit, Low
Tenper at ur e.

VCT.SC.l..o oo Vertical lce-Cream Freezer with
Transparent Doors with a Self-Contained
Condensing Unit, |ce-Cream Tenperature

VCS.SCl... oo Vertical lce-Cream Freezer with Solid
Doors with a Sel f-Contai ned Condensi ng
Unit, |ce-Cream Tenperature.

HCT.SC. ... ... . Hori zontal |ce-Cream Freezer with
Transparent Doors with a Sel f-Contai ned
Condensing Unit, |ce-Cream Tenperature

3. Anal ytical Models

In the design-option approach, DOE used nodels to devel op estimates
of cost and energy consunption for each equi pment class at each
efficiency level. A cost nodel was used to estinate the manufacturer
production cost (MPC) in dollars, and an energy consunption nodel was
used to estimate the daily energy consunption in kilowatt hours (kWwh)
of covered conmercial refrigeration equipnent.
a. Cost Mbdel

Devel opnent of the cost nodel involved the disassenbly of a self-
contained refrigerator with transparent doors, an analysis of the
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mat eri al s and nanufacturing processes, and the devel opment of a
paranetric spreadsheet nodel flexible enough to cover all equi prent

cl asses. The manufacturing cost nodel estinated MPC and reported it in
aggregated formto nmaintain confidentiality of sensitive cost data. DOE
obt ai ned i nput from stakehol ders on the MPC estimates and assunpti ons
to confirmaccuracy. The cost nodel was used for 7 of the 15 exani ned
equi prent cl asses and the results were extended to 6 of the remaining
exam ned equi prent cl asses. The cost of the remaining two equi pnent

cl asses was estimated using avail abl e manufacturer list price (MP)

i nformation discounted to MPC. Details of the cost nodel are provided
in chapter 5 of the TSD

A manufacturer markup is applied to the MPC estimates to arrive at
the MSP. This is the price of equipment sold at which the manufacturer
can recover both production and non-production costs, and earn a
profit. A market-share-wei ghted average industry markup was devel oped
by exam ni ng several major commercial refrigeration equi pment
manuf acturers' gross nargin informati on from annual reports and
Securities and Exchange Conmi ssion (SEC) 10-K reports. The
manuf act urers whose gross nargin informati on was exam ned by DOE
represent approxi mately 80 percent of the comercial refrigeration
equi prent market, and each of these conmpanies is a subsidiary of a nore
di versified parent conmpany that manufactures equi pment other than
commercial refrigeration equi pnent. Because the SEC 10-K reports do not
provide gross margin information at the subsidiary |level, the estinmated
mar kups represent the average markups that the parent conpany applies
over its entire range of offerings.

Mar kups were eval uated for the years 2000 to 2005, inclusively. The
manuf act urer markup is cal cul ated as 100/ (100-average gross margin),
where gross margin is cal cul ated as revenue-cost of goods sold (COGS).
To validate the SEC 10-K and annual report information, Interna
Revenue Service industry statistics were used as a check. DCE estimated
the average manufacturer markup within the industry as 1.39.

DCE received industry-supplied curves fromARl in the formof daily
ener gy consunption versus M.P, (both normalized by TDA). Since DOE s
anal ytically derived curves were devel oped in the form of CDEC versus
MSP (both nornalized by TDA), it was necessary for DOE to estimate an
industry list price markup so that conpari sons between the two sets of
curves could be nade. The industry list price markup is a markup to the
production cost that provides the list price. To make conpari sons
between the analytically derived cost-efficiency curves and the
i ndustry-supplied cost-efficiency curves, DOE di scounted the industry
data with the list price markup and nornalized the analytically derived
curves by TDA

DCE under st ands that manufacturers typically offer a discount off
the MLP, which depends on various factors such as the relationship with
the custoner and the volunme and type of equi pnment bei ng purchased. For
the estimate of list price markup, DOE relied on information gathered
on sel f-contained comrercial refrigeration equipnment, since list price
information is readily available and typically published by self-
cont ai ned equi pnent manufacturers for this equipnment. A review of the
data for self-contained equi prent shows that the list price markup is
typically 2.0 (i.e., manufacturers will typically sell their equi pment
for 50 percent off the published list price). DOE further verified the
estimate by obtaining list price quotes from several renote condensing
equi prent manufacturers. During manufacturer interviews, sone
commercial refrigeration equi pnent nanufacturers agreed with the 2.0
mar kup estimate, while others stated the estimate was sonmewhat high
Because the list price markup can vary significantly from nmanufacturer
to manufacturer and from custonmer to custoner, DCE applied the sane
estimated list price markup across each
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equi prent class to sinmplify the anal ysis.
b. Energy Consunption Mde

The energy consunption nodel estinmates the daily energy consunption
of commercial refrigeration equi prent at various performance | evels
usi ng a design-options approach. The nodel is specific to the
categories of equi pnent covered under this rul emaking, but is
sufficiently generalized to nodel the energy consunption of all covered
equi prrent cl asses. For a given equi pnent class, the nodel estimates the
daily energy consunption for the baseline and the energy consunption of
several |evels of perfornmance above the baseline. The nodel is used to
cal cul ate each performance | evel separately. For the baseline level, a
correspondi ng cost is calculated using the cost nodel, and for each
| evel above the baseline, the cost increases resulting fromthe
addition of various design options are used to recal cul ate the cost.

In the market and technol ogy assessnent (see chapter 3 of the TSD)
DCE defined an initial list of technol ogies that can reduce the energy
consunption of comercial refrigeration equipnment. In the screening
anal ysis, DOE screened out technol ogi es based on four screening
criteria: Technological feasibility, practicability to manufacture,
changes to product utility, and safety. The remaining list of
technol ogi es becones one of the inputs to the engi neering anal ysis.
However, for reasons noted below, DCE did not incorporate all of these
technol ogies in the energy consunpti on nodel. Technol ogi es that were
not used include: Renote lighting ballast |ocation, evaporator fan
nmotor controllers, higher efficiency evaporator and condenser fan
bl ades, insulation increases or inprovenents, |ow pressure differential
evaporators, defrost cycle controls, and defrost nechani sns.

Rel ocation of fluorescent |anp ballasts outside the refrigerated
space can reduce energy consunption by |essening the refrigeration | oad
on the conpressor. However, for the mgjority of conmmercia
refrigeration equipnment currently manufactured, ballasts are already
| ocated in electrical trays outside of the refrigerated space, in
either the base or top of the equi pnent. The notabl e exceptions are the
equi prrent cl asses in the VCT equiprnent famly, where ballasts are nost
often |l ocated on the interior of each door mullion. Mst comerci al
refrigeration equi prent manufacturers purchase doors for VCT units that
are preassenbled with the entire lighting systemin place rather than
configured for separate ballasts. DOE believes that nbst conmercia
refrigeration equi pnrent manufacturers choose doors this way because it
woul d be | abor intensive and tinme consuming to relocate these ballasts
at the factory, and because of the additional cost and | abor of wring
separate ballasts. In addition, the potential energy savings are small,
since nodern electronic ballasts are very efficient and typically
contribute only a few watts each to the refrigeration |oad. Therefore,
DCE did not consider renpte relocation of ballasts as a design option

Evaporator fan notor controllers allow fan notors to run at
vari abl e speed, to match changing conditions in the case. For
evaporator fan notor controllers, there is sonme opportunity for savings
as the buildup and renmoval of frost creates differing pressure drops
across the evaporator coil. Theoretically, |less fan power is required
when the coil is free of frost. Additionally, the coil would operate at
a nore stable tenperature during the period of frost build-up. However,
the effectiveness of the air curtain in equipnment w thout doors is very
sensitive to changes in airflow, so fan notor controllers could disrupt
the air curtain. The potential of disturbance to the air curtain, which
could lead to higher infiltration |oads, does not warrant the use of
evaporator fan notor controllers in equiprment w thout doors, even if
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there were some reduction in fan energy use. |In addition, DCE believes
that savings from evaporator fan notor controllers in all equipnent
types would be small. Therefore, DOE did not consider evaporator fan
nmot or controllers as a design option

Hi gher efficiency evaporator and condenser fan bl ades reduce notor
shaft power requirements by noving air nore efficiently. Current
technol ogy used in comercial refrigeration equi pment is stanped sheet
metal or plastic axial fan bl ades. These fan bl ades are |ightwei ght and
i nexpensi ve. DOE was not able to identify any axial fan bl ade
technol ogy that is significantly nore efficient than what is currently
used, but did identify one alternative fan bl ade technol ogy that could
potentially inmprove efficiency: Tangential fan blades. Tangential fan
bl ades can produce a wi de, even airflow, and have the potential to
all ow for increased saturated evaporator tenperature (SET) through
i mproved air distribution across the evaporator coil, which would
reduce conpressor power. However, tangential fan blades in small sizes
are thenselves less efficient at noving air, and thus require greater
nmot or shaft power. Because of these conpeting effects, DCE did not
consi der tangential fan blades as a design option.

Increases in or inmprovenments to insulation thickness reduce the
heat | oad due to conduction and thus reduce conpressor power. Increases
in the thickness of foaminsulation are problematic because they nust
either borrow volune fromthe refrigerated space or increase the
overal |l size of the equipnent cabinet. Because the outer dinensions of
commercial refrigeration equipnent are limted, it is often not
practical to increase the overall size of the cabinet (i.e., case
exterior dinensions are optimzed for packing equipnent into freight
and shi pping containers). In addition, reducing the size of the
refrigerated space would reduce the utility of the equipnrent.
Therefore, increasing the thickness of foaminsulation is not
practical. Furthernore, many di splay cases do not have significant
conduction | oads, so insulation inprovenents do not offer |arge energy
savings. lnmprovenents to insulation material include better
pol yur et hane foans and vacuum panels. In consultation with insulation
mat eri al manufacturers, DOE deternined that there are no significant
differences in “~“grades'' of insulation material, so nost equi pment
manuf acturers are already using the best conmercially avail able foam
materials in their equi pment. Vacuum panels are an alternative form of
i nsul ati on; however, they nay degrade in performance in tine as small
| eaks devel op. In addition, vacuum panels cannot be penetrated by
fasteners, and do not provide the rigidity of "~ foaned-in-place'
panel s that pol yurethane insulation creates. Therefore, DOE did not
consi der insulation thickness increases or inprovenments as a design
option. DCE did, however, consider inprovenents to the efficiency
(e.g., thermal conductance) of doors in the design options analysis.

Hi gher efficiency doors reduce the overall heat gain to the case by
using better frane materials, nore panes of glass and better (or nore)
insulation in the doorfrane.

Low pressure differential evaporators reduce energy consunption by
reduci ng the power of evaporator fan notors. However, in space-
constrai ned equi pment such as comercial refrigeration equipment, this
reduction usually conmes froma decrease in evaporator coil surface
area, which generally requires a | ower SET to achieve the sane
di scharge air tenperature and cooling potential. This, in turn, results
in a reduction in conpressor efficiency. Because of these conpeting
effects, DCE did not consider
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| ow pressure differential evaporators as a design option
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Defrost cycle control can reduce energy consunption by reducing the
frequency and duration of defrost periods. The majority of equi prment
currently manufactured already uses partial defrost cycle control in
the formof cycle termnation control. However, defrost cycle
initiation is still scheduled at regular intervals. Full defrost cycle
control would involve a nmethod of detecting frost buildup and
initiating defrost. As described in the narket and technol ogy
assessnent (see chapter 3 of the TSD), this could be acconplished
through an optical sensor or sensing the tenperature differentia
across the evaporator coil. However, both of these nethods are
unreliable due to problens with fouling of the coil due to dust and
ot her surface contaninants. This becones nore of an issue as the
di spl ay case ages. Because of these issues, DOE did not consider
defrost cycle control as a design option

Defrosting for mediumtenperature equi pnent is typically
acconplished with off-cycle defrost. Because off-cycle defrost uses no
energy (and decreases conpressor on-tinme) there is no defrost design
option capabl e of reducing defrost energy in cases that use off-cycle
defrost. Sone medi um tenperature equi pmrent and all |ow tenperature and
i ce-creamtenperature equi pnent use suppl enental heat for defrost.
Conmmonl y, electric resistance heating (electric defrost) is used in
this equipnent. An alternative to electric defrost in equipnment that
requi res supplenmental defrost heat is hot-gas defrost. Hot-gas defrost
is nost often used in renmote condensi ng equi pnent and invol ves the use
of the hot conpressor discharge gas to warmthe evaporator fromthe
refrigerant side. The test procedure for comrercial refrigeration
equi prent is not capable of quantifying the energy expenditure of the
conpressor during a hot-gas defrost cycle. Therefore, DCE did not
consider it as a design option

The design options DOE considered in the engineering anal ysis are:

Hi gher efficiency lighting and ballasts for the VOP, SVO
HzZO, and SOC equi pnent fanmilies (horizontal fixtures);
Hi gher efficiency lighting and ballasts for the VCT
equi prrent family (vertical fixtures);
H gher efficiency evaporator fan notors;
I ncreased evaporator surface area;
| mproved doors for the VCT equi prent fanily, |ow
t emper at ur e;
| mproved doors for the VCT equi pnent fanmily, medium
t enper at ur e;
| mproved doors for the HCT equi prent fanily, ice-cream
t enper at ur e;
| mproved doors for the SOC equi pnent fanily, medium
t enper at ur e;
H gher efficiency condenser fan notors (for self-contained
equi prent only);
I ncreased condenser surface area (for self-contained
equi pnent only); and
Hi gher efficiency conpressors (for self-contained
equi prrent only) .\ 20\

\20\ Inprovenments to the condensing unit are not considered for
renot e condensi ng equi pnent, since the test procedure and standard
apply only to the cabinet and not the condensing unit.

I n devel opi ng the energy consunption nodel, DCE made certain
assunptions including general assunptions about the analysis
met hodol ogy as wel |l as specific nunerical assunptions regarding | oad
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conponents and design options. DCE based its energy consunption
estimates on new equi pnment tested in a controlled-environnment chanber
subj ected to ANSI/ ARl Standard 1200- 2006, which references the ANSI/
ASHRAE St andard 72-2005 test nethod.\21\ Manufacturers that are

certifying their equipnment to conply with Federal standards will be
required to test new units with this test method, which specifies a
certain anbient tenperature, humdity, light |evel, and other

requi rements. One specification which DCE noted was absent fromthis
standard is the operating hours of the display case lighting in a 24-
hour period. DOE considered the operating hours to be 24 hours (i.e.

that lights are on continuously). Gher comrercial refrigeration

equi prrent consi derations are detailed in chapter 5 of the TSD.

The energy consunption nodel cal cul ates CDEC as two maj or
component s: conpressor energy consunption and conponent energy
consunption (expressed as kilowatt hours per day (kW/day)). Conponent
energy consunption is a sumof the direct electrical energy consunption
of fan notors, lighting, defrost and drain heaters, anti-sweat heaters,
and pan heaters. Conpressor energy consunption is calculated fromthe
total refrigeration |oad (expressed as British thermal units per hour
(Btu/h)) and one of two conpressor nodels: one version for renote
condensi ng equi pnent and one for self-contained equipment. The tota
heat |oad is a sumof the conponent | oad and the non-electric |oad. The
conmponent load is a sumof the heat emtted by evaporator fan notors,
lighting, defrost and drain heaters, and anti-sweat heaters inside and
adj acent to the refrigerated space (condenser fan notors and pan
heaters are outside of the refrigerated space and do not contribute to
the conmponent heat |oad). The non-electric load is a sum of the heat
contributed by radiation through glass and openi ngs, heat conducted
through wal Il s and doors, and sensible and | atent |oads fromwarm noi st
air infiltration through openings. Details of conponent energy
consunption, conpressor energy consunption, and | oad nodels are shown
in chapter 5 of the TSD
4. Baseline Mdels

As nentioned above, the engineering anal ysis estinates the
incremental costs for equipnment with efficiency | evels above the
basel i ne in each equi prment class. DOE was not able to identify a
voluntary or industry standard that provided a m ni nrum basel i ne
efficiency requirenent for commercial refrigeration equi pnent.
Therefore, it was necessary for DOE to establish baseline
speci fications for each equi pment class to define the energy
consunption and cost of the typical baseline equipnent. These
speci fications include dinensions, nunber of conponents, tenperatures,
nom nal power ratings, and other case features that affect energy
consunption, as well as a basic case cost (the cost of a piece of
equi prrent not including the major efficiency-related conponents such as
lights, fan notors, and evaporator coils).

DCE establ i shed baseline specifications for each of the equi pnent
cl asses nodeled in the engi neering analysis by review ng avail abl e
manuf act urer data, selecting several representative units from
avai |l abl e manufacturer data, and then aggregating the physica
characteristics of the selected units. This process created a
representative unit for each equi pnent class wi th average
characteristics for physical parameters (e.g., volunme, TDA), and
m ni mum per formance of energy-consum ng conponents (e.g., fans,
lighting). The cost nodel was used to devel op the basic case cost for
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each equi pment cl ass. See appendix B of the TSD for these
speci fications.
5. Cost-Efficiency Results
The results of the engineering analysis are reported as cost-
efficiency data (or ““curves'') in the formof CDEC \22\ (in
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kWh) versus MSP (in dollars), which formthe basis for subsequent

anal yses in the ANOPR DOCE created 15 cost-efficiency curves and
received 4 industry aggregated curves from ARl . The industry-supplied
curves are in the formof CDEC versus MP, both normalized by TDA To
conpare the analytically derived curves to the industry-supplied
curves, DCE discounted the industry data with the list price markup and
normal i zed the analytically derived curves by TDA. For the four

equi prrent cl asses with the highest shipnent vol umes DCE used the

i ndustry-supplied cost-efficiency curves in the downstream anal yses.
For the equi pnment classes where industry-supplied curves were not
avail abl e, DCE used the analytically derived curves in the downstream
anal yses. See chapter 5 for additional detail on the engineering

anal ysis and appendi x B of the TSD for conplete cost-efficiency
results.

\22\ The ANSI ARl Standard 1200- 2006 test procedure uses CDEC as
the nmetric for renote condensi ng equi pnent and total daily energy
consunption (TDEC) as the nmetric for self-contained equipment. In
t he engi neering anal ysis, DOE used CDEC as the netric for both
equi prent types, but will refer to each equi pnment type's specific
metri ¢ when devel opi ng standard equati ons.

D. Markups To Determ ne Equi pnent Price

This section explains how DOE devel oped the supply chain markups to
determine installed prices for comercial refrigeration equi pnent (see
chapter 6 of the TSD). DOE used the supply chain markups it devel oped
(along with sales taxes and installation costs) in conjunction with the
MSPs devel oped fromthe engineering analysis to arrive at the fina
install ed equi prrent prices for baseline and higher efficiency
equi prrent. As shown in Table 1.8, DCOE defined three distribution
channel s for commrercial refrigeration equipnment to describe how the
equi prent passes fromthe manufacturer to the custoner. In the first
di stribution channel, the manufacturer sells the equipnent directly to
the custoner through a national account. In the second and third
di stribution channels, the manufacturer sells the conmerci al

refrigeration equipnment to a whol esaler, who in turn may sell it
directly to the customer or sell it to a mechanical contractor who may
sell it and its installation to the customer. The wholesaler in this

case can be a refrigeration whol esal er focusing on commrercia
refrigeration equi prent, or a grocery warehouser (supply chain
distributor) who sells food and retail store equipnment to the retailer

Table 11.8 also gives the estimted distribution channel shares (in
percentage of total sales) through each of the three distribution
channel s.

Table 11.8.--Distribution Channels and Shares for Comercia

Ref ri gerati on Equi pnent

Channel 1 Channel 2 Channel 3
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Manufacturer.................... Manuf act urer, Manuf act ur er,
Whol esal er. Whol esal er,
Contractor.
Custonmer............ .. ..., Custoner.......... Cust oner.
86 percent.......... ... .. ... ..... 7 percent......... 7 percent.

For each of the steps in the distribution channels presented above,
DCE estimated a baseline markup and an increnmental markup. A baseline
markup is applied to the purchase of equipnment with the baseline
efficiency. An increnental markup is applied to the increnental
increase in MSP for the purchase of higher efficiency equiprment. The

overal |l baseline or overall increnental markup is then given by the
product of all the markups at each step in the distribution channe
plus sales tax. Overall baseline or overall increnmental markups for the

entire comercial refrigeration equipnent market can be determ ned
usi ng the shi pment wei ghts through each distribution channel and the
correspondi ng overal |l baseline markup or the correspondi ng overall

i ncremental markup, respectively, for each distribution channe

i ncluding the applicable sales tax.

Mar kups for each step of the distribution channel were devel oped
based on avail able financial data. DOE based the whol esal er markups on
firm bal ance-sheet data fromthe Heating, A rconditioning &
Refrigeration Distributors International (HARDI ), the trade association
representing whol esal ers of refrigeration and heating, ventilating and
air-conditioning (HVAC) equi prment. DCE used nedian financial statistics
reported by the controls and refrigeration industry segnent of this
trade association in HARDI's 2005 Profit Pl anning Report. DCE based the
mechani cal contractor markups on U.S. Census Bureau financial data for
the plunmbing, heating, and air conditioning industry as a whole.
Average markups for sales through national accounts were estinated as
one-half that of the whol esaler to custoner distribution channel

Basel i ne markups for whol esalers and for contractors are cal cul ated
as total revenue (equal to all expenses paid plus profit) divided by
the COGS. Expenses include direct costs for equi pnment, |abor expenses,
occupancy expenses, and ot her operating expenses (e.g., insurance,
advertising). Some of these are presuned to be fixed costs (Iabor,
occupancy) that do not change with the distribution of higher
efficiency equi pnent. Qther expenses are variable costs that may change
in response to changes in COGS. |In devel oping increnmental markup, DOE
consi dered the | abor and occupancy costs to be fixed, and the other
operating costs and profit to scale with the MSP.

The overall markup is the product of all the markups plus sales tax
within a distribution channel. Both baseline and increnental overal
mar kups were cal cul ated for each distribution channel. Sales taxes were
cal cul ated based on State-by-State sales tax data reported by the Sal es
Tax O earinghouse. Both contractor costs and sales tax vary by State,
so the markup anal ysis devel ops distributions of markups w thin each
di stribution channel as a function of State and busi ness type (e.qg.
super mar ket, conveni ence store, convenience store with gas station, or
superstore). Because the State-by-State distribution of comerci al
refrigeration equi pnrent units varies by business type (e.qg.
supermarkets may be nore prevalent relative to convenience stores in
one part of the country than another), a national |evel distribution of
the markups is different for each business type.

