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ACTION: Notice of proposed rulemaking (NOPR) and public meeting.

SUMMARY: The Energy Policy and Conservation A(t1975(EPCA), as amended,
prescibes energy conservation standards for various consumer productsrtmal
commercial and industrial equipmeimi¢cluding commercial and industrial electric

motors. EPCA also requires the U.S. Department of Energy (DOE) to determine whether
morestringent, amended standards would be technologically feasible and economically
justified, and would save a significant amount of enelgyhis notice, DOE proposes
energy conservation standards &anumber of different groups of electric motors that

DOE has ot previously regulatedor thosegroups ofelectric motors currently

regulated, th@roposed standaragould maintain the currergnergy conservation

standards for some electric motor types and amend the energy conservation standards for



other electrianotor typesThedocumentlso announces a public meeting to receive

comment on these proposed standards and associated analyses and results.

DATES: DOE will hold a public meeting on Wednesday, December 11, 204 9
a.m. to 4 p.m., in Washington, DThe meeting will also be broadcast as a webinar. See
section VIl Public Participation for webinar registration information, participant

instructions, and information about the capabilities available to webinar participants.

DOE will accept comments, tig and information regarding this NOPR before
and after the public meeting, but no later thiNSERT DATE 60 DAYS AFTER
DATE OF PUBLICATION IN THE FEDERAL REGISTER PUBLICATION ]. See

section VIl Public Participation for details.

ADDRESSES:The public meeting will be held at the U.S. Department of Energy,
Forrestal Building, RoorBE-089,1000 Independence Avenue, SW., Washington, DC
20585. To attend, please notify Ms. Brenda Edwards at (2022986. Please note that
foreign nationals visihg DOE Headquarters are subject to advance security screening
proceduresAny foreign national wishing to participate in the meeting should advise

DOE as soon as possible by contacting Ms. Edwards to initiate the necessary procedures
Please also note thidnose wishing to bring laptops into the Forrestal Building will be
required to obtain a property pass. Visitors should avoid bringing laptops, or allow an
extra 45 minutesRersons can attend the public meeting via webk@rmore

information, refer tahe Public Participation section near the end of this notice



Any comments submitted must identify the NOPR for Energy Conservation
Standards foelectric motorsand provide docket number E¥10Q BTi STDi 2027
and/or regulatory information number (RIN)mberl904AC28. Comments may be

submitted using any of the following methods:

1. Federal eRulemaking Portalww.regulations.gov~ollow the instructions for

submitting comments.

2. E-mail: ElecMotors2010STD-0027 @ee.doe.goinclude the docket number

and/or RIN in the subject line of the message.

3. Mail: Ms. Brenda Edwards, U.S. Department of Energy, Building Technologies
Program, Mailstop ERJ, 1000 Independence Avenue, SW., Washinddah,
205850121. If possible, please submit all items on a CD. It is not necessary to
include printed copies.

4. Hand Delivery/CourierMs. Brenda Edwards, U.S. Department of Energy,

Building Technol ogies Program, 950 LOENTf a
Washirgton, DC, 20024. Telephone: (202) 53845 If possible, please submit

all items on a CDin which casetiis not necessary to include printed copies.

Written comments regarding the bureleour estimates or other aspects of the
collectionof-information equirements contained in this proposed rule may be submitted
to Office of Energy Efficiency and Renewable Energy through the methods listed above

and by email toChad_S_Whiteman@omb.eop.gov



mailto:ElecMotors-2010-STD-0027@ee.doe.gov
mailto:Chad_S_Whiteman@omb.eop.gov

For detailednstructions on submitting comments and additional information on

the rulemaking process, see section VII of this document (Public Participation).

Docket: The docket, which includes Federal Register notices, public meeting
attendee lists and transcriptemments, and other supporting documents/materials, is
available for review at regulations.gov. All documents in the docket are listed in the
regulations.gov index. However, some documents listed in the index, such as those
containing information that isxempt from public disclosure, may not be publicly

available.

A link to the docket web page can be found at

http://www.regulations.qov/#!docketDetail;D=EERB103BT-STD-0027 This web

page will contain a link to the docket for this notice on the regulations.gov site. The
regulations.gov web page will contain simple instructions on how to access all
documents, including public comments, in the docket. See section Viirfoer

information on how to submit comments throwghw.regulations.gov

For further information on how to submit a comment, review other public
comments and the docket, or participate in the public meeting, contact Ms. Brenda

Edwards at (202) 588945 or by emailBrenda.Edwards@ee.doe.gov

FOR FURTHER INFORMATION CONTACT:


http://www.regulations.gov/#!docketDetail;D=EERE-2010-BT-STD-0027
mailto:%20Brenda.Edwards@ee.doe.gov

James Rabd).S. Department of Energy, Office of Energy Efficiency and
Renewable Energy, Building Technologies Program2BHA 000 Independence Avenue,
SW., Washington, DC, 2058%121 Telephone:Z02)586-8654 E-mail:

Jim.Raba@ee.doe.gov

Ms. Ami GraceTardy, U.S. Department of Energy, Office of the General
Counsel, GE71, 1000 Indepndence Avenue, SW., Washington, DC, 206831