Average overall markups in each distribution channel can be
cal cul ated using estimtes of the shipments of comrercial refrigeration
equi prent units by business type and by State. The ANOPR anal ysi s used
estimates of relative total frozen and refrigerated food sales by State
and each business type as reported by the U S. Census Bureau as a proxy
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for relative shipnents of commercial refrigeration equipnent. Overall
baseline and incremental markups for sales to supermarkets
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wi thin each distribution channel are shown in Table Il.9 and Tabl e
I'l.10.

Table 11.9.--Baseline Markups by Distribution Channel Including Sal es Tax
for Supermarkets

Mechani cal
contractor
Nat i onal account

Whol esal er (i ncl udes

(manuf act urer - Overal |
whol esal er)
direct)
Distributor(s) Markup................... 1.436 2.182
1.218 1.301
Sales Tax...... ..o 1.068 1. 068
1.068 1.068
Overall Markup......... ... .. ... . .. ... 1.533 2.330
1. 300 1.389
Table 11.10.--Increnmental Markups by Distribution Channel I|ncluding Sal es

Tax for Supernmarkets

Mechani ca
contractor
Nat i onal account

Whol esal er (incl udes

(manuf act urer - Overal |
whol esal er)

direct)
Distributor(s) Markup................... 1.107 1.362
1. 054 1.079
Sales TaX...... ..o 1.068 1.068
1.068 1.068
Overall Markup......... ... ... .. ... 1.182 1.454
1.125 1.152

Addi tional detail on markups can be found in chapter 6 of the TSD
E. Energy Use Characterization

The energy use characterization estimtes the annual energy
consunption of comercial refrigeration equi pnent systens (including
renote condensing units). This estimate is used in the subsequent LCC
and PBP anal yses (see chapter 8 of the TSD) and NI A (see chapter 10 of
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the TSD). DCE estimated the energy consunption of the 15 equi pnent

cl asses analyzed in the engineering analysis (see chapter 5 of the TSD)
usi ng the rel evant test procedure. These energy consunption estinates
were then validated with annual sinmulation nodeling of selected

equi prent cl asses and efficiency |evels.

ANSI / ARl St andard 1200- 2006, which references ANSI/ASHRAE St andard
72-2005, is an industry-devel oped test procedure for neasuring the
energy consunption of commercial refrigeration equi pmrent. ANSI/ AR
St andard 1200- 2006 provides a nethod for estinmating the daily energy
consunption for a piece of comercial refrigeration equipnment under
steady-state conditions. ANSI/ARI Standard 1200-2006 treats renote
condensi ng and sel f-contained comrercial refrigeration equi pment
differently. In the case of renote condensing equi prment, the test
procedure neasures the energy use of each conponent (e.g., fans and
lights) as well as the total refrigeration |oad of the equi pnent. The
total refrigeration load is used to cal cul ate conpressor energy
consunption based on a standardi zed rel ati onshi p of evaporator
tenperature and conpressor energy efficiency ratio. In the case of
sel f-contai ned comerci al equi pment, the test procedure neasures the
total energy use of the equipnent as a whol e, including both conponent
energy use and conpressor energy use. The resulting daily energy
consunption estimate is either CDEC for renote condensing equi prent or
TDEC for self-contained equi pnment. Both nmetrics represent the sum of
conpressor energy consunption and the energy consunption of all other
ener gy consumni ng conmponents in the equipnent (i.e., evaporator fan
nmotors, lighting, anti-sweat heaters, defrost and drain heaters, and
condensat e evaporator pan heaters).

Several options were considered to provide estinmates of the energy
consunption of comrercial refrigeration equi prent. These options
i nclude: using a whole building sinulation which would anal yze case,
conpressor, and HVAC i npacts; using an existing simulation programthat
woul d anal yze di spl ay case and conpressor energy use on an annua
basis; and using estinates of energy consunption for various categories
of equi pnent as devel oped in the engineering analysis. For the ANOPR
DOE used energy consunption estinmates fromthe engineering analysis
directly in the LCC analysis. To validate these estimates, DCE
conducted a whol e buil ding energy use sinulation for seven equi pnent
cl asses at sel ected design-option |evels.

A whol e building simulation was the option first considered by DOE
and was di scussed during DOE?s Framework public neeting. During that
meeti ng Sout hern Conpany and ARl comented that a whol e building
anal ysis is the desired approach (Public Meeting Transcript No. 3.4 at
p. 151). The Northwest Power Pl anning Council (NWPPC) and ASAP were
concerned about the additional difficulty and conplexity of the
resulting analysis (Public Meeting Transcript No. 3.4 at p. 161 and
Public Meeting Transcript No. 3.4 at p. 155). The approach taken by DCE
was to use energy estinmates devel oped fromthe engineering analysis but
to validate those estimates with whol e building sinmulation of
super mar kets, which included sinulation of the refrigeration system
There were four reasons for adopting this approach

1. The energy consunption ratings provided by ANSI/ ARl Standard
1200- 2006 do not distingui sh between energy consunption by the
conpressor (which may vary as a function of environmental conditions)
and energy consunption by other conponents in the case (e.g.
lighting), which do not vary as a function of environnmental conditions.
These two types of energy consunption are roughly similar in nagnitude,
and it is difficult to assess where the energy savings are coning from
or what the inpact on a building HVAC | oad m ght be.

2. The initial engineering analysis (see chapter 5 of the TSD) did
not suggest design options that woul d provide significant changes to
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the building load relative to the comercial refrigeration system
ener gy consunption

3. The net interaction between the refrigeration system and HVAC
energy consunption is a function of the variation in HVAC designs. HVAC
system desi gns for food sal es buil dings, |ike supermarkets, may
i ncorporate such features as separate dehum dification and refrigerant
condenser reheat systens, which nake assessing overall HVAC inpact
conplicated. Also, detailed data on the relative preval ence
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of different HVAC system designs incorporating these features i s not
readily avail abl e.

4. The interaction between the refrigeration and overall HVAC
energy consunption is a function of the ratio of the total heat renpved
fromthe space by the display cases relative to the other internal
| oads (lighting, occupancy, and plug |oad) and external |oads (building
envel ope and ventilation driven) in the building. This ratio deterni nes
the fraction of the year that the building is either in heating or
cool i ng node. However, the balance of refrigeration-driven space | oads
to the other space loads is inpacted by the efficiency levels for all
commercial refrigeration equi pnent classes, conplicating the anal ysis
of each equi pnent class individually. For the equiprment classes with
the | argest shipment, which make up the I argest base of equipnent in a
typical store and have the biggest overall inpact on the space |oad
bal ance, the industry-supplied efficiency curves do not provide
i nformati on about changes in equi pnment design that could be used to
assess this change in refrigeration-driven space | oads.

Inits validation effort, DOE used a nodified version of the DCE
devel oped DOE-2 whol e-bui | di ng energy anal ysis tool, DOE-2.2
refrigeration version (DOE-2.2R), to nodel whol e-building energy use in
a typical supermarket in five U S climte |ocations (Baltinore,

Chi cago, Houston, Los Angeles, and Menphis). Each of these |ocations
has a clinmate that typifies one of five distinct U S. climte zones
devel oped by DCE for use in building energy codes devel opnent work.
These five climte zones taken together enconpass approximtely three-
fourths of the U S. popul ation. Annual energy use for seven equi pnent

cl asses was sinulated at four representative efficiency |levels. Data on
refrigeration | oads fromthe engi neering anal ysis supported the

devel opnent of the energy efficiency |evels analyzed. These
refrigeration |oads included those frominternal features (e.qg.
lighting and fans inside the case), and externally driven | oads from
radi ation, convection/infiltration, and conduction through the case
wal | . These | oads and other direct energy-consuning features (e.g., fan
and lights) were mapped to corresponding inputs in DOE-2.2R for the
simul ati on analysis. Pull-down |oads fromshelving of food are not part
of the test procedure and were therefore not considered.

To exam ne the inpacts of anbient relative humdity, refrigerant
pi ping heat [ oss, and climate |ocation on energy consunption of
commercial refrigeration equipnent, annual simulation data fromthe DOE
2. 2R nodel was converted to average daily energy consunption and
average daily refrigeration | oad conparison with the engi neering
anal ysis estinmates. DOE al so assessed the nagnitude of interactions
between the refrigeration systemand the buil ding HVAC system

The results of the whol e-building sinmulation showed that climte
| ocati on has no influence on energy consunption of the refrigerated
case conponents for the renpte condensi ng equi pnent cl asses exam ned.
For a given efficiency level, the energy consunpti on of case conponents
is the same for the sinulation and the engineering analysis. In
addition, climate |ocation was shown to have relatively little
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i nfl uence on conpressor energy consunption for equi pnent classes with
doors, where display case infiltration levels are relatively | ow
Climate conditions do have a significant inpact on conpressor energy
consunption for open equi pment. Conpressor energy consunption is
determined by total refrigeration |oad and conpressor efficiency, both
of which are affected by climate conditions for renote condensing

equi prent .

In general, the average daily refrigeration |oad fromthe DCE 2. 2R
simul ations was smaller than that predicted by the engineering
anal ysis, due to differences between the building space conditions
t hroughout the year captured by the sinmulations and the space
conditions used for the steady-state rating of equi pnent used in the
engi neering anal ysis. The actual energy consunption of the conpressors
was, however, generally higher than that predicted by the engineering
anal ysis. The difference in energy consunption is due to the
af orenmenti oned differences in refrigeration |oads, the fact that the
simul ati on accounts for changes in condensing tenperatures over the
year for each climte, and the additional superheat |oads cal cul ated by
the simulation software to bring the return refrigerant return vapor up
to the conpressor suction tenperature conditions, which is estinmated to
be 65[deg]F (the ARl rating condition used to provide rated conpressor
per f or mance) .

Anal ysi s of the annual refrigeration system energy savings for each
of 3 efficiency |evels above the baseline level were all within 14
percent of that predicted by the engi neering analysis for 6 equi prment
classes across all efficiency levels and clinmates exani ned. Net energy
savi ngs averaged 8 percent higher for the highest efficiency |eve
exam ned. For the renote condensing VOP.RC. L equi prent class the annua
energy savi ngs deviated by as nuch as 21 percent. No shipments for this
equi prent class were reported by ARI. Actual shipnents, if any, are
expected to be small. This suggests that for the nmajority of commerci al
refrigeration equi pnent, the energy savings predicted by the test
procedure agreed reasonably well with the annual sinulation results,
al t hough the inpact of individual design options may differ.

Esti mat es of whol e-buil ding energy consunption and refrigeration
energy consunption were exam ned at selected efficiency |levels and
climate locations to deternmine if the design options considered in the
engi neering anal ysis woul d have a significant effect on building HVAC
energy use. The influence of refrigeration equipnent efficiency changes
on HVAC system energy use varies dependi ng on the design option. For
exampl e, inmproved display case lighting efficiency would reduce the
energy consunption of the refrigeration systemand potentially the air-
condi tioni ng system depending on lighting placenment. Reduced
conduction and radiation loads in the refrigeration equi prent woul d, by
contrast, increase the air-conditioning | oad and subsequent energy
consunpti on while decreasing the heating |oad. For all equipment
cl asses and efficiency |evels exan ned, the annual whol e-buil ding
energy savings was within 10 percent of that calculated for the
refrigeration system alone. For the highest efficiency |evel exam ned,
savings were within 1.4 percent. The sinulation results suggest that
the collective inpact of the design options considered does not
significantly affect the HVAC energy consunpti on.

In the energy use characterization, DOE used whol e-buil di ng
simulation to explore the relative energy savings of refrigeration
systenms and whol e-bui |l di ng energy use for supernmarkets. Wile there
were sonme differences in the annual energy use predicted by the whol e-
buil ding sinulation and that derived in the engineering anal ysis, DOE
concl udes that these differences were generally snall

Bot h t he engi neering anal ysis and t he whol e-buil di ng sinmulation
presunmed that display case lighting operated 24 hours per day. |n many
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applications, display case lighting may not be required 24 hours per
day. DOE conducted a sensitivity analysis to explore how variation in
di splay case lighting operating hours affected the energy savings. This
sensitivity anal ysis was done for all equipnment classes using the

engi neering anal ysis spreadsheet and the design options considered for
each equi pment class. No such anal ysis could be done using the
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i ndustry-supplied efficiency curves as details on conponent energy
consunption were not provided with these curves. The sensitivity

anal ysi s showed that energy savings were reduced as |ighting operating
hours were reduced for all equi pnent classes that used display case
lighting. The magnitude of this effect depended upon the equi pnent
class. For a 20-hour lighting time assunption, the reduction in energy
savi ngs was between 1 percent and 6 percent. For a 16-hour |ighting
time assunption, the reduction in energy savings was between 2 percent
and 15 percent. DOE s anal ysis suggests that typical |ighting operating
hours for nost classes of comercial refrigeration equipnent would fall
within the range of 16 to 24 hours per day, depending on store
operating hours, use of lighting during after-hours case stocking, and
typical lighting operation or controls used for unoccupi ed peri ods.

Di spl ay case lighting hours may al so depend on the business type as
conveni ence stores have distinctly different operating hours than other
segnments of the food retail industry.

Because of the sensitivity of the annual energy savings to display
case lighting hours and the lack of data on actual lighting use, DOE
specifically seeks feedback on the assunption of 24 hours for case
lighting operation. This is identified as |Issue 6 under " |ssues on
Whi ch DOE Seeks Comment'' in section IV.E of this ANOPR

Al so, DCE specifically seeks feedback on operati on and mai nt enance
practices for conmercial refrigeration equipnment, which may be
prevalent in the field and may differ from standardi zed conditi ons,
such as those represented in a test procedure. Operation and
mai nt enance practices could potentially affect the energy consunption
savings experienced in the field as a result of increased energy
ef ficiency as conpared to those savings estimated in the TSD s energy
consunption anal ysis under idealized testing conditions. These factors
i nclude: conpressor operation that is inefficient due to age or sone
ot her condition associated with the conpressor unit; location of a
commercial refrigeration unit adjacent to an outside door or in direct
sunlight; operation of a roomcooling fan nearby the comercia
refrigeration unit; a unit routinely stocked with products that are
significantly under or over the ambient roomtenperature; overstocking
of a unit; frequency and pronptness of repair/mintenance of a unit;
operation of doors during periods of high volunme use; frequency of
cooling coil cleaning; nmaintenance of sufficient space surrounding a
unit for proper air circulation or proper operation of air vents; and
wear/tear of, or damage to, door seals and hinges on a unit. Such
factors may or nmay not be associated with use of a unit in the field,
and thus their inpacts would be difficult to analyze in a quantitative
manner. Neverthel ess, these factors are anong those comonly
hi ghlighted in energy use reduction guidelines as inportant to
achi eving the maxi mum energy efficiency for the given unit. Therefore,
DCE requests coment on the frequency that such factors conme in to play
in energy use in the field, and whether and how DOE m ght account for

these factors in assessing the overall inpacts of the candi date
standards levels for conmercial refrigeration equipnment. This is
identified as Issue 7 under " "Issues on Which DCE Seeks Comment'' in

section I V. E of this ANOPR
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In determ ning the reduction in energy consunption of conmerci al
refrigeration equi prent due to increased efficiency, DCE did not take
into account a rebound effect. The rebound effect occurs when a piece
of equipment that is made nore efficient is used nore intensively, so
that the expected energy savings fromthe efficiency inprovenent do not
fully materialize. Because comrercial refrigeration equipnment is
operated 24 hours a day, 7 days a week to naintain adequate conditions
for the nerchandi se being retailed, a rebound effect resulting from
i ncreased refrigeration energy consunption seemed unlikely. The
engi neering estimates of energy use al so used a 24-hour |ighting
schedul e; although a sensitivity analysis to a reduced lighting
schedul e was performed. It is possible that under a reduced lighting
schedul e, lower lighting power draw resulting from energy conservation
standards could | ead to equi prent operation strategies with increased
Iighting operating hours; however, DOE has no data with which to
exam ne this inmpact for the comercial refrigeration equi pnent market
and has not taken it into account in the energy use characterization

Addi tional detail on the energy use characterization can be found
in chapter 7 of the TSD

F. Rebuttable Presunption Payback Peri ods

Section 345(e) (1) (A) of EPCA (42 U S.C. 6316(e)(1)(A)) establishes
a rebuttable presunption for commercial refrigeration equipnent. The
rebuttable presunption states that a standard is economically justified
if the Secretary finds that " “the additional cost to the consunmer of
purchasi ng a product conplying with an energy conservation standard
level will be less than three tinmes the value of the energy * * *
savings during the first year that the consuner will receive as a
result of the standard, as cal cul ated under the applicable test
procedure * * * '' (42 U S.C. 6295(0)(2)(B)(iii))

To evaluate the rebuttable presunption, DOE estimted the
addi tional cost of a nore efficient, standard-conpliant unit, and
conmpared this cost to the value of the energy saved during the first
year of operation of the equi pnment as determ ned by ANSI/ ARl Standard
1200-2006. DOE interprets that the increased cost of purchasing a
standard-conpliant unit includes the cost of installing the equi prment
for use by the purchaser. DOE cal cul ated the rebuttabl e presunption
PBP, or the ratio of the value of the increased installed price above
the baseline efficiency level to the first year's energy cost savings.
When this PBP is less than three years, the rebuttabl e presunption is
satisfied; when this PBP is equal to or nore than three years, the
rebuttable presunption is not satisfied.

Rebut t abl e presunption PBPs were cal cul ated based on a distribution
of installed costs and energy prices that included four types of
busi nesses and all 50 States. The rebuttable presunption PBPs differ
fromthe other PBPs calculated in the LCC analysis (see section |II.G 14
of this ANOPR) in that they do not include maintenance or repair costs.
The baseline efficiency level for the rebuttable presunption
calculation is the baseline established in the engi neering analysis.
Fromthe range of efficiency levels for which cost data was deterni ned
in the engineering analysis, DOE selected up to eight efficiency |levels
in each equi pment class, including the baseline efficiency |evel, for
the LCC and subsequent ANOPR anal ysis. The sel ection of these
efficiency levels is discussed in chapter 8 and appendi x F of the TSD
For each equi pnent class the rebuttabl e presunpti on PBP was cal cul at ed
for each efficiency |level higher than the baseline.

Inputs to the PBP calculation are the first seven inputs shown in
Table 11.12 found in section I1.G 2 of this ANOPR

Table 11.11 shows the nationally averaged rebuttable presunption
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paybacks cal cul ated for all equi pnent classes and efficiency |evels.

The hi ghest efficiency level with a rebuttable presunption payback of
|l ess than three years is also shown in Table I1.11 for each equi prment
class. For all equipnent classes analyzed in the ANOPR analysis with
the exception of the SOC. RC. M

[[ Page 41188]]

equi prrent class, the rebuttable presunption criteria were satisfied at
either the maxi mum efficiency | evel exam ned or the next |ower
efficiency | evel exam ned. However, while DCOE has exam ned the
rebuttabl e presunpti on PBPs, DOE has not deterni ned econom c
justification for any of the standard | evels anal yzed based on the
ANCPR r ebuttabl e presunption analysis. The setting of candi date
standard | evels (CSLs) by DOE will take into account the nore detailed
anal ysis of the economic inpacts of increased efficiency pursuant to
section 325(0)(2)(B)(i) of EPCA. (42 U . S.C 6295(0)(2)(B)(i))

Table 11.11.--Rebuttable Presunpti on Payback Periods by
Ef fi ci ency Level and Equi pnent C ass

payback period (years)
Equi pment type e e e e oo
—————————————————————————————————— Hi ghest level with PBP < 3 years
Level 1 Level 2 Level 3 Level 4
Level 5 Level 6 Level 7 Level 8

VOP.RC.M ... e NA 3.2 2.8 2.6
2.7 2.8 2.9 3.1 Level 7
VOP.RC. L. ... e NA 0.5 0.8 1.1
1.2 1.9 NA NA Level 6
VOP.SC. M ... e NA 0.7 0.7 0.8
1.1 1.3 2.0 2.9 Level 8
VCT.RC. M ... e NA 0.3 0.4 0.6
0.8 2.6 3.7 NA Level 6
VCT.RC. L. ... e NA 1.4 1.6 1.8
2.1 2.2 2.3 2.7 Level 8
VCT.SC. ..o e NA 0.2 0.4 0.4
0.6 1.3 1.5 2.0 Level 8
VCS. SC. ..o NA 0.3 0.6 0.6
0.7 0.7 0.8 1.2 Level 8
SVORC.M ... NA 3.2 2.8 2.7
2.8 2.9 3.0 NA Level 6
SVO SC. M ..o NA 0.8 0.8 0.9
1.1 1.3 1.7 2.3 Level 8
SOC.RC. M .. e NA 0.6 1.0 1.1
1.3 2.9 3.6 NA Level 6
HZORC. M .. .. e NA 0.8 1.2 1.5
NA NA NA NA Level 4.
HZO RC L. ... e NA 1.2 1.6 1.7
1.8 1.9 NA NA Level 6
HZO. SC. M ... e NA 0.7 1.0 1.1
1.1 1.2 1.4 1.8 Level 8
HZO. SC. L. ... e NA 0.6 0.6 0.8
0.8 0.9 1.3 1.3 Level 8
HCT. SC. . .o e e NA 0.7 0.7 1.3
1.4 1.4 NA NA Level 6
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G Life-Cycle Cost and Payback Period Anal yses

The LCC and PBP anal yses deternine the econom c inpact of potenti al
standards on consuners. The effects of standards on individua
commerci al consuners include changes in operating expenses (usually
| ower) and changes in total installed cost (usually higher). DOE
anal yzed the net effect of these changes for commercial refrigeration
equi prent, first, by calculating the changes in consurmers' LCCs |ikely
to result froma CSL as conpared to a base case (no new standards). The
LCC cal cul ation considers total installed cost (includes MSP, sales
taxes, distribution channel markups, and installation cost), operating
expenses (energy, repair, and naintenance costs), equipnment lifetine,
and di scount rate. DOE performed the LCC analysis fromthe perspective
of the user of commercial refrigeration equipment.