Telephone: (202%86-5709 E-mail: Ami.GraceTardy@hg.doe.gav
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Table of Contents

I. Summary of the Proposed Rule
A. Benefits and Costs to Consumers
B. Impact on Manufacturers
C. National Benefits
. Introduction
A. Authority
B. Background
1. Current Standards
2. History of Standards Rulemaking félectric Motors
3. Process for Setting Energy Conservation Standards
[ll. General Discussion
. Test Procedure
. Equipmemn Classes and Current Scope of Coverage
. Expanded Scope of Coverage
. Technological Feasibility
1. General
2. MaximumTechnologically Feasible Levels
. Energy Savings
1. Determination of Savings
2. Significance of Savings
F. Economic Justifiation
1. Specific Criteria

o0 w>

m


mailto:Jim.Raba@ee.doe.gov
mailto:Ami.Grace-Tardy@hq.doe.gov

a. Economic Impact on Manufacturers and Consumers
b. Life-Cycle Costs
c. Energy Savings
d. Lessening of Utility or Performance
e. Impact of Any Lessening of Competition
f. Need for National Energy Conservation
g. Other factors
2. Rebuttable Presumption
IV. Methodology and Discussion of Related Comments
A. Market and Technology Assessment
1. Current Scope of Electric Motors Energy Conservation Standards
2. Expanded Scope of Electric Motor Energy Conservation Standards
3. Advanced Electric Motors
4. Equipment Class Groups and Equipment Classes
a. Electric Motor Design Letter
b. Fire Pump Electric Motors
c. Brake Motors
d. Horsepower Rating
e. Pole Configuration
f. Enclosure Type
g. Other Motor Characteristics
5. Technology Assessment
a. Decrease the Length of Coil Extensions
b. Increase CrosSectional Area of Rotor Conductor Bars
c. Increase CrosSectional Area of End Rings
d. Increase the Number of Stator Slots
e. Electrical Steel with Lower Losses
f. Thinner Steel Laminations
g. Increase Stack Length
h. More Efficient Cooling System
i. Reduce Skew on Conductor Cage
B. Screening Analysis
1. Technology Options Not Screened ©@tithe Analysis
a. Copper DigCast Rotors
b. Increase the Cros3ectional Area of Copper in the Stator Slots
2. Technology Options Screened Out of the Asialy
C. Engineering Analysis
1. Engineering Analysis Methodology
2. Representative Units
a. Electric Motor Design Type
b. Horsepower Rating
c. PoleConfiguration
d. Enclosure Type
3. Efficiency Levels Analyzed
4. Test and Teardowns
5. Software Modeling



6. Cost Model
a. Copper Pricing
b. Labor Rate and NeRroduction Markup
c. Catalog Prices
d. Product Development Cost
7. Engineering Analysis Results
8. Scaling Methodology
D. Markups Analysis
E. Energy Use Analysis
1. Comments on Operating Hours
2. Comments on Other Issues
F. Life-Cycle Cost and Payback Period Analysis
. Equipment Costs
. Installation Costs
. Maintenance Costs
. Repair Costs
. Unit Energy Consumption

. Lifetime
. Discount Rate
. Base Case Market Efficiency Distributions
10. Compliance Date
11. Payback Period Inputs
12. RebuttabldPresumption Payback Period
G. Shipments Analysis
H. National Impact Analysis
1. Efficiency Trends
2. National Energy Savings
3. Equipmen®Price Forecast
4. Net Present Value of Customer Benefit
I. Consumer Subgroup Analysis
J. Manufacturer Impact Analysis
1. Overview
2. GRIM Analysis and Key Inputs
a. Product and Capital Conversion Costs
b. Manufacturer Production Costs
c. ShipmehForecast
d. Markup Scenarios
3. Discussion of Comments
a. Scope of Coverage
b. Conversion Costs
c. Enforcement of Standards
d. Motor Refurbishment
4. Manufacturer Interviews
a. Efficiency Levels above NEMA Premium
b. Increase in Equipment Repairs

OCO~NOOUIE WNPE

. Electricity Prices and Electricity Price Trends



c. Enforcement
K. Emissions Analysis
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a. Monetizing Carbon Dioxide Emissions
b. Social Cost of Carbon Values Used in Past Regulatory Analyses
c. Current Approach and Key Assumptions
2. Valuation of Other Emissions Reductions
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O. Other Comments Received
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1. Economic Impacts on Individual Customers
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e. Cumulative Regulatory Burden
3. National Impact Analysis
a. Significance of Energy Savings
b. Net Present Value of Customer Costs and Benefits
c. Indirect Impacts on Employment
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8. Other Factors
C. Proposed Standards
1. Benefits and Burdens of Trial Standard Levels Considered for Electric Motors
2. Summary of Benefits ar@osts (Annualized) of the Proposed Standards
VI. Procedural Issues and Regulatory Review
A. Review Under Executive Orders 12866 and 13563
B. Review Under th&egulatory Flexibility Act
1. Description and Estimated Number of Small Entities Regulated
a. Methodology for Estimating the Number of Small Entities
b. Manufacturer Participation
c. Electric Motor Industry Structure and Nature of Competition
d. Comparison Between Large and Small Entities
2. Description and &imate of Compliance Requirements
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4. Significant Alternatives to the Proposed Rule
5. Significant Issues Raised by Public Comments
C. Review Under the Paperwork Reduction Act
D. Review Under the National Environmental Policy Act of 1969
E. Review Under Executive Order 13132
F. Review Under Executive Order 12988
G. Review Under the Unfunded Mandates Reform Act of 1995
H. Review Under the Treasuaynd General Government Appropriations Act, 1999
l. Review Under Executive Order 12630
J. Review Under the Treasury and General Government Appropriations Act, 2001
K. Review Under Executive Order 13211
L. Review Under the Information Quality Bulletin for Peer Review
VII. Public Participation
A. Attendance at thBublic Meeting
B. Procedure for Submitting Prepared General Statements For Distribution
C. Conduct of the Public Meeting
D. Submission of Comments
E. Issues on Which DOE Seeks Comment
VIII. Approval of the Office of the Secretary
1. The authority citation for part 431 continues to read as follows:
2. Revise 8431.25 to read as follows:

|. Summary of the Proposed Rule

Title Ill, Part B of the Energ¥Policy and Conservation Act of 1975 (EPCA or the
Act), Pub. L. 94163 (42 U.S.C. 6296309, as codified), establisht#te Energy

Conservation Program for Consumer Products Other Than AutomdalesC of Title

lllof EPCA (42U.S.C.63116 317) established a similar

Equi pment, o i ncl udi'nWithioteis preamble, DOE wiltuserthe c

proc

motor

terms fAelectric mot or s OPusuam to EPCA tamymevor | nt er ¢ h

amended energy conservation standard that D@ prescribdor certainequipment,

! For editorial reasons, upon codification in the U.S. Code, Parts B and C were redesignated as Parts A and

A-1, respectively.



such aslectric motorsshall bedesigned to éhieve the maximum improvement in

energy efficiency that DOE determinegeshnologically feasible and economically
justified. (42 U.S.C. 6295(0)(2)(And6316(a)) Furthermore, any new or amended
standard must result in a significant conservation ofggné€42 U.S.C. 6295(0)(3)(B)

and6316(a)).

In accordance with these and other statutory provisions discussed in this notice,
the U.S. Department of Energy (DOE) proposeending thenergy conservation
standards for electric motoby applying the stadards currently in place to a wider scope
of electric motors for which DOE does not currently reguliatsetting these standards,
DOE is proposing to address a number of diffegeatips of electric motors that have, to
date, not been required to satififig energy conservation standards currently set out in 10
CFRpart431.In addition,with the exception of fire pump electric motoifse proposal
would require all currently regulated motors to satisfy the efficiency levels prescribed in
Table 1212 andTable 20B? of MG1-2011, published by the National Electrical
Manufacturers Association; fire pump motors would continue to meet the current
standards that appbpll other electric motors that DOE is proposing to regulate would
also need to meet theseieincy levels (i.e. Tab&l2-12 and 20B). As a practical
matter, theananycurrently regulated motors would continue to be required to meet the
standards that they already meet, but certain motors, such as those that satisfy the general
purpose electrimotors (subtype Il) ("subtype II") or that are NEMA Design B motors

from 201 through 500 horsepower, would need to meet the more stringent levels

2 Table 20B of MG1-2011 provides nominal fulbad efficiencies for ratings without nominal fitlad
efficiencies in Table 122 of MG1-2011.
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prescribed by MGR011 Table 12-12 and 20B. These proposed efficiency levelse

shown in Table I.1If adoped, theproposed standardgould apply to alcovered motor

typeslisted in Table I.Xhat aremanufactured in, or imported into, the United States

startingon December 9, 2015 DOE may, however, depending on the nature of the

comments it receives, rewtishis proposed compliance date

Table 1.1 Proposed Energy Conservation Standards for
Electric Motors (Compliance Starting December B, 2015)

Equipment Electric Motor  |Horsepower Pole Proposed
Class . ! ) : Enclosure
G Design Type Rating Configuration TSL
roup
- Open 2
1 NEMA D(iS|gn A& 11 500 2 4.6 8
B Enclosed 2
: § Open 2
2 NEMA Design C* 1i 200 4,6, 8
Enclosed 2
Open 2
3 Fire Pump* 17 500 2,4,6,8
Enclosed 2
Open 2
4 Brake Motors* 1i 30 4,6,8
Enclosed 2

* Indicates IEC equivalemiectric motorsare included.