DCE cal cul ated the LCC for all custoners as if each woul d purchase
a new commercial refrigeration equipnment unit in the year the standard
takes effect. The effective date is the future date when a new standard
becones operative. Section 136(c) of EPACT 2005 anends EPCA to add
section 342(c)(4), 42 U S.C. 6313(c)(4), which directs the Secretary to
issue a final rule for comercial refrigeration equi pmrent not |ater
than January 1, 2009, with the energy conservation standards |evels
effective for equi pnment manufactured on or after January 1, 2012.
Further, the Secretary may issue, by rule, energy conservation
standards levels for other types of comrercial refrigeration equipnent,
with the standard | evels effective for equipnent three or nore years
after a final rule is published. (42 U S.C 6313(c)(4)(B), added by
EPACT 2005, section 136(c)) Consistent with EPCA, DOE used these dates
in the ANOPR anal yses. Further, DOE based the cost of the equi pnment on
projected costs in 2012. However, all dollar values are expressed in
2006 dollars. Annual energy prices are considered for the life of the
commercial refrigeration equi pnent.

DCE al so anal yzed the effect of changes in operating expenses and
installed costs by calculating the PBP of potential standards relative
to a base case. The PBP estimates the anount of tine it would take the
commerci al consuner to recover the increnmentally higher purchase
expense of nore energy efficient equi pment through | ower operating
costs. Simlar to the LCC, the PBP is based on the total installed cost
and the operating expenses. However, unlike the LCC, only the first
year's operating expenses are considered in the calculation of the PBP
Because the PBP does not account for changes in operating expense over
time or the time value of noney, it is also referred to as a sinple
PBP. For nore details on the LCC and PBP anal yses, refer to chapter 8
of the ANOPR TSD.

1. Approach

Recogni zi ng that each commercial building that uses commercia
refrigeration equi prent i s uni que, DCE anal yzed variability and
uncertainty by perfornming the LCC and PBP cal cul ati ons for two
prototype commerci al buil dings (stores) and four types of businesses
(two types of businesses for each prototype store). The first store

prototype is a “~“large'' grocery store, which enconpasses supermarkets
and whol esaler/retailer multi-line stores such as " big-box'' stores,
““war ehouse'' stores, and " supercenters.'' The second prototype is a

““small'' store, which enconpasses conveni ence stores and snal
specialty stores such as neat nmarkets, wi ne, beer, and |iquor stores,
and conveni ence stores associated with gasoline stations. Wthin a
given prototype of store, various types of commercial refrigeration
equi prrent can serve the store's refrigeration needs.
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Aside from energy, the nost inportant factors influencing the LCC
and PBP anal yses are related to the State to which each comercia
refrigeration equi pnent unit is shipped. These factors include energy
prices, installation cost, markup, and sal es tax. The LCC anal ysis
presented here used the predicted energy consunption based on the
engi neering anal ysis (see chapter 5 of the TSD) and reviewed in the
energy use characterization (see chapter 7 of the TSD). Energy
consunption of comercial refrigeration equi pnent cal cul ated using this
approach is not sensitive to climtic conditions, so energy consunption
in the LCC anal ysis does not vary by geographical |ocation
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At the national level, the analysis explicitly nodel ed both the
uncertainty and the variability in the nodel's inputs using probability
di stributions based on the shipnment of units to different States.
2. Life-Cycle Cost Analysis Inputs

For each efficiency | evel analyzed, the LCC analysis requires input
data for the total installed cost of the equipnment, the operating cost,
and the discount rate. Table I1.12 sunmari zes the inputs and key
assunptions used to cal cul ate the econom c inpacts of various
efficiency levels. A nore detailed discussion of the inputs follows.

Table 11.12.--Summary of Inputs and Key Assunptions Used in the Life-
Cycl e Cost Analysis

Basel i ne Manufacturer Selling Price.. Price charged by manufacturer to
ei ther a whol esaler or |arge
customer for baseline equipnent.

St andar d- Level Manufacturer Selling I ncrenental change in

Price | ncreases. manuf acturer selling price for
equi prent at each of the higher
ef ficiency standard | evel s.

Mar kups and Sales Tax................ Associ ated with converting the
manuf acturer selling price to a
custoner price (see chapter 6 of
TSD) .

Installation Price................... Cost to the custoner of
installing the equipnent. This
i ncludes | abor, overhead, and
any miscell aneous materials and
parts. The total installed cost
equal s the custoner equi pnent
price plus the installation
price.

Equi pnrent Energy Consunption......... Site energy use associated with
t he use of conmercia
refrigeration equi pnent, which
i ncludes only the use of
electricity by the equi prment
itself.

Electricity Prices................... Average commercial electricity
price ($/kwh) in each State and
for four classes of conmercia
custoners, as determined from
Energy Information
Admi ni stration (EIA) data for
2003 converted to 2006%.
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El ectricity Price Trends............. Used the AEQ2006 reference case
to forecast future electricity
prices.

Mai ntenance Costs.................... Labor and material costs

associ ated with maintaining the
comercial refrigeration

equi pnrent (e.g., cleaning heat
exchanger coils, checking
refrigerant charge levels, |anp
repl acenent).

Repair Costs........... ... ... Labor and material costs
associated with repairing or
repl aci ng conponents that have
fail ed.

Equi prent Lifetime................... Age at which the comercia
refrigeration equi pnent is
retired fromservice (estinmated
to be 10 years).

Discount Rate........................ Rate at which future costs are
di scounted to establish their
present val ue to conmercia
refrigerati on equi pment users.

Rebound Effect............. ... ....... A rebound effect was not taken
into account in the LCC
anal ysi s.

3. Baseline Manufacturer Selling Price

The baseline MSP is the price charged by manufacturers to either a
whol esal er/distributor or very large custoner for equi pment meeting
existing mninmumefficiency (or baseline) standards. The MSP incl udes a
mar kup that converts the MPC to MSP. DCE obtai ned the baseline MSPs
through industry supplied efficiency-level data supplenmented with a
desi gn-option analysis. Refer to chapter 5 of the TSD for details. MSPs
wer e devel oped for equi pnment cl asses consisting of eight possible
equi prrent families, two possible condensing unit configurations (renote
condensi ng and sel f-contained) and three possible rating tenperatures.
Not all covered equi pnent cl asses have significant actual shipnents
(see chapter 3 of the TSD). The LCC and PBP anal yses have been carried
out on a set of 15 equiprent classes identified earlier.

DCE was not able to identify data on relative shipnents for
equi prrent cl asses by efficiency |evel, nor were equival ent data found
by DOE in the literature or studi es exam ned by DOE. For the equi pnent
for which DCOE perforned a design option analysis as the basis for the
engi neering anal ysis, DOE designated the highest-energy-use equi prent
as Level 1, and selected this as the baseline equi pnent.
4, Increase in Selling Price

The standard-level MSP increase is the change in MSP associ ated
wi th produci ng equi pment at | ower energy consunption |evels associated
with hi gher standards. DCE devel oped MSP increases associated with
decreasi ng equi pnent energy consunption (or higher efficiency) levels
t hrough a conbi nati on of energy consunption | evel and design-option
anal yses. Refer to chapter 5 of the TSD for details. MSP increases as a
function of equi pnent energy consunption were devel oped for each of the
15 equi pment cl asses. Al though the engineering anal ysis produced up to
11 energy consunption | evels, depending on equipnent type, only up to 8
sel ected energy consunption |evels were used in the LCC and PBP
anal yses.
5. Markups

As discussed earlier, overall markups are based on one of three
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di stribution channels, as well as whether the equi pnent is being
purchased for the new construction or the replacenent market. Based on
i nput received by DOE, approximtely 7 percent of equi pnent purchased
by end-use custoners is fromwhol esal er/distributors, 7 percent is from
mechani cal contractors, and 86 percent is through national accounts.
DCE' s understanding is that nost equi pnment replacenents are done
through store renodel s (as opposed to equi pment failure), and that the
di stribution channels and installation process are simlar for the new
and replacenent markets. Available information suggests that the
fraction of equi pnent purchased through the distribution channels is
the sanme for new and repl acenent equi prent.
6. Installation Costs

DOE derived installation costs for comrercial refrigeration
equi prrent fromdata provided in RS Means Mechani cal Cost Data.\23\ RS
Means provi des estinmates on the person-hours required to install
commercial refrigeration equi pnent and the | abor rates associated with
the type of crewrequired to install the equipnent. The installation
cost was calculated by nultiplying the nunber of person-hours by the
correspondi ng | abor rate. RS Means provides specific person-hour and
| abor rate data for the installation of so-called ““nercantile
equi prent' ' (CSI Masterformat Nunmber 11100), which includes conmercia
refrigeration equipnment. Labor rates vary significantly fromregion to
region of the
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country and the RS Means data provide the necessary information to
capture this regional variability. RS Means provi des cost indices that
reflect the labor rates for 295 cities in the United States. Several
cities in all 50 States and the District of Colunbia are identified in
the RS Means data. These cost indices were incorporated into the
analysis to capture variation in installation cost, depending on the

| ocation of the custoner. To arrive at an average index for each State,
the city indices in each State were weighted by their popul ation
Popul ati on weights for the year 2000 fromthe U S. Census Bureau were
used to calculate a wei ghted-average index for each State. Further,
since data was not available to indicate how installation costs vary
with the commercial refrigeration equi pnent type or its efficiency, DCE
considered the installation costs to be fixed, independent of the cost
or efficiency of the equi pment. Even though the LCC spreadsheet allows
for alternative scenarios, DCE did not find a basis for changing its
basic prem se for the ANOPR anal ysi s.

\23\ R S. Means Conpany, Inc. 2005. Mechani cal Cost Data 28th
Annual Edition. Kingston, Mssachusetts.

As described earlier, the total installed cost is the sumof the
equi prent price and the installation cost. DOE derived the custoner
equi pnent price for any given standard |evel by nultiplying the
basel i ne MSP by the baseline markup and adding to it the product of the
incremental MSP and the incremental markup. Because MSPs, markups, and
the sales tax can all take on a variety of val ues dependi ng on
| ocation, the resulting total installed cost for a particular standard
level will not be a single-point value, but rather a distribution of
val ues.
7. Energy Consunption

The electricity consumed by the comrercial refrigeration equi pment
was based on the engineering analysis estimates as described previously
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in section I1.C. 1 after the whol e-building sinulations validation
described in section Il.E
8. Electricity Prices

El ectricity prices are necessary to convert the electric energy
savings into energy cost savings. DOE received several conments on the
devel opnment of electricity prices for its life cycle cost analysis. In
its Framework Docunent, DCE suggested the use of average commercia
electric prices. Comments received from Sout hern Conpany suggested that
due to high load factors, the price of electricity for conmercia
refrigeration custonmers would be | ower than the commrercial average.
(Sout hern Conpany No. 3.4 at p. 170) Pacific Gas & El ectric Conpany
(P&E) conmented it has a heavy ratcheting charge and is converting
custoners to time-of-use nmetering. The very high coincident demand for
commercial refrigeration units could result in DCOE underestimating the
cost of electricity. (P&E No. 3.4 at p. 171) P&E al so questi oned how
DOE woul d handl e the time dependent val uation of energy. (PG&E No. 3.4
at p. 191) Southern Conpany responded that custoners in its region were
not exposed to nmarginal rates because it has cost-based rates.

(Sout hern Company No. 3.4 at p. 193) Both groups supported the use of a
sensitivity analysis by DOE in this area. |In another area of

di scussi on, ACEEE al so commented that AEO el ectricity price forecasts
m ght require revision. (Public Meeting Transcript No. 3.4 at p. 174;
Joint Comment, No. 9 at p. 2) In the latter comment received, the Joint
Conment al so suggested that DOE adopt the load profile and rate
schedul e- (tariff-) based approach to electricity prices that DOE used
in the conmercial unitary air conditioner rul emaki ng. (Joint coment,
No. 9 at p. 2)

DCE decided to use average electricity prices for four classes of
commercial refrigeration equipnent custoners on a State-by-State basis.
This approach will include the regional variations in energy prices and
provide for estinmated electricity prices suitable for the target
mar ket, yet reduce the analysis conplexity. An effort to build tariff-
based costs would have significantly increased the conplexity and tinme
needed for the analysis and it is not clear whether the results of the
analysis will be inproved. The devel opnment and use of State-average
electricity prices by building type is described below and in nore
detail in chapter 8 of the TSD.

9. Electricity Price Trends

Because of the wide variation in electricity consunption patterns,
whol esal e costs, and retail rates across the country, it is inportant
to consider regional differences in electricity prices. DCE used
average effective comercial electricity prices at the State | evel from
the Energy Information Administration (EIA) publication, State Energy
Consunption, Price, and Expenditure Estinmates. The | atest avail able
prices fromthis source are for the cal endar year 2003. These were
adj usted to represent 2006% prices in two steps. First, national data
on the reported average commercial electricity prices fromthe EIA
website, Average Retail Price of Electricity to Utinmate Custoners by
End- Use Sector, were used to adjust the 2003 prices to 2005 prices.
Next, because actual prices were not yet available for the entire year
of 2006, the forecasted ratio between 2006 and 2005 national commrercia
retail electricity prices from AEQ2006 was used to adjust the 2005
State-level prices to 2006%. Furthernore, DCE recogni zed that different
ki nds of businesses typically use electricity in different amunts at
different tinmes of the day, week, and year, and therefore face
different effective prices. To make this adjustnent, DOE used the 2003
Conmrer ci al Bui I di ng Energy Consunption Survey (CBECS) data set to
identify the average prices paid by the four kinds of businesses in
this analysis conpared with the average prices paid by all conmercia
custonmers. The ratios of prices paid by the four types of businesses to

http://a257.g.akamaitech.net/7/257/2422/01jan20071800/edocket.access.gpo.gov/2007/07-3640.htm (62 of 104) [02/08/2007 04:13:11 p.m.]



FR Doc 07-3640

the national average commercial prices seen in the 2003 CBECS were used
as multiplying factors to increase or decrease the average conmercia
2006 price data previously devel oped as necessary for each of the four
ki nds of businesses. Once the electricity prices for the four types of
busi nesses have been adjusted, the resulting prices are used in the
anal ysis. To obtain a wei ghted-average national electricity price, the
prices paid by each business in each State is weighted by the estinmated
sal es of frozen and refrigerated food products, which also serves as
the distribution of comrercial refrigeration equipnent units in each
state, to each prototype building. The State/business type weights are
the probabilities that a given comercial refrigeration equi pment unit
shipped will be operated with a given electricity price. For evaluation
pur poses, the prices and weights can be depicted as a cunul ative
probability distribution. The effective electricity prices range from
approximately 5 cents per kWh to approximately 14 cents per kWh.

The electricity price trend provides the relative change in
electricity prices for future years out to the year 2030. Estimating
future electricity prices is difficult, especially considering that
there are efforts in many States throughout the country to restructure
the electricity supply industry. DOE applied the AEQ2006 reference case
as the default scenario and extrapolated the trend in values fromthe
years 2020 to 2030 of the forecast to establish prices in the years
2030 to 2042. This method of extrapolation is in line with nethods
currently being used by the EIA to forecast fuel prices for the Federa
Ener gy Managenent Program (FEMP). DCE provides a sensitivity analysis
of the life cycle costs saving and PBP results to future electricity
price
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scenari 0os using both the AEQ2006 hi gh-growth and | ow-growth forecasts
in chapter 8 of the TSD
10. Repair Costs

The equi pnent repair cost is the cost to the consuner for replacing
or repairing conponents in the commercial refrigeration equipnent that
have failed. DOE based the annualized repair cost for baseline
ef ficiency equi prent on the foll ow ng expression:

RC = kx EQP/LIFE

Wher e:

RC = repair cost in dollars

k = fraction of equipnent price (estimated to be 0.5)

EQP = baseline equipnment price in dollars, and

LI FE = average lifetine of the equipnent in years (estinmated to be
10 years)

Because data were not available for how the repair costs vary with
equi prent efficiency, DOE held repair costs constant as the default
scenario for the LCC and PBP anal yses.

11. Maintenance Costs

DOE estimated the annualized nmai ntenance costs for commercia
refrigeration equi prent fromdata in RS Means Facilities Miintenance &
Repair Cost Data. RS Means provides estimates on the person-hours,
| abor rates and materials required to nmaintain conmercial refrigeration
equi prrent on a sem -annual basis. DOE used a single figure of $156/year
(2006%) for preventative maintenance for all classes of comrercia
refrigeration equipment. Because data were not avail able for how the
mai nt enance costs vary with equi pnent efficiency, DCE held mai ntenance
costs constant even as equi pnent efficiency increased. Lanp repl acenent
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and other lighting maintenance activities are required nmai ntenance for
commercial refrigeration equi pnent, which DCE considered to be separate
from preventative mai ntenance, and were not itemnized in the
preventative mai ntenance activities described by RS Means. Different
commercial refrigeration equi pnent classes have different nunbers of

| anps (and ballasts) and many of the efficiency options considered in
DOE' s engi neering anal ysis involved changes to the lighting
configuration (lanp, ballast, or use of light emtting di ode (LED)
lighting systens). Because the lighting configurations can vary by
energy consunption |level, DOE estinmated the relative maintenance costs
for lighting by each case type for which a design-option anal ysis was
perfornmed. The net hodol ogy used was to estimate the frequency of

failure and replacenment of individual |ighting conponents, to estimate
the cost of replacement in the field, and to devel op an annualized
mai nt enance cost based on the sumof the total |ighting maintenance

costs (in 2006%) over the estimated life of the equiprment divided by
the estimated life of the equipnent.

Costs for fluorescent |lanp and ballast replacenents were based on
review of the original equipnent manufacturer (OEM costs used in the
engi neering anal ysis, RS Means estimates and cost data from G ai nger,
Inc., and previous studies. DOE estimated the costs of field
repl acenment using | abor cost hours fromRS Means El ectrical Cost Data
for typical lanp or ballast replacenment for other lighting fixtures,
using a 150 percent nultiplier on CEM costs for |anps and ball asts
(provided in the engineering anal ysis spreadsheets) to reflect retail
pricing.

Fl uorescent | anp and ball ast technology is mature, so DOE nade no
change in inflation-adjusted costs for these conponents. However,
because of rapid technol ogical inprovenent, costs for LED | anps are
declining. DCE estimated that costs for replacing LED |lighting fixtures
(believed to occur 6 years after the effective date of the standard)
are 140 percent of the OEMinstalled cost of LED lighting fixtures
today (in 2006%). These LED fixture replacenent costs represent a 30
percent reduction to the current costs for in-the-field replacenent.
DOE recogni zes that both Iife and cost estimates for LED repl acenment
are specul ative and believes it has taken a conservative approach to
estimating price reduction over tinme for this technol ogy. Overhead and
profit factors from RS Means were not consi dered.

12. Lifetinme

DCE defines lifetime as the age when a conmercial refrigeration
equi pnent unit is retired fromservice. DOE based equi pnent lifetinme on
di scussions with industry experts and ot her stakehol ders, and concl uded
that a typical lifetinme of 10 years is appropriate for commercia
refrigeration equi prent. Commercial refrigeration equi pnent units are
typically replaced when stores are renovated--about every 10 years--
which is before the conmercial refrigeration equipnment units would have
physically worn out. Because of this, there is a used-equi pnment market
for commercial refrigeration equi pnent. DOE understands, however, that
the sal vage value to the original purchaser is very |low and thus this
has not been taken into account in the LCC. Chapter 3 of the TSD
Mar ket and Technol ogy Assessnment, contains a discussion of equi pnent
life data and the sources of such data.

DCE understands that the actual lifetine of a conmerci al
refrigeration equipnment unit in the field mght vary fromthe estinated
average 10-year lifetinme, to sone degree, by equi pnent cl ass,
vari ati ons associ ated wi th conponents and manufacturi ng nethods, as
well as store type where the unit is placed in service. Neverthel ess,
the 10-year lifetinme estimate is an inportant benchmark for testing to
a standard | evel of performance, maki ng conparisons of different units
for purchasi ng decisions, and maki ng a reasonabl e quantitative analysis
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of the inpacts that could result fromdifferent standard |evels of
efficiency. Therefore, DCE specifically requests feedback on the
lifetime of commercial refrigeration equipnent and whether, in fact,
this is a significant issue. Were the lifetinme data indicate a
substantial variation fromthe assumed 10-year lifetime, DOE will
performa sensitivity analysis of this variable in the LCC and NES
anal yses and nmay adjust the best estinate of equipnment lifetine as
well. In particular, DOE seeks conment on how | ong these units are
typically maintained in service, on average, either for all equi pnent
covered under this rul emaki ng or by equi pnment class and store type.

Al so, DCE seeks comment on the existence of used-equi pnent markets for
commercial refrigeration equipnent, and the inportance of considering
such markets in its analysis. This is identified as |Issue 8 under

" Issues on Which DCE Seeks Comment'' in section IV.E of this ANOPR
13. Discount Rate

The discount rate is the rate at which future expenditures are
di scounted to establish their present value. DCE received comments on
t he devel opnent of discount rates at the Framework Public Meeting. FPA
suggested that DCOE s anal ysis shoul d consider discount rates for
conveni ence stores separately fromother food stores, but considered
superstores in the same general market as the traditional grocery
store. (FPA No. 3.4 at p. 179) ARl suggested that DOCE consi der
devel opi ng di scount rates explicitly for supercenters. (ARl No. 3.4 at
p. 179)

DCE derived the discount rates for the LCC anal ysis by estimating
the cost of capital for conpanies that purchase comercia
refrigeration equipnment. The cost of capital is commonly used to
estimate the present value of cash flows to be derived froma typica
company project or investnent. Mst conpanies use both debt and equity
capital to fund investments, so their cost of capital is
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the wei ghted average of the cost to the conpany of equity and debt
financing. DOE estimated the cost of equity financing by using the
Capital Asset Pricing Mdel (CAPM. The CAPM anong the nost widely
used nodels to estimate the cost of equity financing, considers the
cost of equity to be proportional to the ampbunt of systematic risk
associated with a conpany. The cost of equity financing tends to be
hi gh when a conpany faces a | arge degree of systematic risk and it
tends to be | ow when the conpany faces a small degree of systematic
risk. To estimate the wei ghted average cost of capital (WACC

(i ncluding the weighted average cost of debt and equity financing) of
commercial refrigeration equi pnent purchasers, DCE used a sanpl e of
compani es involved in groceries and multi-line retailing drawmn froma
dat abase of 7,319 U.S. conpani es on the Danpbdaran Online website. The
WACC approach taken for the determination of the discount rates takes
into account the current tax status of the individual firns on an
overal |l corporate basis. The marginal effects of increased costs and
thus depreciation due to higher cost equi pmrent on the overall tax
status was not eval uat ed.