The following tables (Tables 1.2 to 1.5) detail the various proposed standard levels

thatcomprise TSL 2 and th&OE would apply to each group of motolrs determining

where gparticular motor with a certain horsepowkp) or kilowatt rating would fall

within the requirements, s |

following approach in determining which rating would apply for compliance purposes:

n DOEOSs

c DOHE vwuld apply¢hg ul at i ons,

(1) A horsepower abr above the midpoint between the two consecutive

horsepowers shall be rounded up to the higher of the two horsepowers;

11




(2) A horsepower below the midpoint between the two consecutive horsepowers
shall be rounded down to the lower of the two horsepowers; or

(3) A kilowatt rating shall be directly converted from kilowatts to horsepower
using the formula 1 kilowatt (1/0.746) horsepoweT he conversion should
be calculated to three significant decimal places, and the resulting horsepower

shall be rounded in accadce with the rules listed in (1) and (2).
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Table 1.2 Proposed Energy ConservatiorStandards for NEMA Design A and
NEMA Design B Electric Motors (Excluding Fire Pump Electric Motors, Integral
Brake Electric Motors, and Norintegral Brake Electric Motors) (Compliance
Starting December B, 2015)

Motor

Nominal Full Load Efficiency (%)

et |2 pole 4 Pole 6 Pole @ Pole
Kilowatt
Equivalent | Enclosed| Open Enclosed| Open Enclosed| Open Enclosed| Open
1/.75 77.0 77.0 85.5 85.5 82.5 82.5 75.5 75.5
1.5/1.1 84.0 84.0 86.5 86.5 87.5 86.5 78.5 77.0
2/1.5 85.5 85.5 86.5 86.5 88.5 87.5 84.0 86.5
3/2.2 86.5 85.5 89.5 89.5 89.5 88.5 85.5 87.5
5/3.7 88.5 86.5 89.5 89.5 89.5 89.5 86.5 88.5
7.5/5.5 89.5 88.5 91.7 91.0 91.0 90.2 86.5 89.5
10/7.5 90.2 89.5 91.7 91.7 91.0 91.7 89.5 90.2
15/11 91.0 90.2 92.4 93.0 91.7 91.7 89.5 90.2
20/15 91.0 91.0 93.0 93.0 91.7 92.4 90.2 91.0
25/18.5 91.7 91.7 93.6 93.6 93.0 93.0 90.2 91.0
30/22 91.7 91.7 93.6 94.1 93.0 93.6 91.7 91.7
40/30 92.4 92.4 94.1 94.1 94.1 94.1 91.7 91.7
50/37 93.0 93.0 94.5 94.5 94.1 94.1 92.4 92.4
60/45 93.6 93.6 95.0 95.0 94.5 94.5 924 93.0
75/55 93.6 93.6 954 95.0 94.5 94.5 93.6 94.1
100/75 94.1 93.6 954 954 95.0 95.0 93.6 94.1
125/90 95.0 94.1 954 95.4 95.0 95.0 94.1 94.1
150/110 95.0 94.1 95.8 95.8 95.8 954 94.1 94.1
200/150 95.4 95.0 96.2 95.8 95.8 954 94.5 94.1
250/186 95.8 95.0 96.2 95.8 95.8 95.8 95.0 95.0
300/224 95.8 95.4 96.2 95.8 95.8 95.8 95.0 95.0
350/261 95.8 95.4 96.2 95.8 95.8 95.8 95.0 95.0
400/298 95.8 95.8 96.2 95.8 95.8 95.8 95.0 95.0
450/336 95.8 96.2 96.2 96.2 95.8 96.2 95.0 95.0
500/373 95.8 96.2 96.2 96.2 95.8 96.2 95.0 95.0
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Table 1.3 Proposed Energy Conservation Standards for NEMA Design C Electric
Motors (Excluding Non-Integral Brake Electric Motors and Integral Brake Electric
Motors) (Compliance Starting December 9, 2015)

Motor
Horsepower/

Nominal Full Load Efficiency (%)

Standard 4 Pole 6 Pole 8 Pole
Kilowatt

Equivalent Enclosed Open Enclosed Open Enclosed Open
1/.75 85.5 85.5 82.5 82.5 75.5 75.5
1.5/1.1 86.5 86.5 87.5 86.5 78.5 77.0
2/1.5 86.5 86.5 88.5 87.5 84.0 86.5
3/2.2 89.5 89.5 89.5 88.5 85.5 87.5
5/3.7 89.5 89.5 89.5 89.5 86.5 88.5
7.5/5.5 91.7 91.0 91.0 90.2 86.5 89.5
10/7.5 91.7 91.7 91.0 91.7 89.5 90.2
15/11 92.4 93.0 91.7 91.7 89.5 90.2
20/15 93.0 93.0 91.7 92.4 90.2 91.0
25/18.5 93.6 93.6 93.0 93.0 90.2 91.0
30/22 93.6 94.1 93.0 93.6 91.7 91.7
40/30 94.1 94.1 94.1 94.1 91.7 91.7
50/37 94.5 94.5 94.1 94.1 92.4 92.4
60/45 95.0 95.0 94.5 94.5 92.4 93.0
75/55 95.4 95.0 94.5 94.5 93.6 94.1
100/75 95.4 95.4 95.0 95.0 93.6 94.1
125/90 95.4 95.4 95.0 95.0 94.1 94.1

150/110 95.8 95.8 95.8 95.4 94.1 94.1

200/150 96.2 95.8 95.8 95.4 94.5 94.1
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Table 1.4 Proposed Energy Conservation Standards for Fire Pump Electric Motors

(Compliance Starting December 9, 2015)

Motor
Horsepower

Nominal Full Load Efficiency (%)