DCE used a sanple of 23 conpanies to represent the purchasers of
commercial refrigeration equi pnent. For each conpany in the sanple, DOE
derived the cost of debt, percent debt financing, and systenmatic
conmpany risk frominformati on provided at the Danodaran Online Wb
site. It estimated the cost of debt financing fromthe |ong-term
governnent bond rate (4.39 percent) and the standard devi ation of the
stock price. The cost of capital for small, independent grocers,
conveni ence store franchi sees, gasoline station owner-operators, and
others with nore limted access to capital is nore difficult to
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determ ne. Individual credit-worthiness varies considerably, and sone
franchi sees have access to the financial resources of the franchising
corporation. However, personal contacts with a sanple of conmercia
bankers yielded an estimate for the small operator weighted cost of
capital of about 200 to 300 basis points (2 percent to 3 percent) above
the rates for large grocery chains. A central value equal to the
wei ght ed average of large grocery chains, plus 2.5 percent, was used
for small operators. Deducting expected inflation fromthe cost of
capital provides the estinmates of the real discount rate by ownership
category. The average after-tax discount rate, weighted by the
percent age shares of total purchases of comercial refrigeration
equi prent, is 4.76 percent for large grocery stores, 5.66 percent for
multi-line retailers, and 7.26 percent for conveni ence stores and
conveni ence stores associated with gasoline stations.
14. Payback Peri od

The PBP is the ambunt of time it takes the customer to recover the
increnmental |y higher purchase cost of nore energy efficient equipnent
as a result of |lower operating costs. Nunerically, the PBP is the ratio
of the increase in purchase cost (i.e., froma less efficient design to
a nore efficient design) to the decrease in annual operating
expendi tures. This type of calculation is known as a ~“sinple'' PBP,
because it does not take into account changes in operating cost over
time or the time value of noney, that is, the calculation is done at an
effective discount rate of zero percent.

The equation for PBP is:

PBP = [Delta]l C/ [Delta] OC

Wher e:

PBP = payback period in years,

[Delta]IC = difference in the total installed cost between the nore
efficient standard | evel equipnent (energy consunption |evels 2, 3,
etc.) and the baseline (energy consunption |evel 1) equipnent, and

[Delta] OC = difference in annual operating costs.

PBPs are expressed in years. PBPs greater than the life of the
equi prrent nmeans that the increased total installed cost of the nore
efficient equipnment is not recovered in reduced operating costs for the
nmore efficient equipnent.

The data inputs to PBP analysis are the total installed cost of the
equi prrent to the custonmer for each energy consunption | evel and the
annual (first year) operating costs for each energy consunption |evel
The inputs to the total installed cost are the equi pment price and the
installation cost. The inputs to the operating costs are the annual
energy cost, the annual repair cost, and the annual naintenance cost.
The PBP uses the sanme inputs as the LCC anal ysis, except that
electricity price trends and discount rates are not required. Since the
PBP is a “~“sinmple'' (undiscounted) payback, the required electricity
cost is only for the year in which a new energy conservation standard
is to take effect--in this case, the year 2012. The electricity price
used in the PBP cal culation of electricity cost was the price projected
for 2012, expressed in 2006$%, but not discounted to 2006. Di scount
rates are not used in the PBP cal cul ation.

15. Life-Cycle Cost and Payback Period Results

This section presents the LCC and PBP results for the energy
consunption |levels anal yzed. Because the values of nobst inputs to the
LCC anal ysis are uncertain, DOE represents themas a distribution of
val ues rather than a single-point value. Thus, DCE derived the LCC
results also as a distribution of val ues.

DCE provides a sunmary of the change in LCC fromthe baseline by
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percentile groupings of the distribution of results for each of the
equi prrent cl asses in chapter 8 and appendix G of the TSD. A sanple for
one equi pment class (VOP.RC.M is shown in Table I1.13. Table I1.13

al so shows the mean LCC savings and the percent of units with LCC
savings at each of the efficiency |evels.

Table 11.13.--Distribution of Life-Cycle Cost Savings From a Baseline Level (Leve
1) by Efficiency Level for the Vertical Open, Renpte Condensing,
Medi um Tenperature (VOP. RC. M
Equi prent C ass

Decrease in LCC from baseline (Level 1) shown
by percentiles of the distribution of results Per cent

(2006%) Mean of units
Efficiency level oo e
——————————————————————————————————————————————— savi ngs with LCC

0% 10% 20% 30% 40% 50%

60% 70% 80% 90% 100% savi ngs
Level 2.... .. .. . . . $145 $238 $301 $340 $361
$398 $425 $509 $711 $878  $1, 285 $485 100
Level 3... ... .. . . . 317 471 569 634 665
730 775 911 1, 238 1,512 2,169 871 100
Level 4. .. . . .. . . . . 473 686 822 911 952
1,044 1, 106 1,294 1,748 2,127 3, 036 1, 239 100
Level 5..... . .. . . .. 717 1, 048 1, 260 1, 399 1, 464
1, 606 1,703 1,995 2,701 3,290 4,704 1,910 100
Level 6....... . ... .. i 797 1,186 1,435 1, 600 1,681
1, 845 1,958 2,303 3,135 3, 828 5, 497 2,203 100
Level 7...... . . . . .. . .. . 842 1, 288 1,576 1,769 1,863
2,047 2,177 2,574 3,533 4,330 6, 255 2,459 100
Level 8..... .. .. .. .. . .. 835 1, 349 1, 694 1,911 2,021
2,230 2,379 2,839 3, 950 4,871 7,105 2,707 100
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As an exanple of howto interpret the information in Table I1.13,

here is a review of the results for the VOP. RC. M equi prent cl ass. The
efficiency Level 4 in Table I1.13 (row 3) shows that the change in LCC
(zero percentile colum) is a mninmum saving of $473. For 90 percent of
the cases studied (90th percentile), the change in LCCis a reduction
of $2,127 or less. The largest reduction in LCCis $3,036 (100th
percentile). The nean change in LCC is a net savings of $1,239. The
| ast col um shows that 100 percent of the sanple have LCC savi ngs
(i.e., reductions in LCC greater than zero) when conpared to the
basel i ne efficiency |evel

Table 11.14 provides the national average life cycle cost savings
calcul ated for each efficiency | evel when conpared to the baseline
efficiency (Level 1) for all equipnent classes. Review of Table I1.14
shows that every efficiency | evel analyzed generated national average
|ife-cycle cost savings conpared with the baseline efficiency level. It
shoul d be pointed out that 100 percent of the units anal yzed have
positive LCC savings.

Table 11.14.--Average Life-Cycle Cost Savings From a Baseline Level (Level 1) by
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Ef fi ci ency Level and Equi pnent

Nati onal average LCC savi ngs
(2006%)
Equi pment cl ass =~ mmeme e mmmmmmme oo
Level 1 Level 2 Level 3 Level 4 Level 5
Level 6 Level 7 Level 8

VOP.RCM........... ... ... .... 0 485 871 1239 1910
2203 2459 2707

VOP.RC L......... ... ... . ... 0 1209 2604 3512 3470
3443 NA NA

VOP.SC M ......... .. ... ... ... 0 759 883 1006 1265
1328 1487 1482

VCT.RCM........... ... ... ... 0 1046 1309 1596 1750
2362 1925 NA

VCT.RC. L......... ... . .. 0 1179 1650 2105 2949
3333 3684 4272

VCT.SC.l...... . 0 1371 2581 3020 3285
5313 5613 5398

VCS.SCl.. ... 0 398 961 1383 1451
1559 1619 1609

SVORCM........... ... ... . ..... 0 227 500 758 1000
1223 1458 NA

SVOSCM.......... .. i 0 552 588 644 824
841 1200 1186

SCCCRCM ... ... 0 835 1779 1718 1901
1868 1540 NA

HZORC.M........ ... ... ... ...... 0 208 435 490 NA
NA NA NA

HZORC.L........... ... ... ...... 0 234 591 935 1267
1459 NA NA

HZOSC.M........ .. 0 66 286 354 381
445 466 543

HZO.SC. L......... .. ... ... ... .. 0 68 555 1071 1136
1155 1448 1457

HCT.SC.I..... ..o 0 250 315 731 809
835 NA NA

DCE specifically seeks feedback on the validity of selecting Level
1 as the baseline in the LCC analysis. Since higher efficiency
equi prrent are known to be sold into the market, the LCC savings
estimates presented above represent overestimates with respect to the
i fe-cycle savings anticipated for base case efficiencies higher than
Level 1. DCE seeks input on whether a distribution of efficiencies
shoul d be used for the LCC anal ysis baseline (instead of a single
efficiency level), and if so, what data could be used to populate this

distribution. This is identified as |ssue 9 under " |Issues on Wi ch DCE
Seeks Conment'' in section IV.E of this ANOPR
Table 11.15 summari zes the PBP results for each of the efficiency

| evel s for the VOP. RC. M equi pment class. Results are sunmarized for PBP
by percentile groupings of the distribution of results. The chart al so
shows the nmean PBP for each efficiency |evel
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Table 11.15.--Summary of Payback Period Results for the Vertical Open
Renot e Condensi ng, Medi um Tenperature (VOP. RC.M Equi pnent C ass

shown by percentiles of the distribution of results

Efficiency level e
—————————————————————————————————————————————————————————— Mean
0% 10% 20% 30%

40% 50% 60% 70% 80% 90% 100% PBP

Level 2. .. .. . . e 1.4 2.1 2.3 2.8
3.1 3.3 3.5 3.6 3.8 4.1 4.7 3.2

Level 3. .. . . e 1.2 1.8 2.0 2.4
2.7 2.9 3.0 3.1 3.3 3.6 4.1 2.8

Level 4. ... . . . . . . e 1.1 1.8 1.9 2.3
2.5 2.7 2.9 3.0 3.2 3.4 3.9 2.6

Level 5. .. . . e 1.2 1.8 1.9 2.3
2.6 2.8 2.9 3.0 3.2 3.5 4.0 2.7

Level 6. .. ... ... e e 1.2 1.8 2.0 2.4
2.7 2.9 3.0 3.1 3.3 3.6 4.1 2.8

Level 7. .. .. . e 1.3 1.9 2.1 2.5
2.8 3.0 3.2 3.3 3.5 3.8 4.3 2.9

Level 8... ... . .. e 1.4 2.1 2.2 2.7
3.0 3.2 3.4 3.5 3.8 4.0 4.6 3.1

Table 11.16 provides the national average payback cal cul ated for

each efficiency | evel when conpared to the baseline efficiency |evel
(Level 1) for all equipnent classes. Table I1.16 al so shows the
percentage of units reporting PBPs of less than three years. The
results of the anal ysis shows that purchases of higher efficiency
levels resulted in PBPs (with respect to purchase of baseline
efficiency units) of less than four years for any of the efficiency
| evel s considered for any equi pment cl ass.

[[ Page 41194]]

Table 11.16.--National Average Payback Periods by Efficiency Level and
Equi prent C ass

Equi prent cl ass Level 1 Level 2 Level 3 Level 4 Level 5
Level 6 Level 7 Level 8

Nat i onal Average Payback Peri od
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VCT.RCM..... ... .. . NA 0.3 0.4 0.7 0.9
2.7 3.9 NA
VCT.RC L......... ... ... . ... NA 1.4 1.6 1.8 2.1
2.2 2.3 2.7
VCT.SC. l........ i NA 0.3 0.4 0.5 0.6
1.3 1.5 2.1
VCS.SCl.. ..o NA 0.3 0.6 0.6 0.7
0.7 0.8 1.2
SVORCM.......... ... ... ...... NA 3.2 2.8 2.7 2.8
2.9 3.0 NA
SVOSCM.......... ... ... NA 0.8 0.8 0.9 1.1
1.3 1.8 2.4
SCCRCM.... ... ... . NA 0.6 1.0 1.2 1.4
3.1 3.9 NA
HZORCM.......... ... ... ...... NA 0.8 1.2 1.5 NA
NA NA NA
HZORC.L........... ... ... ...... NA 1.2 1.6 1.7 1.8
1.9 NA NA
HZOSC.M........ ... ... ... ..., NA 0.7 1.0 1.1 1.1
1.2 1.4 1.8
HZO.SC. L........... ... ... ..., NA 0.6 0.6 0.8 0.8
0.9 1.3 1.3
HCT.SC. 1 ... .o NA 0.7 0.7 1.3 1.4
1.4 NA NA

VOP.RCM........... ... ... . ..., 0 38 58 74 64
58 50 40

VOP.RC L............ ... ... .... 0 100 100 100 100
100 NA NA

VOP.SC M ........ ... ... . ... .... 0 100 100 100 100
100 98 41

VCT.RCM........... ... ... ... 0 100 100 100 100
60 24 NA

VCT.RC.L......... ... ... ... ... 0 100 100 100 98
94 88 64

VCT.SC. ... ... 0 100 100 100 100
100 100 98

VCS.SC ... 0 100 100 100 100
100 100 100

SVORCM....... ... i 0 38 57 60 58
50 42 NA

SVOSCM........... .. . 0 100 100 100 100
100 100 87

SCCRCM......... 0 100 100 100 100
40 25 NA

HZORC.M........ ... ... .. 0 100 100 100 NA
NA NA NA

HZORC. L........... ... ... ...... 0 100 100 100 100
100 NA NA

HZOSC.M.......... ... ... ..., 0 100 100 100 100
100 100 100

HZO.SC. L......... ... ... ... ...... 0 100 100 100 100
100 100 100

HCT.SC. I ... 0 100 100 100 100
100 NA NA
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DCE enphasi zes that the PBPs shown in Table I1.16 as well as the
rebuttable PBPs shown in Table I1.11 take into account the cunulative
i npact of all technol ogies used in a design option to reach a specific
energy efficiency |evel when conpared to the baseline equi pnent.
Shorter PBP resulting fromthe nbst cost-effective technol ogi es can
of fset longer PBP fromless cost-effective technologies to yield a | ow
overall PBP for the design option. For this reason, the choice of
basel ine efficiency level affects the PBP for higher efficiency |evels.
The LCC spreadsheet allows the user to select alternate baseline
efficiency levels for each equi pnent class and cal cul ate the LCC
savings and PBP for all higher |evels conpared to the sel ected
basel i ne.

Table 11.17 illustrates the inpact of the selection of baseline
| evel on the VCT.RC M equipnent class for the supernarket business type
and using national average energy prices. Note that the values shown in

Table 11.17 differ fromthe values shown in Table Il.14 since the
values in Table I1.17 do not represent a national average devel oped
through the weighting of all business types and fuel costs.
Nevert hel ess, they serve to illustrate the inpact of the selected

baseline efficiency |evel on LCC savings and PBP. The LCC savi ngs and
PBP are shown for four alternate baseline efficiency |evels: Level 1,
Level 2, Level 3 and Level 4. As the baseline efficiency is noved from
Level 1 to Level 4, the life-cycle-cost savings are correspondi ngly
reduced for each of the higher efficiency levels. The efficiency |evel
with the maxi mumlife-cycle-cost savings (level 6) is, however, the
same regardl ess of choice of baseline | evel. Selection of the baseline
| evel at level 6 would show no |ife-cycle-cost savings for higher
| evel s.

The cal cul ated PBP al so changes with selection of alternate
basel ine efficiency levels. As the baseline efficiency is noved from
Level 1 to Level 4, the PBP for each of the higher efficiency |evels,
relative to the sel ected baseline, increases, with the Level 7 PBP
moving from 3.9 years--using Level 1 as the baseline efficiency |evel--
to 6.2 years using Level 4 as the baseline efficiency |evel.

Table 11.17.--Sensitivity of Average Life-Cycle Cost Savings and Payback Peri od
to Selection of Baseline
Efficiency Level for the Vertical Transparent Door, Renpte Condensing, Medium
Tenperature (VCT.RC. M Equi prment

Basel i ne | evel Level 1 Level 2 Level 3 Level 4 Level 5
Level 6 Level 7 Level 8

(2006%)

Level 1.......... . . . ... ... 0 983 1232 1503 1646
2175 1709 NA

Level 2...... . . . . . . .. NA 0 249 520 664
1193 726 NA

[[ Page 41195]]

http://a257.g.akamaitech.net/7/257/2422/01jan20071800/edocket.access.gpo.gov/2007/07-3640.htm (71 of 104) [02/08/2007 04:13:11 p.m.]



FR Doc 07-3640

Level 3.... ... . ... .. .. NA NA 0 271 414
944 477 NA
Level 4... ... . ... .. ... ... NA NA NA 0 144
673 206 NA

(Years)

Level 1.......... .. .. .. ... ... ... NA 0.3 0.4 0.7 0.9
2.7 3.9 NA

Level 2....... ... ... .. ... ... . ... NA NA 0.8 1.2 1.5
3.7 5.2 NA

Level 3....... ... . ... ... . ... NA NA NA 1.6 1.9
4.0 5.6 NA

Level 4...... ... ... .. .. ... ... ... NA NA NA NA 2.4
4.5 6.2 NA

DCE provided a sensitivity analysis of the life-cycle-cost savings
as well as the PBP to the choice of baseline efficiency level in
Chapter 8 of the TSD. DCE presents these findings to facilitate
st akehol der review of the LCC and PBP anal yses. DCE seeks information
and conments relevant to the assunptions, nethodol ogy, and results of
this analysis. See chapter 8 of the TSD for additional detail on the
LCC and PBP anal yses.

H. Shi pnents Anal ysis

This section presents DOE' s shipnents anal ysis, which is an input
to the NIA (section Il1.1) and MA (section I1.K). DOE wi |l undertake
the MA after the ANOPR is published, and will report the results of
the MA in the NOPR

The results of the shipments analysis are driven primarily by
hi storical shipnments data for the 15 equi pment classes of conmerci al
refrigeration equipment under consideration. The nodel estinmates that,
in each year, the existing stock of conmercial refrigeration equi pment
ei ther ages by one year or is worn out and replaced. In addition, new
equi prrent can be shipped into new comercial floor space, and old
equi prent can be renoved through denolitions. DOE chose to anal yze all
efficiency levels analyzed in the LCCin the NIA Because DCE is
assessing i npacts presuning each | evel analyzed represents a possible
standard | evel, DCE refers to the efficiency levels analyzed in the NIA
as ~“candidate standard levels'' (CSLs). Shipments forecasts were
determined for all of the CSLs analyzed in the NIA and NPV anal ysi s.

The shipnents analysis is a description of comrercial refrigeration
equi prrent stock flows as a function of year and age. Wiile there are 15
equi pnent cl asses, the shipnent analysis treats each category of
equi prent i ndependently and wi t hout coupling between them DCE
fornul ated the equations used in the analysis as updates of the
distribution of stock in any given year, as a function of age, to the
followi ng year using the follow ng steps: (1) DCE first converted the
equi prent units to linear feet of display space cooled by those units
by taking the national statistics on sales of equipnment and cal cul ating
equi pnent capacity per linear foot of retail grocery building display
space; (2) DCE used this calculation of existing stock, and the average
age of the equi pnment, as a basis for calculating replacenent sales; (3)
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DCE subtracted replacenent sales fromhistorical total sales statistics
to cal cul ate new sales of commercial refrigeration equipnent; (4) DCE
forecast new sales as a function of new construction of retail food

sal es space; (5) DOE recorded sal es of new and repl acenent equi pnent by
the year sold, and depreci ated each annual vintage over the estimated
life of the equipnment; and (6) DCE allocated sales in each year to the
15 equi pment classes in proportion to their relative historical sales.
Table 11.18 shows the results of the shipnents analysis for the 15
commercial refrigeration equipnent classes for the base case (baseline
efficiency level or Level 1). As equi pment purchase price increases
with higher efficiency levels, a drop in shipnents could be expected
relative to the base case. However, as annual energy consunption is
reduced, there is potentially a countering effect of increased
equi prent sales due to nore frequent installations and use of
commercial refrigeration equipnent by retailers (a potential rebound
effect). Although there is a provision in the spreadsheet for a change
in projected shipnents in response to efficiency |evel increases (or
energy consunption |evel decreases), DOE has no information with which
to calibrate such a relationship. Therefore, for the ANOPR anal ysi s,
DCE presuned that the shipnents do not change in response to the
changi ng CSLs.

Table 11.18. --Forecasted Shipnents for Conmmerci al

Refrigerati on Equi pment, 2012-2042, Level 1 (Base Case)

Thousands of |inear feet shipped by year and equi prent cl ass

Equi pment cl ass

2012
2020 2025 2030 2035 2040 2042 Cunul ati ve
VOP. RC. M . . 423
490 538 591 649 714 742 17574
VOP. RC. ¥ . i e e 0
0 0 0 0 0 0 0
VOP. SC. M . o 28
33 36 40 44 48 50 1182
VCT. RC. M . 30
35 38 42 46 51 53 1255
VCT. RC. L.ttt e e e 420
487 535 587 645 709 737 17456
VCT. SC. |t 10
12 13 14 16 17 18 430
VCS. SC. |ttt 3
3 3 4 4 4 5 107
SVO RC. M . 323
374 411 451 495 545 566 13405
SVO. SC. M . . 43
49 54 59 65 72 75 1769
SOC. RC. M .t 81
94 104 114 125 137 143 3379
[[ Page 41196]]
HZO RC. M . oo e e e 50
57 63 69 76 84 87 2060
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HZO RC. L. . 156 164
181 198 218 239 263 273 6476

HZO SC. M . . 4 4
4 5 5 6 6 6 152

HZO. SC. L. . 8 8
9 10 11 12 13 13 315

HCT. SC. I . o 34 35
39 43 47 52 57 59 1397

* Estimated shipnents of this equi pnent class were zero. The industry requested that
this equi pnent class be included in the rul emaki ng.