/Standard 2 Pole 4 Pole 6 Pole 8 Pole
Kilowatt
Equivalent | Enclosed| Open Enclosed| Open Enclosed| Open Enclosed| Open
1/.75 75.5 75.5 82.5 82.5 80.0 80.0 74.0 74.0
1.5/1.1 82.5 82.5 84.0 84.0 85.5 84.0 77.0 75.5
2/1.5 84.0 84.0 84.0 84.0 86.5 85.5 82.5 85.5
3/2.2 85.5 84.0 87.5 86.5 87.5 86.5 84.0 86.5
5/3.7 87.5 85.5 87.5 87.5 87.5 87.5 85.5 87.5
7.5/5.5 88.5 87.5 89.5 88.5 89.5 88.5 85.5 88.5
10/7.5 89.5 88.5 89.5 89.5 89.5 90.2 88.5 89.5
15/11 90.2 89.5 91.0 91.0 90.2 90.2 88.5 89.5
20/15 90.2 90.2 91.0 91.0 90.2 91.0 89.5 90.2
25/18.5 91.0 91.0 92.4 91.7 91.7 91.7 89.5 90.2
30/22 91.0 91.0 92.4 92.4 91.7 92.4 91.0 91.0
40/30 91.7 91.7 93.0 93.0 93.0 93.0 91.0 91.0
50/37 92.4 92.4 93.0 93.0 93.0 93.0 91.7 91.7
60/45 93.0 93.0 93.6 93.6 93.6 93.6 91.7 92.4
75/55 93.0 93.0 94.1 94.1 93.6 93.6 93.0 93.6
100/75 93.6 93.0 94.5 94.1 94.1 94.1 93.0 93.6
125/90 94.5 93.6 94.5 94.5 924.1 94.1 93.6 93.6
150/110 94.5 93.6 95.0 95.0 95.0 94.5 93.6 93.6
200/150 95.0 94.5 95.0 95.0 95.0 94.5 94.1 93.6
250/186 954 94.5 95.0 95.4 95.0 95.4 94.5 94.5
300/224 954 95.0 95.4 95.4 95.0 95.4 94.5 94.5
350/261 95.4 95.0 954 954 95.0 954 94.5 94.5
400/298 95.4 95.4 954 954 95.0 954 94.5 94.5
450/336 954 95.8 95.4 95.8 95.0 95.4 94.5 94.5
500/373 954 95.8 95.8 95.8 95.0 95.4 94.5 94.5
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Table I.5 Proposed Energy Conservation Standards fointegral Brake Electric
Motors and NontIntegral Brake Electric Motors (Compliance Starting December

19, 2015)
Motor Nominal Full Load Efficiency (%)
Horsepower/
Standard 4 Pole 6 Pole 8 Pole
Kilowatt
Equivalent Enclosed Open Enclosed Open Enclosed Open
1/.75 85.5 85.5 82.5 82.5 75.5 75.5
1.5/1.1 86.5 86.5 87.5 86.5 78.5 77.0
2/1.5 86.5 86.5 88.5 87.5 84.0 86.5
3/2.2 89.5 89.5 89.5 88.5 85.5 87.5
5/3.7 89.5 89.5 89.5 89.5 86.5 88.5
7.5/5.5 91.7 91.0 91.0 90.2 86.5 89.5
10/7.5 91.7 91.7 91.0 91.7 89.5 90.2
15/11 92.4 93.0 91.7 91.7 89.5 90.2
20/15 93.0 93.0 91.7 92.4 90.2 91.0
25/18.5 93.6 93.6 93.0 93.0 90.2 91.0
30/22 93.6 94.1 93.0 93.6 91.7 91.7
A. Benefits and Costs to Consumers
Tablel6pr esent s DOEG6s evaluation of the econ

standards on consumers of electric motors, as measured\gittgedaverage life

cycle cost (LCC) savings and tihveightedaveragemedian payback period.

Table .6 Impacts of Proposed Standards on Consumers of Electric Motors

Weighted Average LCC Weighted Average
Savings (2012%) Median Payback Periodt
(years)
Equipment Class Groubp 132 3.3
Equipment Class Groud 38 5.0
Equipment Class Group N/A** N/A**
Equipment Class Group 259 1.9

* The results for each equipment class group (ECG) are a shipment weighted average of results for the
representativenits in the group. ECG 1: Representative units 1, 2, and 3; ECG 2: Representative units 4

and 5; ECG 3: Representative units 6, 7, and 8; ECG 4: Representative unitiQEmeweighted
averagdifetime in eachequipment classds 15years and rangdeom 8 to 29 years depending on the

motor horsepower and application.
** For equipment class group 3, the proposed standard level is the same as the baseline; thus, no customers

are affected.
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B. Impact on Manufacturers

The industry net present value (INP¥)the sum of the discounted cash flows to
the industry from the base year through the end of the analysis period (2013 to 2044).
Using a real discount rate of 9.1 percent, DOE estimates that the industry net present
value (INPV) for manufacturers of eleictmotorsis $3,371.2million in 2012$. Under
the proposedtandardsDOE expects that manufacturers may lose w4percent of
their INPV, which corresponds to approximateB838.5million. Additionally, based on
DOEG6s i ntervi ews ofEléctic niotore, DOEadoas hohexgeat ang r s
plant closings or significant loss of employment based on the energy conservation

standards chosen in todayds Notice of Propos

C. National Benefitand Cost$

DOEG6s anal ys e groposed standardsewouldrsave a stgmifieant
amount of energy. Estimated lifetime savings for electric m@iorshased over the 30
year period that begins in the year of compliance with new and amended standards
(2015 2044) would amount t8.0 quads (fulfuel-cycle energyf. The annualized energy
savings Q.23quads) are equivaletd onepercent ototal U.S. industrial primary energy

consumption in 2011.