Addi tional details on the shipments analysis can be found in
chapter 9 of the TSD

I. National Inpact Analysis

The NI A assesses future NES and the national econom c inpacts of
CSLs. The anal ysis neasures econonic inpacts using the NPV netric
(i.e., future anounts discounted to the present) of total conmerci al
customer costs and savings expected to result from new standards at
specific efficiency levels. For a given CSL, DCE cal cul ated the NPV, as
well as the NES, as the difference between a base case forecast and the
standards case. Additional details on the national inpacts analysis for
commercial refrigeration equipnent are found in chapter 10 of the TSD

DCE determ ned national annual energy consunption as the product of
the annual energy consunption per comrercial refrigeration equi pnent
unit and the nunber of commercial refrigeration equi pnment units of each
vi ntage. This approach accounts for differences in unit energy
consunption fromyear to year. Cumul ative energy savings are the sum of
the annual NES determ ned over the period of analysis. DOE cal cul ated
net econonic savings each year as the difference between tota
operating cost savings and increases in total installed costs.

Cunul ative savings are the sum of the annual NPV.
1. Approach

Over time, in the standards case, nore efficient equipnent
gradual ly replaces less efficient equiprment. This affects the
cal culation of both the NES and NPV, both of which are a function of
the total nunber of units in use and their efficiencies, and thus are
dependent upon annual shipnments and the lifetinme of equi pnment. Both
cal culations start by using the estimate of shipnments and the quantity
of units in service, which are derived fromthe shipments nodel. Wth
regard to the estimation of NES, because nore efficient conmercial
refrigeration equi prent units gradually replace | ess efficient ones,
the energy per unit of capacity used by the comrercial refrigeration
equi prent in service gradually decreases in the standards case relative
to the base case. To estimate the total energy savings for each
candi date efficiency level, DCE first calculated the national site
energy consunption (site energy is the energy directly consuned by the
units in operation) for commercial refrigeration equipnent each year,
beginning with the expected effective date of the standards (2012).
This cal cul ati on was done for the base case forecast and the standards
case forecast. Second, DCE determ ned the annual site energy savings,
which is the difference between site energy consunption in the base
case and in the standards case. Third, DCE converted the annual site
energy savings into the annual anount of energy saved at the source of
electricity generation (the source energy). Finally, DOE sunmed the
annual source energy savings from 2012 to 2042 to calculate the tota
NES for that period. DOE perforned these calcul ations for each CSL.
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2. Base Case and Standards Case Forecasted Efficiencies

A key conponent of DOE s estimates of NES and NPV are the energy
ef ficiencies for shipped equipnent that it forecasts over time for the
base case (wi thout new standards) and for each of the standards cases.
The forecasted efficiencies represent the distribution of energy
ef ficiency of the equi pnent under consideration that is shipped over
the forecast period (i.e., fromthe assuned effective date of a new
standard to 30 years after the standard becones effective). Because key
inputs to the calculation of the NES and NPV are dependent on the
estimated efficiencies, they are of great inportance to the analysis.
In the case of the NES, the per-unit annual energy consunption is a
direct function of efficiency. Wth regard to the NPV, two inputs, the
per-unit total installed cost and the per-unit annual operating cost,
bot h depend on efficiency. The per-unit total installed cost is a
direct function of efficiency while the per-unit annual operating cost,
because it is a direct function of the per-unit energy consunption, is
indirectly dependent on equi pnent efficiency.

The annual per-unit energy consunption is the site energy consuned
by a commercial refrigeration equi pnent unit per year. The annua
energy consunption is directly tied to the efficiency of the unit.
Thus, knowi ng the efficiency of a conrercial refrigeration equi prment
unit determ nes the correspondi ng annual energy consunption. DOE
determ ned annual forecasted market shares by efficiency level that, in
turn, enabled a determination of shipnent-weighted annual energy
consunption val ues.

Because no data were avail able on market shares broken down by
efficiency level, DCE determ ned market shares by efficiency |evel for
commercial refrigeration equi pnent based on its own analysis. First,
DCE converted 2005 shipnent information by equi pnent class into narket
shares by equi pnent class, and then adapted a cost-based nethod sim |l ar
to that used in the NEMS to estinate market shares for each equi pnent
class by efficiency level. This cost-based nmethod relied on cost data
devel oped in the engineering and |ife-cycle cost anal yses as well as
econom ¢ purchase criteria data taken directly from NEMS. Then, from
those market shares and projections of shipnments by equi pnment cl ass,
DCE devel oped the future efficiency scenarios for a base case (i.e.
wi t hout new standards) and for various standards cases (i.e., with new
standards). DOE did not have data to calibrate this approach to actua
mar ket shi pnents by efficiency | evel. Therefore, DOCE specifically seeks
feedback on this econom c-based approach to estimating market shares.
This is identified as Issue 10 under " "Issues on Wi ch DCE Seeks
Comment'' in section IV.E of this ANOPR

DCE devel oped base case efficiency forecasts based on the estinated
mar ket

[[ Page 41197]]

shares by equi pnment class and efficiency |level. Because there are no
historical data to indicate how equi pment efficiencies or relative
equi prrent cl ass preferences have changed over tinme, DCE predicted that
forecasted market shares would remain frozen at the 2012 efficiency
| evel until the end of the forecast period (30 years after the
effective date--the year 2042). Realizing that this prediction very
likely has the effect of causing the estinmates of savings associated
with these efficiency standards to be overstated, DOE seeks comment on
this prediction and the potential significance of the over-estimate of
savings. In particular, DCE requests data that would enable it to
better characterize the likely increases in efficiency that would occur
over the 30-year nodeling period in absence of this rule.

For its deternination of standards case forecasted efficiencies,
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DCE used a ““roll-up'' scenario to establish the market shares by
efficiency level for the year that standards becone effective (i.e.
2012). Information available to DOE suggests that equi pnment shipnents
with efficiencies in the base case that did not nmeet the standard |eve
under consideration would ““roll-up'' to neet the new standard | evel

Al so, available information suggests that all equipnent efficiencies in
t he base case that were above the standard | evel under consideration
woul d not be affected.

DCE specifically seeks feedback on its basis for the forecasted
base case and standards case efficiencies and its prediction on how
standards i npact efficiency distributions in the year that standards
take effect. This is identified as |Issue 11 under " |ssues on \Wich DOE
Seeks Conment'' in section IV.E of this ANOPR In addition, DOE
specifically seeks feedback on whether higher standard | evels in
speci fic equi pment classes are likely to cause commrercial refrigeration
equi prent custonmers to shift to using other, less-efficient equipnent
cl asses for displaying nerchandise. This is identified as |ssue 12
under " |ssues on Wiich DOE Seeks Comment'' in section IV.E of this
ANCPR.

3. National |npact Analysis Inputs

The difference in shipnents by equi pnment efficiency |evel between
the base and standards cases was the basis for determ ning the
reduction in per-unit annual energy consunption that could result from
new st andards. The conmercial refrigeration equipnment stock in a given

year is the total |inear footage of comercial refrigeration equi pment
shi pped fromearlier years that survive in the given year. The NES
spreadsheet nodel keeps track of the total |inear footage of comercia

refrigeration equi pnent units shipped each year. For purposes of the
ANOPR NES and NPV anal yses, DOE estimated that approximately 10 percent
of the existing conmercial refrigeration equipnment units are retired
each year (based on a 10-year average lifetine) and that for units
shipped in 2042, any units still remaining at the end of 2052 are

r epl aced.

The site-to-source conversion factor is the nultiplicative factor
used for converting site energy consunption, expressed in kW, into
primary or source energy consunption, expressed in quads (quadrillion
Btu). DOE used annual site-to-source conversion factors based on U S
average val ues for the comercial sector, calculated from AEC2006,
Tabl e A5. The average conversion factors vary over tinme, due to
projected changes in electricity generation sources (i.e., the power
pl ant types projected to provide electricity to the country).

To estimate NPV, DOCE cal cul ated the net inpact each year as the
difference between total operating cost savings (including electricity,
repai r, and mai ntenance cost savings) and increases in total installed
costs (which consists of MSP, sal es taxes, distribution channe
mar kups, and installation cost). DCE cal cul ated the NPV of each CSL
over the life of the equipnment, using three steps. First, DOE
determ ned the difference between the equi pnent costs under the CSL
case and the base case, to get the net equipnent cost increase
resulting fromthe CSL. Second, DOE determ ned the difference between
the base case operating costs and the CSL operating costs, to get the
net operating cost savings fromthe CSL. Third, DCE determ ned the
di fference between the net operating cost savings and the net equi prment
cost increase to get the net savings (or expense) for each year. DOE
then di scounted the annual net savings (or expenses) for conmercia
refrigeration equi prent purchased on or after 2012 to the year 2007,
and sunmed t he di scounted values to provide the NPV of a CSL. An NPV
greater than zero shows net savings (i.e., the CSL woul d reduce overal
customer expenditures relative to the base case in present val ue
terms). An NPV that is less than zero indicates that the candidate
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energy standard | evel would result in a net increase in custoner
expendi tures in present val ue terns.

Table 11.19 summari zes the NES and NPV inputs to the NES
spreadsheet nodel. For each input a brief description of the data
source is given.

Table 11.19.--National Energy Savings and Net Present Value |nputs

I nput data Descri ption

Shipments......................... Annual shipnents from shi prments
nodel (see chapter 9 Shipnents
Anal ysi s) .

Effective Date of Standard........ 2012.

Base- Case Efficiencies............ Di stribution of base-case shipnents
by efficiency |evel.

St andards-Case Efficiencies....... Di stribution of shipnments by

efficiency |evel for each standards
case. Standards case annual narket
shares by efficiency |level remain
constant over tinme for the base-
case and each standards case.

Annual Energy Consunption per Annual wei ght ed- average val ues are a

Li near Foot. function of energy consunption
| evel , which are established in the
Engi neeri ng Anal ysis (see chapter 5
of the TSD). Converted to a per
i near foot basis.

Total Installed Cost per Linear Annual wei ght ed-average val ues are a

Foot . function of energy consunption
| evel (see chapter 8 of the TSD).
Converted to a per linear foot
basi s.

Repair Cost per Linear Foot....... Annual wei ght ed- average val ues are
constant with energy consunption
| evel (see chapter 8 of the TSD).
Converted to a per linear foot
basi s.

Mai nt enance Cost per Linear Foot.. Annual weighted-average val ue equal s
$156 (see chapter 8 of the TSD),
plus Iighting mai ntenance cost.
Converted to a per linear foot
basi s.

Escal ation of Electricity Prices.. EIA AEQ2006 forecasts (to 2030) and
extrapol ation for beyond 2030 (see
chapter 8 of the TSD).

Electricity Site-to-Source Conversion varies yearly and is

Conver si on. generated by DOE/ El A's NEMS*
program (a tinme series conversion
factor; includes electric
generation, transm ssion, and
di stribution | osses).

Discount Rate..................... 3 and 7 percent real.
Present Year...................... Future costs are discounted to year
2007.
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Rebound Effect.................... A rebound effect (due to changes in
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shi pments resulting from standards)
was not considered in the Nationa
| mpact Anal ysi s.
* Chapter 13 (utility inpact analysis) and chapter 14 (environnental
assessnent) provide nore detail on NEMS

4. National Inmpact Analysis Results
Bel ow are the NES results for each efficiency |evel considered for
the 15 equi pnent cl asses of commercial refrigeration equi pnent
anal yzed. Results are cunulative to 2042 and are shown as prinary
energy savings in quads. Inputs to the NES spreadsheet npdel are based
on wei ght ed-average values, yielding results that are discrete point
val ues, rather than a distribution of values as in the LCC anal ysis.
Table 11.20 shows the NES results for the CSLs anal yzed for each
equi prent cl ass of commercial refrigeration equi pnent. DCE based al
the results on electricity price forecasts fromthe AEQ2006 reference
case. The range of overall cunulative energy inpacts for establishing
st andards above the baseline level (Level 1) for all equipnment classes
is fromO0.12 quad for a standard at Level 2 to 1.73 quads with all
equi prrent at the highest efficiency |level.

Table 11.20.--Cumul ative National Energy Savings for Comrercial Refrigeration
Equi prent (2012-2042) (Quads)

Nati onal energy savings
(quads*, **) by standard | evel
Equi pment class s e

Level 6 Level 7 Level 8

VOP. RC. M . et 0.04 0.07 0.13 0.26
0. 33 0.41 0.52

VOP. RC. L[ dagger] ... v 0. 00 0.00 0. 00 0. 00
0. 00 0. 00 NA

VOP. SC.M . et 0. 00 0.01 0.01 0.02
0.02 0.04 0.06

VCT.RC M . et 0. 00 0.00 0.01 0.01
0.03 0. 03 NA

VCT.RC. L. oot 0. 04 0.08 0.13 0.27
0.36 0. 45 0. 66

VCT. SC. 1o 0. 00 0.00 0.01 0.01
0.02 0.02 0.03

VCS. SC. 1. oot e 0. 00 0.00 0. 00 0. 00
0. 00 0. 00 0.00

SVORC M ..o 0.01 0.03 0. 06 0. 10
0.14 0. 20 NA

SVO SC. M .o oot 0. 00 0.01 0.01 0.01
0.02 0.04 0.05

SOC. RC. M .o ooee e 0.01 0.02 0.02 0.03
0. 06 0. 06 NA

HZO RC. M .o oo oo e e 0. 00 0.00 0.01 NA
NA NA NA

HZO RC. L. v o oot oo 0. 00 0.01 0. 03 0. 05
0. 07 NA NA

HZO SC. M .o oo 0. 00 0.00 0. 00 0. 00
0. 00 0. 00 0.00
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HZO SC. L. ... 0.00 0. 00 0. 00 0. 00
0. 00 0.01 0.01
HCT.SC. ... 0.00 0. 00 0.02 0. 02
0.02 NA NA

* A value of NA neans that no energy savings were calculated for this |l evel of
efficiency. For exanple, a

vertical open, renote condensing, |ow tenperature unit (VOP.RC. L) had only six
possi bl e energy consunption

| evel s and, therefore, only six possible standards. Level 1 = Baseline, so there
woul d be no savings at Level

1 and it has been onmitted fromthe table.
** 0.00 indicates savings are |l ess than 0.005 quadrillion Btu
[ dagger] The VOP.RC. L equi pnment class had no projected shipnments. It was included in
the anal ysis at the request

of the industry.

Bel ow are the NPV results for the CSLs considered for the 15
equi prrent cl asses of conmercial refrigeration equipnment. Results are
cunul ative and are shown as the discounted value of these savings in
dollar terms. The present value of increased total installed costs is
the total installed cost increase (i.e., the difference between the
st andards case and base case), discounted to 2007, and sunmed over the
time period in which DOE eval uates the inpact of standards (i.e., from
the effective date of standards, 2012, to the year 2052 when the | ast
conmercial refrigeration equipnent unit is retired).

Savings are decreases in operating costs (including electricity,
repai r, and mai ntenance) associated with the hi gher energy efficiency
of commercial refrigeration equi prment units purchased in the standards
case conpared to the base case. Total operating cost savings are the
savings per unit rmultiplied by the nunber of units of each vintage
(i.e., the year of manufacture) surviving in a particul ar year.
Commerci al refrigeration equi pment consunes energy and nust be
mai ntai ned over its entire lifetine. For units purchased in 2042, the
operating cost includes energy consunmed and mai ntenance and repair
costs incurred until the last unit is retired fromservice in 2052.

Table 11.21 shows the NPV results for the standard | evels
consi dered for commercial refrigeration equi pnent based upon a seven
percent discount rate. DOE based all results on electricity price
forecasts fromthe AEQ2006 reference case. Detailed results showi ng the
breakdown of the NPV into national equipnent costs and nationa
operating costs are provided in appendix | of the TSD. At a seven
percent discount rate, the range of overall national NPV benefits
calculated for different CSL scenari os above the baseline was from $120
mllion to $1.4 billion. The present value of the installed cost
increase varied froma low of $70 mllion to a high of $1.82 billion
The present value of the operating cost savings for higher standards
varied froma low of $210 million to a high of $3.14 billion

[[ Page 41199]]

Table I1.21.--Cunul ati ve Net Present Value Results Based on a Seven Percent
Di scount Rate (Billion 2006$%)

Standard | evel (billion
2006%) * **
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Equi pment cl ass e e
Level 2 Level 3 Level 4 Level 5
Level 6 Level 7 Level 8

VOP. RC. M . et 0.03 0.07 0.12 0.25
0.31 0.36 0. 40

VOP. RC. L[ AAQQer] . .. .o 0. 00 0.00 0. 00 0. 00
0. 00 NA NA

VOP. SC.M . et 0.01 0.01 0.01 0.02
0. 02 0.03 0.02

VCT.RC M . et 0. 00 0.01 0.01 0.01
0.02 0. 00 NA

VCT. RC. L. o oot 0. 06 0.10 0.16 0. 30
0.37 0.44 0.55

VCT. SC Lo e 0. 00 0.01 0.01 0.01
0. 02 0.03 0.02

VCS. SC. 1. oo e e 0. 00 0. 00 0. 00 0. 00
0. 00 0. 00 0.00

SVORC. M ..o 0.01 0.03 0. 06 0. 09
0.13 0.17 NA

SVO SC. M . eee et 0.01 0.01 0.01 0.02
0.02 0. 04 0.04

o ol = oAl Y 0.01 0.03 0.02 0.03
0. 02 -0.01 NA

HZO RC. M . oo oo 0. 00 0.01 0.01 NA
NA NA NA

740 ol I 0. 00 0. 02 0.04 0. 06
0.08 NA NA

HZO SC. M . o oo oo e 0. 00 0.00 0. 00 0. 00
0. 00 0. 00 0.00

HZO SC. L v o oeee e e e 0. 00 0.00 0.01 0.01
0.01 0.01 0.01

HOT. SCol v v oot e e e e e 0. 00 0.01 0. 02 0.03
0.03 NA NA

* A value of NA neans that no energy savings were calculated for this | evel of
efficiency. For exanple, a

vertical open, renote condensing, |ow tenperature unit (VOP.RC. L) had only six
possi bl e energy consunption

| evel s and, therefore, only six possible standards. Level 1 = Baseline, so there
woul d be no savings at Level

1 and it has been onitted fromthe table.
** 0.00 indicates savings are less than 0.005 quadrillion Btu
[ dagger] The VOP.RC. L equi pnment class had no projected shipnments. It was included in
the anal ysis at the request

of the industry.

Table 11.22 provides the NPV results based on the three percent
discount rate and electricity price forecasts fromthe AEQ2006
reference case. As with the NPV results based upon a seven percent
di scount rate, detailed results show ng the breakdown of the NPV into
national equi pnent costs and national operating costs based upon a
three percent discount rate are provided in appendix | of the TSD. At a
three percent discount rate, the range of overall NPV benefits
calculated for different CSL scenarios above the assumed baseline was
from$360 million to $4.03 billion. The present value of the installed
cost varied froma low of $150 nmillion to a high of $3.57 billion. The
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present val ue of the operating cost savings for higher standards varied
froma |ow of $510 million to a high of $7.51 billion

Table I1.22.--Cunul ati ve Net Present Value Results Based on a Three Percent
Di scount Rate (Billion 2006$%$)

Standard |l evel (billion

Level 2 Level 3 Level 4 Level 5

VOP.RC. M .. 0. 09 0. 20 0.35 0. 69
0. 86 1.03 1.20

VOP.RC.L [dagger]...... ... 0. 00 0. 00 0. 00 0. 00
0. 00 NA NA

VOP.SC. M ..o 0. 02 0. 02 0. 03 0. 06
0. 06 0.08 0.08

VCT.RC. M .. 0.01 0.01 0. 02 0.03
0.05 0. 03 NA

VCT.RC L. .. 0.15 0. 27 0.42 0. 80
1.00 1.21 1.59

VCT.SC. .ot 0.01 0.01 0. 02 0. 02
0. 07 0. 07 0. 07

VCS. SC. | ..o 0.00 0. 00 0. 00 0. 00
0. 00 0. 00 0. 00

SVORC M .. 0. 03 0.09 0.17 0. 26
0. 36 0. 49 NA

SVO SC. M .. 0. 02 0. 02 0. 03 0.05
0.05 0.12 0.12

SCC. RC. M .. 0.02 0. 07 0. 06 0.08
0. 07 0.03 NA

HZO RC. M .. e 0. 00 0. 02 0. 02 NA
NA NA NA

HZO RC. L. .. 0.01 0.05 0.10 0.17
0.21 NA NA

HZO SC. M . .o 0.00 0. 00 0. 00 0. 00
0. 00 0. 00 0. 00

HZO SC. L. .. 0. 00 0.01 0.01 0.01
0. 02 0.02 0.02

HCT. SC. 1. o 0.01 0.01 0. 06 0. 07
0. 08 NA NA

* A value of NA nmeans that no energy savings were calculated for this |l evel of
efficiency. For exanple, a

vertical open, renote condensing, |ow tenperature unit (VOP.RC. L) had only six
possi bl e energy consunption

| evel s and, therefore, only six possible standards. Level 1 = Baseline, so there
woul d be no savings at Level

1 and it has been onmitted fromthe table.
** 0.00 indicates savings are less than 0.005 quadrillion Btu
[ dagger] The VOP.RC. L equi pnment class had no projected shipnments. It was included in
the anal ysis at the request

of the industry.

J. Life-Cycle Cost Sub-Goup Analysis
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The LCC sub-group anal ysis eval uates inpacts of standards on
i dentifiable groups of custoners, such as custoners of different
busi ness types, which may be di sproportionately affected by standards.
In the NOPR phase of this rulemaking, DOE will analyze the LCCs and
PBPs for custoners that fall into those groups. The anal ysis wll
det ermi ne whet her any particular group of conmercial consunmers would be
adversely affected by any of the CSLs.

Al so, DCE plans to exanmine variations in energy prices and energy
use that might affect the NPV of a standard to custoner sub-
popul ati ons. To the extent possible, DOE will obtain estinmates of the
variability of each input parameter and consider this variability

[[ Page 41200]]

in the calculation of custoner inpacts. Variations in energy use for a
particul ar equi pnent type nay depend on factors such as climte and
type of business.

DCE will determine the effect on custonmer sub-groups using the LCC
spreadsheet nodel. The spreadsheet nodel used for the LCC anal ysis can
be used with different data inputs. The standard LCC anal ysis includes
various customer types that use comrercial refrigeration equi pnent. DOE
can analyze the LCC for any sub-group, such as a conveni ence store, by
usi ng the LCC spreadsheet nodel and sanpling only that sub-group

Details of this nmbdel are explained in section |II.G which describes
the LCC and PBP anal yses. DOE will be especially sensitive to purchase
price increases (" first-cost'' increases) to avoid negative inmpacts on

i dentifiable popul ation groups such as small businesses (i.e., those
with | ow annual revenues), which nmay not be able to afford a
significant increase in the price of comercial refrigeration
equi prent. For such custoners that are sensitive to price increases,
increases in first costs of equi pment can preclude the purchase of a
new nodel. As a result, sone custonmers nmay retain equi pnent past its

useful life. This ol der equipment is generally less efficient to begin
with, and its efficiency may deteriorate further if it is retained
beyond its useful life. Large increases in first cost also can possibly

precl ude the purchase and use of equi pnent altogether, resulting in a
potentially large loss of utility to the custoner.

Al t hough busi ness i ncone and annual revenues are not known for the
types of businesses analyzed in the LCC analysis, the floor space
occupi ed by a business nay be an indicator of its annual incone. If
this is generally true, then DOE will be able to perform sub-group
anal yses on snuall er businesses. As stated earlier, DOE can al so use SBA
data for businesses with 750 or fewer enployees as a proxy for
““snal | er businesses.'

K. Manuf acturer |npact Analysis

The purpose of the manufacturer inpact analysis is to identify the
likely inpacts of energy conservation standards on nmanufacturers. DOE
wi Il conduct this analysis with input from manufacturers and ot her
interested parties and will apply this nmethodology to its eval uation of
standards. DCE will al so consider financial inpacts and a w de range of
quantitative and qualitative industry inpacts that m ght occur
followi ng the adoption of a standard. For exanple, a particular
standard |l evel, if adopted by DOE, could require changes to conmercia
refrigeration equipnment manufacturing practices. DOE will identify and
under stand these inpacts through interviews with manufacturers and
ot her stakehol ders during the NOPR stage of its anal ysis.

Recently, DOE announced changes to the format of the nmanufacturer
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i mpact anal ysis through a report submtted to Congress on January 31
2006 (as required by section 141 of EPACT 2005), entitled " Energy
Conservation Standards Activities.'' Previously, DOE did not report any
manuf act urer inpact analysis results during the ANOPR phase; however,
under this new format, DOE has col |l ected, evaluated, and reported
prelimnary information and data in the ANOPR (see section Il.K 6 of
this ANOPR). Such prelimnary information includes the anticipated
conversion capital expenditures by efficiency level and the
correspondi ng anticipated i npacts on jobs. DOE solicited this

i nformation during the ANOPR engi neering anal ysi s nmanufacturer
interviews and reported the results in the prelimnary manufacturer

i npact analysis (see chapter 12 of the TSD)

DCE conducts the nmanufacturer inpact analysis in three phases, and
further tailors the analytical framework based on stakehol der comments.
In Phase |, an industry profile is created to characterize the
i ndustry, and a prelimninary manufacturer inpact analysis is conducted
to identify inportant issues that require consideration. Results of the

Phase | analysis are presented in the ANOPR TSD. In Phase Il, an
i ndustry cash flow nodel and an interview questionnaire are prepared to
gui de subsequent discussions. In Phase |Il, manufacturers are

interviewed, and the inpacts of standards are assessed both
gquantitatively and qualitatively. Industry and sub-group cash flow and
net present val ue are assessed through use of the Governnment Regul atory
I npact Model (GRIM. Then inpacts on conpetition, manufacturing
capacity, enploynment, and regul atory burden are assessed based on

manuf acturer interview feedback and di scussions. Results of the Phase
I'l and Phase Il analyses are presented in the NOPR TSD. For nore
detail on the manufacturer inpact analysis, refer to chapter 12 of the
TSD.

1. Sources of Information for the Manufacturer |npact Analysis

Many of the anal yses descri bed above provide inportant information
applicable to the MA. Such information includes nanufacturing costs
and prices fromthe engineering analysis, retail price forecasts, and
shi pments forecasts. DOE will supplenment this information with conmpany
financial data and other information gathered during interviews its
contractor conducts with manufacturers. This interview process plays a
key role in the manufacturer inpact analysis because it allows
interested parties to privately express their views on inportant
i ssues. To preserve confidentiality, DOE aggregates these perspectives
across manufacturers, creating a conbined opinion or estimate for DCE
Thi s process enables DOE to incorporate sensitive information from
manuf acturers in the rul emaki ng process w thout specifying precisely
whi ch manuf acturer provided a certain set of data.

DCE conducts detailed interviews with manufacturers to gain insight
into the range of potential inpacts of standards. During the
interviews, DCE typically solicits both quantitative and qualitative
information on the potential inpacts of efficiency |levels on sales,
direct enploynent, capital assets, and industrial conpetitiveness. DOE
prefers an interactive interview process, rather than a witten
response to a questionnaire, because it helps clarify responses and
identify additional issues. Before the interviews, DOE will circulate a
draft docunent showi ng the estimates of the financial paraneters based
on publicly available information. DOE will solicit conments and
suggestions on these estinmates during the interviews.

DCE will ask interview participants to identify any confidenti al
information that they have provided, either orally or in witing. DOE

will consider all information collected, as appropriate, inits
deci si on-maki ng process. However, DOE will not nake confidentia
information available in the public record. DOE al so will ask

participants to identify all information that they wi sh to have
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included in the public record, but that they do not want to have

associated with their interview DOE will incorporate this information
into the public record, but will report it without attribution
DCE will collate the conpleted interview questionnaires and prepare

a summary of the major issues. For nore detail on the nethodol ogy used
in the manufacturer inpact analysis, refer to chapter 12 of the TSD.
2. Industry Cash Fl ow Anal ysis

The industry cash flow analysis relies primarily on the GRIM DCE
uses the GRIMto anal yze the financial inpacts of nore stringent energy
conservation standards on the industry.
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The GRI M anal ysis uses several factors to deternine annual cash
flows froma new standard: Annual expected revenues; manufacturer costs
(including COGS, depreciation, research and devel opnent, selling,
general and administrative expenses); taxes; and conversion capital
expendi tures. DOE conpares the results agai nst base case projections
that involve no new standards. The financial inpact of new standards is
the difference between the two sets of discounted annual cash fl ows.

For nore information on the industry cash flow analysis, refer to
chapter 12 of the TSD.
3. Manufacturer Sub-G oup Analysis

I ndustry cost estinmates are not adequate to assess differential
i npacts anong sub-groups of manufacturers. For exanple, small and niche
manuf act urers, or manufacturers whose cost structure differs
significantly fromthe industry average, could experience a nore
negative inpact. ldeally, DCE would consider the inpact on every firm
i ndividually; however, it typically uses the results of the industry
characterization to group manufacturers exhibiting simlar
characteristics.

During the interview process, DOE will discuss the potential sub-
groups and sub-group menbers it has identified for the analysis. DOE
wi Il encourage the manufacturers to recommend sub-groups or

characteristics that are appropriate for the sub-group analysis. For
nmore detail on the manufacturer sub-group analysis, refer to chapter 12
of the TSD
4, Conpetitive | npacts Assessnent

DCE nust al so consi der whether a new standard is likely to reduce
i ndustry competition, and the Attorney General nust determ ne the
impacts, if any, of any reduced conpetition. DOE will make a determ ned
effort to gather and report firmspecific financial information and
i npacts. The conpetitive analysis will focus on assessing the inpacts
on smaller manufacturers. DOE will base this assessnent on
manuf act uri ng cost data and on information collected frominterviews
with manufacturers. The manufacturer interviews will focus on gathering
information to hel p assess asymmetrical cost increases to sone
manuf acturers, increased proportions of fixed costs that could increase
busi ness risks, and potential barriers to market entry (e.g.,
proprietary technol ogies).
5. Cunul ative Regul atory Burden

DCE recogni zes and seeks to nmitigate the overlapping effects on
manuf act urers of new or revised DOE standards and other regul atory

actions affecting the sane equi pnent. DOE will anal yze and consi der the
i npact on manufacturers of multiple, equipnent-specific regulatory
actions.

Based on its own research and di scussions with manufacturers, DCE
identified several regulations relevant to conmercial refrigeration
equi prrent, including: existing or new standards for conmercia
refrigeration equi prent, phaseout of hydrochl orofl uorocarbons and foam
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i nsul ati on bl owi ng agents, standards for other equi pnent nmade by
commercial refrigeration equi pnent manufacturers, State energy
conservation standards, and international energy conservation
standards. DCE will study the potential inmpacts of these cunul ative
burdens in greater detail during the MA conducted during the NOPR
phase.

6. Prelimnary Results for the Manufacturer |npact Analysis

DCE received views from nmanufacturers about what they perceived to
be the possible inpact of potential new standards on their future
profitability. As stated by nmanufacturers, a new energy conservation
standard has the potential to inpact financial performance in severa
different ways. The capital investnment needed to upgrade or redesign
equi prent and equi pment platforns before they have reached the end of
their useful life can require conversion costs that otherw se woul d not
be expended, resulting in stranded investments. In addition, nore
stringent standards can result in higher per-unit costs that may deter
sone custonmers from buying higher-margin units with nore features,

t her eby decreasi ng manufacturer profitability.

DOE estimates that a comercial refrigeration equi pment production
line would have a life cycle of approximately 15 to 20 years in the
absence of standards. During that period, manufacturers would not nake
maj or changes that altered the underlying platforns. Thus, a standard
that took effect and resulted in a mjor equipnent platformredesign
before the end of the platforms |ife would strand a portion of the
earlier capital investnents.

DOE asked manufacturers what | evel of conversion costs they
anticipated if energy conservation standards were to take effect. In
general, manufacturers expected only conversion costs associated with
redesi gning of insulation foam ng fixtures. One manufacturer estimated
this to be approximately $10 nmillion in new fixtures, research, and
testing. Manufacturers indicated there woul d not be a significant
anmount of stranded assets because of standards, but any stranded assets
that did exist would be primarily in the insulation foam ng fixtures.
The manufacturers al so indicated that standards would have little
ef fect on capacity and utilization

The i npact of new energy conservation standards on enploynent is an
i mportant consideration in the rul enaki ng process. To assess how
donestic empl oyment patterns might be affected by new energy
conservation standards for commercial refrigeration equi pmrent, DOE
posed several questions related to this topic to manufacturers.

Over the past several years, some commercial refrigeration
equi prent manuf acturers have noved a portion of their production out of
the United States, primarily driven by concerns about profitability and
the opportunity for [ower |abor costs. Mexico is the npbst common
|l ocation for U S. manufacturers to establish new production capacity,
since it offers low | abor rates relative to the United States and
proximty to the U S. market. Manufacturers indicated that they
anticipate new standards will accelerate the trend to manufacture
commercial refrigeration equipnent outside of the United States.
Further, new standards may accelerate the rate at which conmerci al
refrigeration equi pment production is noved to Mexico because if
manuf acturers need to nmake | arge capital investnents to produce
redesi gned equi pnent platforns, they have strong financial incentives
to invest in a location with | ower |abor costs.

Manuf acturers indicated that new standards could cause themto exit
one or nore portions of the markets affected by the standards. Thus,
standards coul d affect the degree of industry consolidation, that is,
the degree to which a limted nunber of conpani es dom nate a narket. At
present, four conpanies account for a large majority of commerci al
refrigeration equi pment sal es.
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DCE asked manufacturers to what degree they expected industry
consolidation to occur in the absence of standards. In general
manuf acturers felt that there would be little industry consolidation in
the future. Historically, the conmercial refrigeration equipnment
i ndustry has not seen extensive consolidation, although severa
manuf act urers have been bought and sold by parent conpanies in the
past .

For nore prelinmnary results for the manufacturer inpact analysis
such as other inpacts on financial performance, inpacts on utility and
performance, and
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additional details on the inpacts of cunulative regul atory burden
refer to chapter 12 of the TSD

L. Utility Inmpact Analysis

The utility inpact analysis estimates the effects on the utility
i ndustry of reduced energy consunption due to inproved appliance
efficiency. The analysis conpares nodeling results for the base case
with results for each candi date standards case. It consists of
forecasted differences between the base and standards cases for
electricity generation, installed capacity, sales, and prices.

To estimate these effects of proposed commercial refrigeration
equi prrent standard levels on the electric utility industry, DCE intends
to use a variant of the EIA's NEVMS.\24\ ElIA uses NEMS to produce the
2007 Annual Energy Qutl ook (AEO). DOE will use a variant known as NEMS-
Bui | di ng Technol ogies (BT) to provide key inputs to the anal ysis. NEMS-
BT produces a wi dely recogni zed reference case forecast for the United
States and is available in the public domain.

\24\ For nore information on NEMS, please refer to the US
Depart nment of Energy, Energy Informati on Adm nistration
docunentati on. A useful summary is National Energy Mdeling System
An Overvi ew 2000, DCE/ El A-0581(2000), March 2000. DOE/ El A approves
use of the name NEMS to describe only an official version of the
nmodel without any nodification to code or data. Because this
anal ysis entails sone mnor code nodifications and the nodel is run
under various policy scenarios that are variati ons on DOE El A
assunptions, in this analysis, DOE refers to it by the name NEMS-BT.

The use of NEMS-BT for the utility inmpact analysis offers severa
advantages. As the official DCE energy forecasting nodel, it relies on
a set of assunptions that are transparent and have received w de
exposure and comentary. NEMS-BT allows an estinmate of the interactions
bet ween the various energy supply and denand sectors and the econony as
a whole. The utility inmpact analysis will determ ne the changes in
installed capacity and generation by fuel type produced by each CSL, as
wel |l as changes in electricity sales to the conmercial sector

DOE conducts the utility analysis as a policy deviation fromthe
AEQ2007, applying the sanme basic set of prem ses. For exanple, the
operating characteristics (e.g., energy conversion efficiency,
em ssions rates) of future electricity generating plants are as
specified in the AEQ2007 reference case, as are the prospects for
natural gas supply. DOE also will explore deviations fromsone of the
reference case prem ses, to represent alternative futures. Two
alternative scenarios use the high and | ow econonic growh cases of
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AEQ2007. (The reference case corresponds to nediumgrowth.) The high
econom ¢ growm h case projects higher growth rates for popul ation, | abor
force, and | abor productivity, resulting in [ower predicted inflation
and interest rates relative to the reference case and hi gher overal
aggregate econom c grow h. The opposite is true for the | ow growh
case. Starting in 2012, the high growmh case predicts growh in per
capita gross donmestic product of 3.5 percent per year, conpared with
3.0 percent per year in the reference case and 2.5 percent per year in
the low gromh case. Wiile supply-side growmh determ nants are varied
in these cases, AEQ2007 uses the sane reference case energy prices for
all three economc growth cases. Different econom c growh scenarios
will affect the rate of growth of electricity demand.

The electric utility industry analysis will consist of NEMS-BT
forecasts for generation, installed capacity, sales, and prices. The
NEMS- BT provi des reference case | oad shapes for several end uses,

i ncludi ng commercial refrigeration. The nodel uses predicted growth in
demand for each end use to build up a projection of the total electric
system |l oad growth for each region, which it uses in turn to predict
the necessary additions to capacity. The NEMS-BT accounts for the

i mpl enment ati on of energy conservation standards by decrenenting the
appropriate reference case | oad shape. DOE determines the size of the
decrenent using data for the per-unit energy savings developed in the
LCC and PBP anal yses (see chapter 8 of the TSD) and the forecast of

shi pments devel oped for the NIA (see chapter 9 of the TSD)

The predicted reduction in capacity additions is sensitive to the
peak | oad inpacts of the standard. DOE will investigate the need to
adjust the hourly load profiles that include this end use in NEMS-BT.
Si nce the AEQ2007 version of NEMS-BT forecasts only to the year 2030,
DOE nust extrapolate the results to 2042. DOE will use the approach
devel oped by EIA to forecast fuel prices for the FEMP. FEMP uses these
prices to estimate LCCs of Federal equipnent procurenents. For
petrol eum products, ElIA uses the average growh rate for the world oi
price over the years 2010 to 2025, in conbination with the refinery and
di stribution markups fromthe year 2025, to determ ne the regional
price forecasts. Simlarly, ElA derives natural gas prices from an
average growth rate figure in conbination with regional price margins

fromthe year 2025. Results of the analysis will include changes in
conmercial electricity sales, and installed capacity and generation by
fuel type, for each trial standard level, in five-year, forecasted

increments extrapolated to the year 2040.
M Enpl oynment | npact Anal ysis

DCE estimates the inpacts of standards on enpl oynent for equi prent
manuf acturers, relevant service industries, energy suppliers, and the
econony in general. Both indirect and direct enploynent inpacts are
covered. Direct enploynment inpacts would result if standards led to a
change in the nunber of enployees at manufacturing plants and rel ated
supply and service firms. Direct inpact estimtes are covered in the
M A

I ndi rect enploynent inpacts are inpacts on the national econony
other than in the manufacturing sector being regulated. |ndirect
i mpacts may result both from expenditures shifting anong goods
(substitution effect) and changes in income which |ead to a change in
overall expenditure levels (inconme effect). DOE defines indirect
enpl oynent inpacts from standards as net jobs elimnated or created in
the general econony as a result of increased spending driven by the
i ncreased equi pnent prices and reduced spendi ng on energy.

DCE expects new standards to increase the total installed cost of
equi prrent (i ncludes MSP, sal es taxes, distribution channel markups, and
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installation cost). DOE al so expects the new standards to decrease
energy consunption, and thus expenditures on energy. Over tine,
increased total installed cost is paid back through energy savings. The
savings in energy expenditures may be spent on new conmercia

i nvestnent and ot her itens.

Usi ng an input/out put nodel of the U S. econony, this analysis
seeks to estimate the effects on different sectors and the net inpact
on jobs. DCE will estimate national enploynent inpacts for ngjor
sectors of the U S. econony in the NOPR, using public and comercially
avai |l abl e data sources and software. DOE will make all nethods and
docunentation available for review

DCE devel oped | npact of Sector Energy Technol ogies (InSET), a
spreadsheet nodel of the U S. econony that focuses on 188 sectors nost
relevant to industrial, conmmercial, and residential building energy
use.\ 25\ InBET is a speci al - purpose version of
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the U. S. Benchmark National |nput-Qutput (1-0O nodel, which has been
designed to estimate the national enploynment and inconme effects of
energy saving technol ogi es that are deployed by the DCE O fice of
Energy Efficiency and Renewabl e Energy. In conparison with previous
versions of the model used in earlier rul emakings, the current version
allows for nore conplete and automated anal ysis of the essenti al
features of energy efficiency investnents in buildings, industry,
transportation, and the electric power sectors.

\25\ Roop, J. M, M J. Scott, and R W Schultz. 2005. |nBET:
I npact of Sector Energy Technol ogi es. PNNL-15273. Pacific Northwest
Nati onal Laboratory, Richland, WA

The I nSET software includes a personal conputer-based |-0O nodel
with structural coefficients to characterize economc flows anong the
188 sectors. InBSET's national economc |-O structure is based on the
1997 Benchmark U. S. table (Lawson, et al. 2002),\26\ specially
aggregated to 188 sectors. The tinme scale of the nodel is 50 years.

\26\ Lawson, Ann M, Kurt S. Bersani, Mhnaz Fahi m Nader, and
Jiem n GQuo. 2002. " Benchnmark | nput-CQutput Accounts of the U S
Econony, 1997,'' Survey of Current Business, Decenber, pp. 19-117

The nodel is a static |-O nodel, which allows a great deal of
flexibility concerning the types of energy efficiency effects that can
be accommopdat ed. For exanple, certain econonic effects of energy
efficiency inprovenents require an assessnent of inter-industry
purchases, which is handled in the nodel. Sonme energy efficiency
investnments will not only reduce the costs of energy in the economny but
the costs of |abor and ot her goods and services as well, which is
accommodat ed through a recalculation of the I-O structure in the nodel.
Qut put fromthe InSET nodel can be used to estimte changes in
enpl oynent, industry output, and wage incone in the overall U S
econony resulting fromchanges in expenditures in the various sectors
of the econony.

Al t hough DOE intends to use InSET for its analysis of enploynent
impacts, it welcones input on other tools and factors it m ght
consider. For nore information on the enploynent inpacts analysis,
refer to chapter 14 of the TSD
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N. Environnmental Assessment

DCE will assess the inpacts of proposed commercial refrigeration
equi prrent standard | evels on certain environmental indicators, using
NEMS- BT to provide key inputs to the analysis. The environnental
assessnent produces results in a manner simlar to those provided in

the AEQ
The intent of the environnental assessnment is to provide estinates
of reduced powerplant enmissions and to fulfill requirenents to properly

quantify and consider the environmental effects of all new Federal

rul es. The environmental assessnent that will be produced by NEMS- BT
considers two pollutants (sul fur dioxide (SQ) and nitrogen

oxi des (NOX)) and one other emi ssion (carbon). The only form

of carbon the NEMS-BT nodel tracks is carbon dioxide (CO2).

Therefore, the only carbon discussed in this analysis is in the form of
CX2. For each of the CSLs, DOE will calculate total

undi scount ed and di scounted eni ssions using NEMS-BT and will use
external anal ysis as needed.

DCE wi Il conduct the environnmental assessnent as an increnental
policy inpact (i.e., a comrercial refrigeration equi pment standard) of
the AEQ2007 forecast, applying the sanme basic set of assunptions used
in AEQ2007. For exanple, the em ssions characteristics of an
electricity generating plant will be exactly those used in AEQ2007.

Al so, forecasts conducted with NEMS-BT consider the supply-side and
demand-si de effects on the electric utility industry. Thus, DCE s

anal ysis will account for any factors affecting the type of electricity
generation and, in turn, the type and anount of airborne em ssions
generated by the utility industry. The NEMS-BT nodel tracks carbon

em ssions with a specialized carbon em ssions estimation subroutine,
produci ng reasonably accurate results due to the broad coverage of all
sectors and inclusion of interactive effects. Past experience with
carbon results from NEMS- BT suggests that emni ssions estimtes are
somewhat | ower than em ssions based on sinple average factors. One of
the reasons for this divergence is that NEMS-BT tends to predict that
conservation di spl aces generating capacity in future years. On the
whol e, NEMS- BT provi des carbon emissions results of reasonable
accuracy, at a level consistent with other Federal published results.