% All monetary values in this section are expresseDit2dollars and are discounted2613

* One quad (quaidlion Btu) is the equivalent of 293.1 billion kilowatt hours (kwh) or 172.3 million
barrels of oil.

® Based orlJ.S. Department of Energy, Energy Information Administratmual Energy Outlook
(AEO) 2013 data.
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The estimatedumulativenet present value (NPV) edtal consumer costs and
savings attributed tthe proposed standards for electric motarges fron$8.7 billion
(at a #percent discount rate) to $23.3 billion (at-pedcent discount rate)his NPV
expresses the estimated total value of futyneratingcostsavings minus the estimated

increasecequipment costs for equipment purchased in P2RQ&4.

In addition, the proposed standards would have significant environmental
benefits. Estimated energy savings would result in cumulative emission reductions of 396
million metric tons (Mt§ of carbon ibxide (CQ), 674 thousand tons of sulfur dioxide
(SOy), 499 thousand tons of nitrogen oxides @Y@nd 0.8 tons of mercury (HQ).
Through 2030, the estimated energy savings would result in cumulative emissions

reductions 0P6 Mt of CO,

The value othe CQ reductions is calculated using a range of values per metric
ton of CQ (otherwise known as the Social Cost of Carbon (SCC)) developed by an
interagency proceks The derivation of the SCC values is discussed in section V.M.
DOE estimates the psent monetary value of the G@missions reduction is between

$2.5 and $3®.billion. DOE also estimates the present monetary value of the NO

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

" DOE calculates emissions reductions relative toAME©2013reference case, which generally represents
current legislation and environmental regulations for which implementing regulations wiablavas of
December 31, 2012

8 Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order
12866.Interagency Working Group on Social Cost of Carbon, United States Govermviagn2013;

revised November 2018ttp://www.whitehouse.gov/sites/default/files/omb/assets/inforeg/technical
updatesociatcostof-carbonfor-requlatorimpactanalysis.pdf

18


http://www.whitehouse.gov/sites/default/files/omb/assets/inforeg/technical-update-social-cost-of-carbon-for-regulator-impact-analysis.pdf
http://www.whitehouse.gov/sites/default/files/omb/assets/inforeg/technical-update-social-cost-of-carbon-for-regulator-impact-analysis.pdf

emissions reduction is $0.3 billion at g&rcent discount rate and $0.6 billion ata 3

percent discount rafe.

Tablel.7 summarizes the national economic costs and benefits expected to result

from the proposed standards for electric motors.

° DOE is currently investigating valuation of avoided Hg and &®issions.
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Table 1.7 Summary of National Economic Benefits and Costs of Electric Motors
Energy Conservation Standards Present Valuefor Motors Shipped in 2015-2044 in
Billion 2012$

Present Discount
Category Value Rate
Billion 2012%
Benefits
. . 14.8 7%
ConsumeOperating Cost Savings
vmetoperating Ving 34.9 3%
CO, Reduction Monetized Value 1%.8t case)* 2.5 5%
CO, Reduction Monetized Value 39.7t case)* 118 3%
CO;, Reduction Monetized Value §%.2t case)* 18.9 2.5%
CO, Reduction Monetized Value ($117.0/t case 366 3%
NOy Reduction Monetized Value (at 0.3 7%
$2,639/ton)** 0.6 3%
: N 26.9 7%
Tot al BenefitsA 174 3%
Costs
6.1 7%
Consumeincremental Installed Costs 117 3%
Net Benefits
Including CQ and NQ; Reduction Monetized 208 7%
Value 357 3%

* The interagency group selected four sets of SCC values for use in regulatory analyses. Three sets of

values are based on the average SCC from the three integrated assessment models, at discount rates of 2.5,

3, and 5 percent. The fourth set, which represéet®5th percentile SCC estimate across all three models

at a 3percent discount rate, is included to represent higterexpected impacts from temperature change

further out in the tails of the SCC distribution. The values in parentheses representte28C5. The

SCC time series incorporate an escalation factor.

** The value represents the average of the low and highW@| ues used in DOEO6s anal ysi
A Tot al Benefits for both the 3% and 7% cades are der
$39.7t in 2015.

The benefits and costs of todayds propose
years 2015712044, can also be expressed in te
monetary values are the sum of (1) the annualized national emovaloe of the benefits
from operation of the commercial and industrial equipment that meet the proposed

standards (consisting primarily of operating cost savings from using less energy, minus
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increases in equipment purchase and installation costs, whadiother way of
representing consumer NPV), and (2) the annualized monetary value of the benefits of

emission reductions, including G@mission reduction®

Although combining the values of operating savings and&ssion reductions
provides a useful perspective, two issues should be considered. First, the national
operating savings are domestic U.S. consumer monetary savings that occur as a result of
market transactions while the value of g@ductions is basesh a global value. Second,
the assessments of operating cost savings and&ahgs are performed with different
methods that use different time frames for analysis. The national operating cost savings is
measured over the lifetime of electric motors pkigbin years 206 2044. The SCC
values, on the other hand, reflect the present value of some future alatad¢el impacts
resulting from the emission of one ton of carbon dioxide in each year. These impacts

continue well beyond 2100.