NEMS- BT al so reports SO2 and NOX, which DOE
has reported in past analyses. The Clean Air Act Amendnents of 1990 set
an SO2 em ssions cap on all power generation. The attai nment
of this target, however, is flexible anong generators through the use
of em ssions allowances and tradable pernits. Al though NEVS-BT incl udes
a nodule for SO2 all owance tradi ng and delivers a forecast of
SO2 al |l owance prices, accurate sinulation of SO2
trading inmplies that the effect of energy conservation standards on
physi cal em ssions will be zero because enmissions will always be at or
near the ceiling. This fact has caused consi derable confusion in the
past. However, there nay be an SO2 benefit from energy
conservation, in the formof a |ower SO2 all owance price.

Since the inpact of any one standard on the all owance price is likely
smal |l and highly uncertain, DCE does not plan to nonetize any potenti al
S2 benefit.

NEMS al so has an algorithmfor estimati ng NOX em ssions
from power generation. The inpact of these enissions, however, will be
affected by the Clean Air Interstate Rule (CAIR), which the U S.

Envi ronmental Protection Agency issued on March 10, 2005.\27\ CAIR will
permanently cap eni ssions of NOX in 28 eastern States and

the District of Colunmbia. 70 FR 25162 (May 12, 2005). As with

SO2 em ssions, a cap on NOX em ssions neans that
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equi prrent energy conservation standards may have no physical effect on
these em ssions. When NOX enissions are subject to em ssions

caps, DOE's em ssions reduction estimate corresponds to increnental
changes in the prices of emissions allowances in cap-and-trade

em ssions markets rather than physical enissions reductions. Therefore,
while the enissions cap may nean that physical em ssions reductions
will not result from standards, standards coul d produce an
environnmental -rel ated econom ¢ benefit in the formof |ower prices for
em ssions all owances. However, as with SO2 al |l owance pri ces,

DOE does not plan to nonetize this benefit because the inpact on the
NOX al | owance price fromany single energy conservation

standard is likely small and highly uncertain.

The results for the environmental assessnent are simlar to a
conpl ete NEMS run as published in the AEQ2007. These results include
power sector enissions for SO2, NOX, and carbon in five-year forecasted
increments extrapol ated to 2042. The outcome of the analysis for each
CSL is reported as a deviation fromthe AEQ2007 reference (base) case.
For nore detail on the environnmental assessnent, refer to the
envi ronnment al assessnent report of the TSD

O Regul atory Inpact Analysis

DCE will prepare a draft regulatory inpact analysis in conpliance
with Executive Order 12866, "~ Regulatory Planning and Review '' which
will be subject to review by the Ofice of Managenent and Budget's
Ofice of Informati on and Regul atory Affairs (O RA). 58 FR 51735
(Sept ember 30, 1993).
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As part of the regulatory inpact analysis (and as discussed in
section Il.K of this ANOPR), DOE will identify and seek to mitigate the
overl apping effects on manufacturers of new or revi sed DOE standards
and other regulatory actions affecting the sane equi prent. Through
manuf acturer interviews and literature searches, DOE will compile
i nformation on burdens from existing and inpendi ng regul ati ons
affecting commercial refrigeration equi pnrent. DOE al so seeks input from
st akehol ders about regulations it shoul d consi der

The regul atory inpact analysis also will address the potential for
non-regul atory approaches to supplant or augment energy conservation
standards to inprove the efficiency of comercial refrigeration
equi prent. The followi ng list includes non-regul atory neans of
achi evi ng energy savings that DOE can consi der.

No new regul atory action

Consuner tax credits

Manufacturer tax credits

Per f or mance st andards

Rebat es

Vol untary energy efficiency targets
Early repl acenent

Bul k governnent purchases

The TSD, in support of DOE's NOPR, will include an analysis of each
alternative, the nethodol ogy for which is discussed briefly bel ow
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DCE will use the NES spreadsheet npdel (as discussed in sections
I.B.5 and Il.1 of this ANOPR) to cal culate the NES and the NPV
corresponding to each alternative to the proposed standards. The
details of NES spreadsheet nodel are discussed in chapter 10 of the
TSD. To conpare each alternative quantitatively to the proposed

conservation standards, it will be necessary to quantify the effect of
each alternative on the purchase and use of energy efficient commrercial
equi prent. Once each alternative is properly quantified, DCE will nake

the appropriate revisions to the inputs in the NES spreadsheet nopdel
The following are key inputs that DOE may revise in the NES spreadsheet
nodel .

Energy prices and escal ation factors

Implicit market discount rates for trading off purchase price
agai nst operating expense when choosi ng equi pnent efficiency
Cust onmer purchase price, operating cost, and incone
elasticities

Custoner price versus efficiency relationships

Equi pnent stock data (purchase of new equi pnent or turnover
rates for inventories)

The following are the key neasures of the inpact of each alternative.

Commer ci al energy use (EJ = 1018 joule) is the
cumul ative energy use of the equipnment fromthe effective date of the
new standard to the year 2035. DOE will report electricity consunption
as primry energy.

NES is the cunul ative national energy use fromthe base
case projection less the alternative policy case projection.

NPV is the value of future operating cost savings from
commercial refrigeration equi pnent bought in the period fromthe
ef fective date of the new standard to the year 2035. DCE cal cul ates the
NPV as the difference between the present val ue of equi pnent and
operating expenditures (including energy) in the base case, and the
present value of expenditures in each alternative policy case. DOE
di scounts future operating and equi pnent expenditures to 2006 using a
seven percent real discount rate. It cal cul ates operating expenses
(including energy) for the life of the equipnent.

For nmore information on the regulatory inpact analysis, refer to
the regulatory inpact analysis report in the TSD

I'l'l. Candi date Energy Conservation Standards Levels

DCE will specify CSLs in the ANOPR, but will not propose a
particul ar standard. DCE sel ected between four and ei ght energy
consunption levels for each conmercial refrigeration equi pnment class
for use in the LCC and NIA. Based on the results of the ANOPR anal ysi s,
DCE selects fromthe CSLs analyzed in the ANOPR a subset for a nore
detail ed analysis for the NOPR stage of the rul emaki ng. The range of
CSLs selected includes: the nost energy efficient |evel or nost energy
ef ficient conbination of design options, the conbination of design
options or efficiency level with the mninmum LCC, and a conbi nation of
design options or efficiency level with a PBP of not nore than three
years. Additionally, CSLs that incorporate noteworthy technol ogies or

fill in large gaps between efficiency |levels of other CSLs may be
sel ect ed.
DOE will include the nost energy efficient |evel analyzed as a CSL.

The level with the maxi num LCC savings was identified for each

equi prent category. In sone instances this was identical to the nost
efficient level analyzed. In other cases it was the next nost efficient
| evel anal yzed. The cal cul ated national average PBPs fromthe LCC
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anal ysi s suggested that many of the energy efficiency |evels anal yzed
provi ded a national average payback of |ess than three years when
conpared with the baseline equipnent. DOE opted to desighate as a CSL
t he maxi num energy efficiency | evel that provided for a payback of |ess
than three years. These three selection criteria provided only one or
two CSLs sel ections per equi pnent class. Therefore, DOE selected two or
three | ower energy consunption levels for each equi pnent class in order
to provide greater variation in CSLs for its future analysis. The
sel ection of these additional |evels reflects DOE review of the
relative cost effectiveness of the | evels when conpared with the
basel i ne equi pnent and when conpared with other efficiency |levels. Four
CSLs were selected for each equi pnent class. Table I11.1 shows the
sel ected CSLs based on the energy consunption for the specific
equi prent anal yzed in the engineering anal ysis. DCE specifically seeks
feedback on its selection of specific candidate standard levels for the
post ANOPR anal ysis phase. This is identified as |ssue 13 under
" lIssues on Wich DOE Seeks Comment'' in section IV.E of this ANOPR
DCE will refine its final selection of CSLs for further analysis
after receiving input from stakehol ders on the ANOPR and after any
revision of the ANOPR anal yses. At that point, the CSLs will be recast
as Trial Standard Levels (TSLs). DCE will analyze specific TSLs during
t he post-ANOPR anal ysis and will report the results of that analysis in
t he NOPR.
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Table I11.1.--Candi date Standard Levels and Factors
Considered in their Selection for Future Anal ysis

Candi dat e
standard | evel selection considerations
Equi pnent cl ass Maxi mum Maxi mum Ef fici ency
H ghest Addi ti onal candidate standard | evel selected for
efficiency efficiency level with

ef ficiency future anal ysis

| evel | evel with m ni num LCC
|l evel with PBP

positive LCC
< 3 years
savi ngs

VOP.RCM........... .. ... ..... Level 8......... Level 8......... Level 8........
Level 7........ Level 6........ Level 4........
VOP.RC.L.......... . ... ..., Level 6......... Level 6......... Level 4........
Level 6........ Level 5........ Level 3........
VOP.SC.M....... .. i Level 8......... Level 8......... Level 7........
Level 7........ Level 5........ Level 3........
VCT.RCM........ ... .. . . ... .. Level 7......... Level 7......... Level 6........
Level 6........ Level 5........ Level 3........
VCT.RC.L........ ... ... . ... . .... Level 8......... Level 8......... Level 8........
Level 8........ Level 7........ Level 5........ Level 3.
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VCT.SC. ... . i Level 8......... Level 8......... Level 7........
Level 8........ Level 6........ Level 3........

VCS.SC.l.... .o Level 8......... Level 8......... Level 7........
Level 8........ Level 6........ Level 5........

SVORCM........ ... .. Level 7......... Level 7......... Level 7........
Level 6........ Level 4........ Level 2........

SVOSCM.......... .. Level 8......... Level 8......... Level 7........
Level 8........ Level 5........ Level 3........

SOCRCM ... ... . Level 7......... Level 7......... Level 5........
Level 5........ Level 4........ Level 3........

HZORC M ........... ... ... ..... Level 4......... Level 4......... Level 4........
Level 4........ Level 3........ Level 2........

HZORC L............ .. ... . .... Level 6......... Level 6......... Level 6........
Level 6........ Level 5........ Level 4........ Level 3.

HZOSC M ........ ... ... .. ... Level 8......... Level 8......... Level 8........
Level 8........ Level 7........ Level 6........ Level 4.

HZOSC. L........ ... ... ... .. ... Level 8......... Level 8......... Level 8........
Level 8........ Level 7........ Level 6........ Level 3.

HCT.SC.l...... ... . . . .. Level 6......... Level 6......... Level 6........
Level 6........ Level 5........ Level 4........ Level 3.

Because the equi pnent cl asses cover a variety of equi pnent sizes,
DCE has suggested defining the standard in terns of upper limts on
daily energy consunption (CDEC or TDEC as provided for renote
condensi ng and sel f-contai ned equi pnent, respectively) normalized by
TDA for renote condensing commercial equi prent with transparent doors
or without doors, commercial ice-creamfreezers with transparent doors,
and sel f-contai ned comerci al equi pnent without doors. DOE has
suggest ed defining the standard levels in ternms of maximumrated daily
energy consunption (CDEC or TDEC as provided for renote condensing and
sel f-contai ned equi pnent, respectively) normalized by refrigerated
volunme (V, as neasured by ANSI/AHAM St andard HRF- 1-2004) for renote
condensing conmmercial refrigerators, comercial freezers, and
commercial refrigerators-freezers with solid doors and for conmercia
ice-creamfreezers with solid doors. The industry supplied cost-
efficiency curves are in the formof CDEC normalized by TDA (kWh/ day/
ft\2\). In the engineering analysis, DCE nornalized the CDEC for each
efficiency level by TDA or refrigerated volune. Table I11.2 presents
the CSLs for the anal yzed equi prent classes in ternms of these
normalized netrics.

Table 111.2.--Candi date Standard Levels for Anal yzed Equi pnent
Cl asses Expressed in Ternms of the Normalized Test Metrics

Candi dat e standard | evel in order
of efficiency Candi dat e standard | evel s for equi pnent anal yzed

----------------- expressed in terns of the test netric

Equi pnent cl ass Test metric
Basel i ne CsL1 CSL2
CSL3 CSL4 Basel i ne CSL1 CSL2 CSL3 CsL4
VOP.RCM.................... CDEC/ TDA kWh/ day/ Level 1 Level 4 Level 6
Level 7 Level 8 1.08 0.90 0.75 0.70 0.64
ft\2\.
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VOP.RC L.......... ... ... CDEC/ TDA kWh/ day/ Level 1 Level 3 Level 4
Level 5 Level 6 2.93 2.61 2.47 2. 46 2.39

fti2\.
VOP.SCM.................... TDEC/ TDA kWh/ day/ Level 1 Level 3 Level 5
Level 7 Level 8 2.55 2.23 2.07 1.84 1.65

fty2\.
VCT.RCM.................... CDEC/ TDA kWh/ day/ Level 1 Level 3 Level 5
Level 6 Level 7 0.54 0.42 0. 38 0.24 0.19

fti2\.
VCT.RC. L......... ... ... CDEC/ TDA kWh/ day/ Level 1 Level 3 Level 5
Level 7 Level 8 1.06 0.90 0.75 0. 65 0.55

fty2\.
VCT.SC ..o TDEC/ TDA kWh/ day/ Level 1 Level 3 Level 6
Level 7 Level 8 1.58 1.24 0.77 0.69 0. 63

fty2\.
VCS.SCol.ovoii i TDEC/ V kWh/ day/ Level 1 Level 5 Level 6
Level 7 Level 8 0. 27 0.19 0.18 0.17 0.17

ft\3\.
SVORCM.................... CDEC/ TDA kWh/ day/ Level 1 Level 2 Level 4
Level 6 Level 7 1.05 1.00 0.90 0. 80 0.74

fty2y.
SVOSC.M......... .. ... .. .... TDEC/ TDA kWh/ day/ Level 1 Level 3 Level 5
Level 7 Level 8 2.24 1.99 1.87 1.62 1.54

fti2y.
SOCCRCM........... ... CDEC/ TDA kWh/ day/ Level 1 Level 3 Level 4
Level 5 Level 7 0.95 0.76 0.74 0.71 0. 60

fti2y.
HZORCM.................... CDEC/ TDA kWh/ day/ Level 1 Level 1 Level 2
Level 3 Level 4 0. 16 0. 16 0.14 0.11 0.10

fti2\y.
HZORC L..................... CDEC/ TDA kWh/ day/ Level 1 Level 3 Level 4
Level 5 Level 6 0. 83 0.75 0.70 0. 65 0. 62

fty2y.
HZOSCM.................... TDEC/ TDA kWh/ day/ Level 1 Level 4 Level 6
Level 7 Level 8 0.78 0.61 0. 56 0. 54 0. 48

fty2y.
HZO.SC L..................... TDEC/ TDA kWh/ day/ Level 1 Level 3 Level 6
Level 7 Level 8 2.05 1.80 1.52 1.33 1.32

fty2y.
HCT.SCI...... ... o TDEC/ TDA kWh/ day/ Level 1 Level 3 Level 4
Level 5 Level 6 1.63 1.28 0.73 0.61 0. 57

ft\2\.

When an energy conservation standard is defined for an equi pnent
cl ass, DOE nust consider how to express the level in a manner suitable
for all equipment within that class. This is of particular concern when
the rating is in terms of energy consunption and there is variation of
energy consunption within a class due to variation in equi pnent size or
capacity. DOE believes that TDA captures the nost significant driver
behi nd capacity-rel ated energy consunption differences between like
equi prent designs within an equi pnment class (see section Il.A 2 of the
ANCPR) . For this reason, DCE has suggested that the maxi num energy
consunption standards for this equi pment be expressed as:

MECSC = ASC x TDA (sel f-contai ned equi pnent)
MECRC = ARC x TDA (renote condensi ng equi pnent)
Wher e:
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MECSC = maxi num TDEC (kWh/ day) from ANSI/ ARl St andard
1200- 2006,
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MECRC = maxi num CDEC (kWh/ day) from ANSI/ ARl St andard
1200- 2006,

ARC = a m ni mnum normal i zed energy consunption factor
(expressed in kWh/ day/ft\2\ TDA)

ASC = a m ni mum normal i zed TDEC factor (expressed in kW/
day/ft\2\ TDA), and

TDA = Total Display Area (ft\2\).

Commercial refrigerators, conmercial freezers and conmercia
refrigerator-freezers with a self-contai ned condensing unit designed
for hol ding tenperature applications manufactured on or after January
1, 2010, will have energy conservation standards in terns of:

Maxi mum ener gy consunption M (kW/yr) = B x V + K

Wher e:

Bis expressed in terns of kWh/yr/ft\3\ of rated vol une,

Vis the adjusted volune (ft\3\) calculated for the equi pnment class,
and

Kis an offset factor expressed in kWh/yr.

In simlar fashion, DCE has suggested that the energy conservation
standards for renmpte condensing refrigerators, commrercial freezers, and
commercial refrigerators-freezers with solid doors and for conmercia
ice-creamfreezers with solid doors, respectively, be expressed as:

MECRC= BRC x V + KRC (renpte
condensi ng equi pnent)

MECSC= BSC x V + KSC (sel f-contained
equi prent)

Wher e:

MECRC = maxi num CDEC (kWh/ day) from ANSI/ ARl St andard

1200- 2006,

MECSC = maxi num TDEC (kWh/ day) from ANSI/ ARl St andard

1200- 2006,

BRC = a mini num nornmal i zed energy consunption factor

(expressed in kW/day/ft\3\ gross refrigerated volune) cal cul at ed
using the CDEC rating fromthe DCE adopted test procedure (ANSI/AR
St andard 1200- 2006),

BSC = a mni mum normal i zed TDEC factor (expressed in kW/

day/ft\3\ gross refrigerated volune) and cal cul ated using the TDEC
rating fromthe DOE adopted test procedure (ANSI/ARI Standard 1200),
V = Goss Refrigerated Volune (ft\3\),

KRC = an offset factor in kW/day for renote condensing

equi prent, and

KSC = an offset factor in kW/day for self-contained

equi prent .

DCE is concerned that V may not conpletely capture the nost
significant driver behind capacity- or size-related energy consunption
di fferences between equi pnent designs within these equi pment cl asses.
In particular, for these equi pnent classes, the surface area for heat
gain may not vary linearly with volume. The VCS. SC. I equi pnent cl ass
falls under this category.

DCE specifically seeks feedback on its approach for characteri zing
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energy conservation standards for comercial refrigeration equipnent.
If the approach to characterizing standards for renote condensing
commercial refrigerators, comercials freezers, and conmercia
refrigerators-freezers with solid doors and for commrercial ice-cream
freezers with solid doors is acceptable, DOE seeks comments on how it
coul d devel op appropriate of fset factors (KSC and

KRC) for these classes of equipnent. This is identified as

| ssue 14 under " Issues on Which DCE Seeks Comment'' in section IV.E of
this ANOPR

Commercial refrigerator-freezers (also called dual tenperature
units) are equi pnent that have two or nore conpartnents that operate at
different tenperatures. During the Framework public neeting, Hil
Phoeni x stated that shipnents of this equipnent are very low. (Public
Meeting Transcript, No. 3.4 at p. 52) In the engineering anal ysis
(section Il1.C of this ANOPR), DCE only anal yzed those equi pnent cl asses
with the highest shipment volunmes, and therefore did not include an
anal ysis of commercial refrigerator-freezers. However, DOE explained in
the market and technol ogy assessnent (section Il.A of this ANOPR) that
it intended to adapt the analytical results for comrercia
refrigerators and comrercial freezers to commercial refrigerator-
freezers.

DOE understands that renote condensing comercial refrigerator-
freezers (with and wi thout doors) and sel f-contai ned comrerci al
refrigerator-freezers w thout doors may operate in one of two ways.
First, they nay operate as separate chilled and frozen conpartnents
with evaporators fed by two sets of refrigerant lines or two
conpressors. Second, they may operate as separate chilled and frozen
conpartnents fed by one set of |lowtenperature refrigerant lines (with
evaporator pressure regulator (EPR) valves or sinilar devices used to
rai se the evaporator pressure, and thus the tenperature of one or nore
conmpartnments) or one conpressor. Accordingly, for the purposes of
i npl ementi ng standards, DOE is considering the follow ng nmethod for
i mpl ementing standards for commercial refrigerator-freezers.

For renote condensing conmercial refrigerator-freezers
where two or nore chilled and frozen conpartnents are cool ed by
i ndependent renobte condensing units, each conpartnent should have its
total refrigeration | oad neasured separately according to the ANSI/
ASHRAE St andard 72-2005 test procedure. Conpressor energy consunption
(CEC) for each conpartnent shall be calculated using Table 1 in ANSI/
ARl Standard 1200- 2006 using the evaporator tenperature for that
conpartment. The CDEC for the entire case shall be the sum of the CEC
for each conpartnent, fan energy consunption (FEC), lighting energy
consunption (LEC), anti-condensate energy consunption (AEC), defrost
energy consunption (DEC), and condensate evaporator pan energy
consunption (PEC) (as nmeasured in ANSI/ARI Standard 1200-2006).
Deternmne the maximumlinmt on CDEC for each conpartnent, based on that
conpartment's respective equi pnent class and TDA or volune. The naxi num
limt on CDEC for the entire case is the sumof all the maximumlinits
on CDEC of all conpartnents.

For renote condensing conmercial refrigerator-freezers
where two or nore chilled and frozen conpartnents are cool ed by one
condensing unit (with EPR valves or simlar devices used to raise the
evaporator pressure, and thus the tenperature of one or nore
conpartnents), the total case shall have its total refrigeration |oad
nmeasur ed according to the ANSI/ASHRAE Standard 72-2005 test procedure.
CEC for the entire case shall be calculated using Table 1 in ANSI/ AR
St andard 1200- 2006 using the | owest evaporator tenperature of al
conpartnents. The CDEC for the entire case shall be the sumof the CEC,
FEC, LEC, AEC, DEC, and PEC. Determine the maximumlinit on CDEC for
the compartnent with the | owest integrated average tenperature (IAT),
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based on that conpartnent's respective equi pnment class and the tota
TDA or volune of all compartments. This value is the maximumlimt on
CDEC for the entire case.

For self-contained comrercial refrigerator-freezers
wi t hout doors where two or nore chilled and frozen conpartnents are
cool ed by independent self-contained condensing units, the CDEC for the
entire case shall be measured according to the ANSI/ASHRAE Standard 72-
2005 test procedure. Determine the maximumlimt on CDEC for each
conpartnment, based on that conpartment’'s respective equi pnent class and
TDA. The maximumlimt on CDEC for the entire case is the sumof al
the maxinumlinmits on CDEC of all conpartnents.

For self-contained comrercial refrigerator-freezers
wi t hout doors where two or nore chilled and frozen conpartnents are
cool ed by one condensing unit (with EPR valves or similar devices used
to raise the evaporator pressure, and thus the tenperature of one or
nmore conpartments), the daily energy consunption for the entire case
shal | be measured according to the ANSI/
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ASHRAE St andard 72-2005 test procedure. Deternmine the maximumlimt on
CDEC for the conpartment with the | owest | AT, based on that
conmpartnment's respective equi pnent class and the total TDA of al
conpartments. This value is the maximumlimt on CDEC for the entire
case.

DCE specifically seeks feedback on its approach for setting
standards for renote condensing comercial refrigerator-freezers.
Addi tional ly, DOE seeks feedback on how to inplement standards for
sel f-contained commercial refrigerator-freezers w thout doors. These
are identified as |ssue 15 under " |ssues on Wich DOE Seeks Conment'
in section IV.E of this ANOPR

I'V. Public Participation
A. Attendance at Public Meeting

The time, date and location of the public neeting are set forth in
the DATES and ADDRESSES sections at the beginning of this docunent.
Anyone who wants to attend the public neeting nust notify Ms. Brenda
Edwar ds- Jones at (202) 586-2945. As explained in the ADDRESSES section
foreign nationals visiting DOE Headquarters are subject to advance
security screening procedures.

B. Procedure for Submitting Requests to Speak

Any person who has an interest in today's notice, or who is a
representative of a group or class of persons that has an interest in
these issues, may request an opportunity to nake an oral presentation
Pl ease hand-deliver requests to speak to the address shown under the
headi ng ~ " Hand Delivery/Courier'' in the ADDRESSES section of this
ANCPR, between 9 a.m and 4 p.m, Mnday through Friday, except Federa
hol i days. Al so, requests may be sent by mail to the address shown under
the heading ~ " Postal Mail'' in the ADDRESSES section of this ANOPR, or
by e-mail to Brenda. Edwar ds- Jones@e. doe. gov.

Persons requesting to speak should briefly describe the nature of
their interest in this rul emaking and provi de a tel ephone nunber for
contact. DCE asks persons selected to be heard to submit a copy of
their statenents at |east two weeks before the public neeting, either
in person, by postal mail, or by e-mail as described in the preceding
par agraph. Pl ease include an electronic copy of your statement on a
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conput er diskette or conpact disk when delivery is by postal mail or in
person. Electronic copies nust be in WrdPerfect, Mcrosoft Wrd,

Port abl e Docunment Format (PDF), or text (American Standard Code for
Information Interchange (ASCI1)) file format. At its discretion, DCE
may permt any person who cannot supply an advance copy of his or her
statenment to participate, if that person has nmade alternative
arrangenents with the Buil ding Technol ogi es Program |n such
situations, the request to give an oral presentation should ask for

al ternative arrangenents.

C. Conduct of Public Meeting

DOE will designate a DOE official to preside at the public nmeeting
and may al so use a professional facilitator to aid discussion. The
meeting will not be a judicial or evidentiary-type public hearing, but
DOE will conduct it in accordance with 5 U. S.C. 553 and section 336 of
EPCA. (42 U . S.C. 6306) A court reporter will be present to record and
transcri be the proceedings. DOE reserves the right to schedule the
order of presentations and to establish the procedures governing the
conduct of the public nmeeting. After the public neeting, interested
parties may submit further comments about the proceedi ngs, and any
ot her aspect of the rulemaking, until the end of the comment peri od.

The public nmeeting will be conducted in an informal, conference

style. DOE will present summaries of comments received before the
public nmeeting, allow time for presentations by participants, and
encourage all interested parties to share their views on issues

affecting this rulemaki ng. Each participant will be allowed to nmake a
prepared general statement (within tinme limts determ ned by DOE)
before discussion of a particular topic. DOE will permt other
participants to coment briefly on any general statenents.

At the end of all prepared statenents on a topic, DOE will permt
participants to clarify their statenments briefly and comment on
statements nade by others. Participants should be prepared to answer
questions by DOE and by other participants concerning these issues. DOE
representatives may al so ask questions of participants concerning other
matters relevant to the public neeting. The official conducting the
public nmeeting will accept additional conments or questions fromthose
attending, as tinme permits. The presiding official will announce any
further procedural rules or nodification of the above procedures that
may be needed for proper conduct of the public neeting.

DCE will make the entire record of this proposed rul enaki ng,
including the transcript fromthe public neeting, available for
inspection at the U S. Departnment of Energy, Forrestal Buil ding, Room
1J-018 (Resource Room of the Buil ding Technol ogi es Program, 1000
I ndependence Avenue, SW, Washington, DC, (202) 586-2945, between 9
a.m and 4 p.m, Mnday through Friday, except Federal holidays. Any
person may purchase a copy of the transcript fromthe transcribing
reporter.

D. Subm ssion of Comments

DOE wi Il accept coments, data, and information regarding al
aspects of this ANOPR before or after the public neeting, but no later
than Cctober 9, 2007. Please subnit comments, data, and information
electronically to the followi ng e-mail address:
conmercialrefrigeration.rul emaki ng@e. doe. gov. Submit electronic

coments in WrdPerfect, Mcrosoft Wird, PDF, or ASCII file format and
avoi d the use of special characters or any form of encryption. Comments
in electronic format should be identified by the docket nunber EE-2006-
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STD- 0126 and/or RI'N 1904- AB59, and whenever possible carry the
el ectronic signature of the author. Absent an electronic signature,
comments subnmitted electronically nmust be foll owed and aut henti cated by
submitting a signed original paper docunent. No tel efacsim|es (faxes)
wi || be accept ed.

Under 10 CFR Part 1004.11, any person subnitting information that
he or she believes to be confidential and exenpt by law from public
di scl osure should submt two copies: One copy of the docunent including
all the information believed to be confidential, and one copy of the
docurment with the information believed to be confidential deleted. DCE
will make its own determination about the confidential status of the
information and treat it according to its determ nation

Factors of interest to DOE when eval uating requests to treat
submtted information as confidential include: (1) A description of the
items; (2) whether and why such itens are custonmarily treated as
confidential within the industry; (3) whether the information is
general ly known by, or available from other sources; (4) whether the
i nformation has previously been made avail able to others w thout
obligation concerning its confidentiality; (5) an explanation of the
conpetitive injury to the submtting person which would result from
public disclosure; (6) when such information night lose its
confidential character due to the passage of time; and (7) why
di scl osure of the information would be contrary to the public interest.
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E. Issues on Wii ch DOE Seeks Comment

DCE is interested in receiving comments on all aspects of this
ANOPR. DCE particularly invites conments or data to inprove DOE' s
anal ysis, including data or information that will respond to the
foll owi ng questions or concerns that were addressed in this ANOPR
1. Equipment Class Prioritization and Extendi ng Anal yses

Because of the | arge nunber of equipnent classes included in this
rul emaki ng, DCE focused on conducting a thorough exam nation of the
equi prrent classes with the greatest energy-savings potential. To
address | ow shi prent equi prent cl asses, DCE could either conduct a full
techni cal analysis of these equipnent classes or develop correl ations
to extend anal yses or standard levels in the NOPR phase of the
rul emaki ng. DCE requests feedback on the approach to equi pment type
prioritization and its approach to address | ow shi pnent vol une
equi prrent cl asses, and of extendi ng EPCA standards to equi pnent cl asses
inthis rulemaking. (See section |.D.3.c and Il1.A. 2 of this ANOPR and
chapter 5 of the TSD for further details.)
2. Air-Curtain Angle

For equi pment without doors, DCE believes that the orientation of
the air curtain affects the energy consunption (both renote condensing
and sel f-contai ned equi pnent) and that equi pnent wi thout doors can be
broadly categorized by the angle of the air curtain that divides the
refrigerated conpartnment fromthe anbi ent space. DOE is considering
defining air-curtain angle as " "the angle between a vertical |ine and
the line forned by the points at the center of the discharge air grille
and the center of the return air grille, when viewed in cross-
section.'' DCE requests feedback on this definition of air-curtain
angle. (See section Il1.A 2 of this ANOPR for further details.)
3. Door Angle

For equi prrent with doors, DOE believes that the orientation of
doors affects the energy consunption and that equipnent with doors can
be broadly categorized by the angle of the door. DOE is considering
defining door angle as " “the angle between a vertical line and the line
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formed by the plane of the door, when viewed in cross-section.'' DCE
requests feedback on this on this definition of door angle. (See
section I'1.A 2 of this ANOPR for further details.)
4. Equi pnent C asses for Equi pnent Wth Doors

DCE is proposing to define two equi pnent famlies each for
equi prrent with solid and transparent doors, based on door angl es of
O[ deg] to 45[deg] (vertical) and 45[deg] to 90[deg] (horizontal). DCE
requests conmments on these ranges of door angles in defining equipnrent
classes with doors. (See section Il.A 2 of this ANOPR for further
details.)
5. Equi pnent C asses

In accordance with EPCA section 325(p)(1)(A), DCE identified the
equi pnent cl asses covered under this rulemaking in Table I1.6. (42
U S.C 6295(p)(1)(A)) Pursuant to EPCA section 325(p)(1)(B), DCE
requests comrents on these equi prent classes and invites interested
persons to subnit witten presentations of data, views, and argunents.
(42 U.S.C. 6295(p)(1)(B)) (See section II.A 2 of this ANOPR for further
details.)
6. Case Lighting Operating Hours

DCE' s anal ysis suggests that typical |ighting operating hours for

nmost cl asses of commercial refrigeration equipment would fall in the
range of 16 to 24 hours per day, depending on store operating hours,
use of lighting during after-hours case stocking, and typical l|ighting

operation or controls used for unoccupi ed periods. Display case
l'ighting hours may al so depend on busi ness type as conveni ence stores
have distinctly different operating hours than other segnents of the
food retail industry. DCE requests comments on whether the 24-hour
basis for case lighting operating hours is valid for DOE' s conti nued
anal ysis, and if not, what changes should be made to better
characterize the case lighting operating hours? (See section Il.E of
this ANOPR for further details.)
7. Operation and Mintenance Practices

DCE requests comrents on operation and mai ntenance practices for
commercial refrigeration equi pnent that nmay be prevalent in the field
which may differ from standardi zed conditions, such as those
represented in a test procedure. These field conditions could
potentially affect the energy consunption savings experienced in the
field as a result of increased energy efficiency as conpared to those
savings estimated in the TSD s energy consunption anal ysis under
i deal i zed conditions. DCE requests coment on the frequency to which
such factors come in to play in energy use in the field, and whet her
and how DCE coul d account for these factors in assessing the overal
i npacts of the candi date standards |evels for comercial refrigeration
equi prent. (See section II.E of this ANOPR for further details.)
8. Equi prent Lifetine

DCE requests comments on the lifetime of comercial refrigeration
equi prrent and whether, in fact, this is a significant issue and whether
DCE shoul d performa sensitivity analysis of this variable in the LCC
and NES anal yses. In particular, DCE seeks comment on how | ong these
units are typically maintained in service by equi pnent class and store
type. Al so, DOE seeks coment on the existence and i nportance of a
used- equi prent nmarket for commercial refrigeration equipnent, and the
i mportance of considering such a market in its analysis. (See section
Il.E of this ANOPR for further details.)
9. Life-Cycle Cost Baseline Level

DCE did not receive data fromindustry concerning the average
energy efficiency of comrercial refrigeration equi pnent currently being
shi pped, nor was data provided in further discussion with
manuf acturers. An analysis of the literature suggests little data on
the energy characteristics of display cases in the general market is
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avail abl e. Based on this, DOE used the Level 1 (mininmum energy
efficiency level) established in the engineering analysis as the
basel ine for the LCC anal ysis.

The sel ection of baseline level has two inpacts in the LCC and PBP
anal yses. It can affect the PBP cal cul ated since payback is cal cul ated
fromthe baseline level, and it can affect the maxi mum | evel show ng
LCC savings. It can also affect the fraction of users on the market who
experience LCC savings at any level. The selection of the baseline
| evel does not generally affect the level identified as having the
maxi mum LCC savi ngs. DCE requests feedback on whether the Level 1
basel i ne selected by DCE is valid for the LCC analysis, and if not,
what changes should be nade to provide a nore realistic baseline |evel
Si nce hi gher efficiency equipnment is known to be sold into the market,
DCE al so seeks input on whether a distribution of efficiencies should
be used for the LCC anal ysis baseline, and if so, what data could be
used to populate this distribution. If nore detailed data to develop a
distribution of efficiencies in the baseline cannot be provided, DOE
seeks input on how a sensitivity analysis to alternative baselines
coul d best be used to informthe LCC and NES anal yses supporting the
rul emaki ng. (See section I1.G 15 of this ANOPR for further details.)

[[ Page 41209]]

10. Characterizing the National |npact Analysis Base Case

No data have been found on the market shares of various conmmercia
refrigeration equi prent classes by energy consunption | evel. Therefore,
for the National Inpact Analysis base case, DCE adapted a cost-based
met hod used in the NEMS to estinmate market shares for each equi pment
class by efficiency level. DOE did not have data to calibrate this
approach to actual market shipnents. Does the econom c-based approach
DCE used to establish base case shipnents by efficiency | evel provide a
valid base case assunption for the NIA and future anal yses? If not,
what should DOE do to inprove the base case efficiency forecast? (See
section I1.1.2 of this ANOPR for further details.)
11. Base Case and Standards Case Forecasts

Because key inputs to the calculation of the NES and NPV are
dependent on the estimated efficiencies under the base case (without
standards) and the standards case (wth standards), forecasted
efficiencies are of great inportance to the analysis. Information
avail abl e to DOE suggests that forecasted nmarket shares woul d renain
frozen throughout the analysis period (i.e., 2012-2042). For its
determ nation of standards case forecasted efficiencies, DCE used a
““roll-up'' scenario to establish the narket shares by efficiency |evel
for the year that standards becone effective (i.e., 2012). Available
i nformation suggests that equi pment shipnents with efficiencies in the
base case that did not neet the standard | evel under consideration
would ““roll-up'' to neet the new standard |level. Al so, available
i nformation suggests that all equipnent efficiencies in the base case
that were above the standard | evel under consideration would not be
af fected. DOE requests feedback on its devel opnment of standards case
efficiency forecasts fromthe base case efficiency forecast and its
basis for how standards would i npact efficiency distributions in the
year that standards are to take effect. (See section Il.1.2 of this
ANOPR for further details.)
12. Differential Inpact of New Standards on Future Shipnents by
Equi prrent O asses

The shi pnent nodels used in the NES and NI A presune that the
relative nmarket share of the different classes of conmerci al
refrigeration equipnment remains constant over the tine period anal yzed.
While DCE is aware that market preferences for certain types of
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products nmay change in the future, DOE has no data with which to
predict or characterize those changes. DCE is however particularly
concer ned whet her higher standards for certain classes of comercia
refrigeration equipnment are likely to generate significant narket
shifts to other equi prent that nmay have hi gher energy consunption. By
devel opi ng standards for all classes of conmercial refrigeration
equi prrent within the scope of this rul emaking using the sane econom c
criteria, DOE hopes to nmitigate this concern. However, DOCE specifically
requests stakehol der input on the potential for standards-driven market
shifts between equi pnent cl asses that could reduce national energy
savings as well as stakehol der input on how the standards setting
process can reduce or elimnate these shifts. (See section Il.1.2 of
this ANOPR for further details.
13. Selection of Candidate Standard Levels for Post-Advance Notice of
Proposed Rul emeki ng Anal ysi s

DCE is required to exanine specific criteria for the sel ection of
CSLs for further analysis. Sone of these criteria are econom ¢ based
and the resulting CSLs selected may be inpacted by updates to the ANOPR
anal ysis after input from stakehol ders. DCE has discretion in the
selection of additional standard levels it may choose to anal yze. DOE
seeks input on the candidate standard | evels selected for future
anal ysis shown in Table Il11.1 (See section Ill of this ANOPR for
further details.)
14. Approach to Characterizing Energy Conservation Standards

When an efficiency or energy consunption standard is defined for a
cl ass of equi pnment, DOE nust consider how to express the level in a
manner suitable for all equipnment within that class. DOE seeks input on
its approach for characterizing energy conservation standards for
commercial refrigeration equipnent as discussed in section IIl. If the
approach to characterizing standards for renote condensi ng conmerci al
refrigerators, commercial freezers, and comercial refrigerators-
freezers with solid doors and for comercial ice-creamfreezers with
solid doors is acceptable, DOE seeks comments on how it coul d devel op
appropriate offset factors (KSC and KRC) for
these cl asses of equipnent. (See section Il of this ANOPR for further
details.)
15. Standards for Commercial Refrigerator-Freezers

DOE i s addressing standards for commercial refrigerator-freezers
(both renmote condensi ng and sel f-contai ned). For equi pnent served by
i ndependent condensing units, the maxinmumlimt on CDEC for the entire
case is the sumof the maximumlinmits on CDEC of all conpartnents,
based on each conpartnent's respective equi prent class and TDA or
vol ume. For equi pnent served by one condensing unit, the maximum/limt
on CDEC for the entire case is the maximumlinit on CDEC for the
conpartnment with the | owest | AT, based on the equi prment class of that
conmpartnent and the total TDA or volune of all conpartnents. DCE
requests feedback on this approach to inplenenting standards for
commercial refrigerator-freezers. (See section Il of this ANOPR for
further details.)

V. Regul atory Review and Procedural Requirenents: Executive Order 12866

DCE submitted this ANOPR for review to the Ofice of Managenment and
Budget, under Executive Order 12866, "~ Regul atory Pl anning and
Review. '' 58 FR 51735 (Cctober 4, 1993). If DOE | ater proposes energy
conservation standards for certain conmercial refrigeration equipnent,
and if the proposed rule constitutes a significant regulatory action,
DCE woul d prepare and subnmit to OVB for review the assessment of costs
and benefits required under section 6(a)(3) of the Executive Order. The
Executive Order requires agencies to identify the specific market
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failure or other specific problemthat it intends to address that
warrant new agency action, as well as assess the significance of that
problem to enable assessnment of whether any new regulation is
warrant ed. (Executive Order 12866, Sec. 1(b)(1)). Wthout a nmarket
failure, a regulation cannot result in net benefits.

DOE' s prelimnary anal ysis suggests that accounting for the market
val ue of energy savings alone (i.e., excluding any possible
““externality'' benefits such as those noted bel ow) woul d produce
enough benefits to yield net benefits across a wide array of equi pnent
and circunstances. These results, if correct, inply the existence of a
mar ket failure in the comrercial refrigeration equi pnent market. DCE
requests data on, and suggestions for testing the existence and extent
of, these potential market failures to conplete an assessnent in the
proposed rule of the significance of these failures and thus the net
benefits of regulation

[[Page 41210]]

First, DOE believes that there is a |lack of consumer information
and/or information processing capability about energy efficiency
opportunities in the conmercial refrigeration equipnment market. If this
is in fact the case, DCE woul d expect the energy efficiency for
commercial refrigeration equi pnent to be randomy distributed across
key vari abl es such as energy prices and usage | evels. DOE seeks data on
the efficiency levels of existing comercial refrigeration equipnment in
use by store type (e.g., large grocery, nulti-line retailer, snal
grocery/ conveni ence store) and electricity price (and/ or geographic
region of the country). DCE plans to use these data to test the extent
to which purchasers of this equi pnment behave as if they are unaware of
the costs associated with their energy consunption. Al so, DOE seeks
comment on know edge of the Federal ENERGYSTAR program and it's
penetration into the comrercial refrigeration equi pnment consunmer market
as a resource for know edge of the availability and benefits of energy
efficient refrigeration units.

Second, for small businesses in particular, DOE believes there may
be ““split incentives'' for nore energy efficient equipnent. The
commerci al space owner may not invest in efficient equipnent because
the owner of the space does not pay the energy bill, and the retai
est abl i shnment owner (building tenant) does not want to invest so as not
to risk losing the capital investnent at the end of the lease. If this
is in fact the case, DCE woul d expect that, other things equal
establishnents that own the equi pnent purchase higher efficiency
commercial refrigeration equi pnent on average than those who rent the
equi prrent t hrough buil ding | ease arrangenents. DCE seeks data on owner -
occupi ed buil di ngs versus | eased/ non- owner occupi ed buildings for given
store types (e.g., large grocery) and their associ ated use of high-
efficiency units. Wth these data, DCE plans to assess the significance
of this market failure by conparing the energy efficiencies of the
units in place by building occupancy st atus.

O course, there are likely to be certain ““external'' benefits
resulting fromthe inproved efficiency of units that are not captured
by the users of such equi pnent. These include both environnental and
energy security-related externalities that are not already reflected in
energy prices such as reduced en ssions of greenhouse gases and reduced
use of natural gas (and oil) for electricity generation. DCOE invites
comments on the weight that should be given to these factors in DCE' s
determ nation of the maxi mum efficiency |evel at which the total
benefits are likely to exceed the total burdens resulting froma DCE
st andar d.

In addition, various other analyses and procedures nmay apply to
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such future rul emaki ng action, including those required by the National
Envi ronnental Policy Act, Pub. L. 91-190, 42 U S.C. 4321 et seq.; the
Unfunded Mandates Act of 1995, Pub. L. 104-4; the Paperwork Reduction
Act, 44 U S.C 3501 et seq.; the Regulatory Flexibility Act, 5 U S. C
601 et seq.; and certain Executive O ders.

The draft of today's action and any ot her docunents submitted to
O RA for review are part of the rulemaking record and are avail able for
public review at the U S. Departnent of Energy, Forrestal Building,
Room 1J-018, (Resource Room of the Buil ding Technol ogi es Progran), 1000
I ndependence Avenue, SW, Washington, DC, (202) 586-2945, between 9
a.m and 4 p.m, Monday through Friday, except Federal holidays.

VI. Approval of the Ofice of the Secretary
The Secretary of Energy has approved publication of today's ANOPR

| ssued in Washington, DC, on July 19, 2007.
John M zroch,
Princi pal Deputy Assistant Secretary, Energy Efficiency and Renewabl e
Ener gy.
[ FR Doc. 07-3640 Filed 7-25-07; 8:45 am
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