Estimates of annuiaked benefits and costs of the proposed standards for electric
motors are shown iMablel.8. The results under the primary estimate are as follows.
Using a 7percent discount rate for benefits and costs other thane@ction, for which

DOE used a-dercent discount rate along with the average SCC series that uses a 3

YDOE used a twatep calculation process to convert the tsedes of costs and benefits into annualized
values. First, DOE calculated a presesue in 2013, the year used for discounting the NPV of total
consumer costs and savings, for the tsedes of costs and benefits using discount rates of three and seven
percent for all costs and benefits except for the value gfr€ductions. For thiatter, DOE used a range of
discount rates, as shown in Table 1.3. From the present value, DOE then calculated the fixed annual
payment over a 3@ear period (2015 through 2044) that yields the same present value. The fixed annual
payment is the annualidevalue. Although DOE calculated annualized values, this does not imply that the
time-series of cost and benefits from which the annualized values were determined is a steady stream of
payments.
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percent discount rate, the cos #62milfiont he st and
per year in increased equipment costs; while the estimated benefifis Hrérillion per

year in reduced equipment operating cosi86$nillion in CO, reductions, and 2.5

million in reduced NQ emissions. In this case, the net benefit wouldwamto 957

million per year. Using a-Bercent discount rate for all benefits and costs and the average

SCC series, the estimated cost 506/miliatnhe st anda
per year in increased equipment costs; while the estimateditseare $,730million per

year in reduced operating cost§88% million in CO, reductions, and3L.5million in

reduced NQ emissions. In this case, the net benefit would amount to approximately

$1,354million per year.
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Table 1.8 Annualized Benefits and Costs of Proposed Energy Conservation
Standards for Electric Motors, in Million 2012$

Primar Low Net High Net
_ : y* Benefits Benefits
Discount Estimate Estimate* Estimate*
Rate
million 2012%/year
Benefits
Consumer Operating Cost 1% 1114 924 1,358
Savings 3% 1,730 1,421 2,134
CO, Reduction Monetized 506 155 134 179
Value ($11.8/t case)*
CO, Reduction Monetized 3% 586 506 679
Value ($39.7/t case)* 0
CO, Reduction Monetized 2 5 882 762 1022
Value ($61.2/t case)* 70
CO, Reduction Monetized 3% 1,811 1,565 2,098
Value ($117.0/t case)*
NOyx Reduction Monetized % 21.46 18.55 24.68
Value (at $2,639/ton)** 3% 31.48 27.20 36.39
7% plus | 1,290t0 2,947 | 1,077 to 2,507 1,562 to 3,481
CO;range
) 7% 1,721 1,449 2,061
Tot al Benef it
3% plus | 1,916to0 3,572 | 1,583to0 3,014| 2,350 to 4,268
CO;range
3% 2,347 1,955 2,849
Costs
7% 462 492 447
Incremental Installed Costs
3% 577 601 569
Net Benefits
7% plus 5851t02,016 | 1,115t0 3,033| 1,353 to 3,438
CO;range
R 7% 957 1,614 1,887
Tot al A
3% plus 982102,413 | 1,781to 3,700| 1,957 to 4,043
CO;range
3% 1,354 2,280 2,492
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* This table presents the annualized costs and benefits associated with electric motors shipped in
201512044. These results include benefits to consumer
purchased in years 201571 2 0sdsdme ofGvbichtmay be incartedin ed by manuf
preparation for the rule, are not directly included, but are indirectly included as part of incremental

equipment costs. The Primary, Low Benefits, and High Benefits Estimates are in view of projections of

energy pricegrom the Annual Energy Outlook (AEO) 2013 Reference case, Low Estimate, and High

Estimate, respectively. In addition, incremental equipment costs reflect a medium constant projected

equipment price in the Primary Estimate, a declining rate for projeqtédreent price trends in the Low

Benefits Estimate, and an increasing rate for projected equipment price trends in the High Benefits

Estimate. The methods used to derive projected price trends are explained inl'gef€tion

** The interagency group selected four sets of SCC values for use in regulatory analyses. Three sets of
values are based on the average SCC from the three integrated assesslalntatndiscount rates of 2.5,

3, and 5 percent. The fourth set, which represents the 95th percentile SCC estimate across all three models
at a 3percent discount rate, is included to represent hitjferexpected impacts from temperature change
furtherout in the tails of the SCC distribution. The values in parentheses represent the SCC in 2015. The
SCC time series incorporate an escalation factor. The value fpidN@e average of the low and high
values used in DOE6s analysis.

A Tot al Bathrthe Bperteat arfd gercent cases are derived using the series corresponding to

average SCCwith-Ber cent di scount rate. rlanngete amdwsii 3% bpell Lesd GiC
range, 0 t he o pxbenefitsiane galcudated usingathedidd dlOount rate, and those values

are added to the full range of g@alues.

DOE has tentatively concluded thiae proposed standards represent the
maximum improvement in energy efficiency that is technologically feasible and
economically justified, and would result in the significant conservation of energy. DOE
further notes that equipment achieving these staridaets are already commercially
available fomoste qui pment ¢l asses covered by todayo6s
described above, DOE has tentatively concludedtiteabenefits of the proposed
standards$o the Nationenergy savings, positive NPM consumer benefits, consumer
LCC savings, and emission reductions) would outweigh the burdens (loss of INPV for

manufacturers and LCC increases for some consumers).

DOE also considered moestringent energy efficiency levels as trial standard
levels ard is still considering them in this rulemakingowever, DOEhas tentatively

concluded thathe potential burdens of the mestingent energy efficiency levels would
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outweigh the projected benefits. Depending on the comments that DOE receives in

responséo this notice and related information collected and analyzed during the course
of this rulemaking, DOE may adopt energy efficiency levels presented in this notice that
are either higher or lower than the proposed standards, or some combination of level(s)

that incorporate the proposed standards in part.

[l. Introduction

The following section briefly discusses t
proposed rule, as well as some relevant historical background related to the establishment

of standards foelectric motors.

A. Authority

Title 1ll, Part B of the Energy Policy and Conservation Act of 1975 (EPCA or the
Act) , Pub. L. 941163, as amended (42 U.S.C.
Conservation Program for ConsuPaaCoffteoduct s C
Il of EPCA(42U.S.C.63116 317) established a similar proc
Equi pment, 606 i nc1TheEnargy Peityda of 199X(EPAGT1892)s .
(Pub. L. 102486) amended EPCA by establishing energy conservation standards and test
procedurs for certain commercial and industrial electric mofoisn cont ext , Amot o
manufactured (alone or as a component of another piece of equipment) after October 24,
1997. In December 2007, Congress passed into law the Energy Independence and

Security Actof 2007 (EISA 2007) (Pub. L. No. 11040). Section 313(b)(1) of EISA

™ For editorial reasons, upon codification in the U.S. C&ets B and C were redesignated as Parts A and
A-1, respectively.
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2007 updated the energy conservation standards for those electric motors already covered
by EPCA and established energy conservation standards for a larger scope of motors not
previouslycoveredby standards(42 U.S.C. 6313(b)(2)) EPCA directs the Secretary of
Energy to publish a final rule no later than 24 months after the effective date of the
previous final rule to determine whether to amend the standledglyin effect Any

such anendment shall apply to electric motors manufactured after a date which is five
years after eithe(l) the effective date of the previous amendmer{2pif the previous

final rule did not amend the standards, the earliest date by which a previous amtendme

could have been effective. (42 U.S.C. 6313(b)(4)(B))

DOE i s i ssui n gursuantdcaPardGof Ttle b, pvbich adtablishes
an energy conservation program for covered equipment that consists essentially of four
parts: (1) testing; (2) lahng; (3) the establishment of Federal energy conservation
standards; and (4) certification and enforcement procedures. For those electric motors for
which Congress established standaodg$or which DOE amends or establishes
standards, the DOE test pealtire must bene prescribed procedurésat currently
appear al0 CFRpart 431 that apply to electric motofishe test procedure sibject to
review and revision by the Secretary in accordance with certain criteria and conditions

(See 42 \5.C. 6314(9

Section 343(a)(5)(B)T1T(C) of EPCA, 42 U.S.

part that if the NEMA and IEEEdeveloped test procedures are amenD&f;: shall so

amend the test procedures under 10 CFR part 431, unless the Secretary determines, by
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rule, tha the amended industry procedures would not meet the requirements for test
procedures to produce results that reflect energy efficiency, energy use, and estimated
operating costs of the tested motor, or, would be unduly burdensome to conduct. (42
US.C.634(a) (2) 1 (Ashnewer(vas)orisdf)the REMA and IEEE test
procedures for electric motors weteveloped DOE updated 10 CFR part 481ireflect

these change#&/anufacturers of coverezgtjuipmenimust use the prescribed DOE test
procedure as thealis for certifying to DOE that their equipment complies with the
applicable energy conservation standards adopted under EPCA and when making
representations to the public regarding the energy use or efficiency of such equipment.
(42 U.S.C. 6314(d)) Simityy, DOE must use these test procedures to determine whether

theequipmentomply with standards adopted pursuant to EPIGA.

DOE must follow specific statutowyiteria for prescribingnew andamended
standards for coverestjuipmentin the case oélectric motors, the criteria set out in
relevant subsections of 42 U.S.C. 62@hich normally applies to standards related to
consumer productslsoapplyto the setting of energy conservation standards for motors
via 42 U.S.C. 6316(aps indicated abee, new andamended standasdhust be designed
to achieve the maximum improvement in energy efficiency that is technologically
feasible and economically justified. (42 U.S.C. 6295(0)(2)(A) and 6316(a)) Furthermore,
DOE may not adopt any standard that waudtl result in the significant conservation of
energy. (42 U.S.C. 6295(0)(3) and 6316(a)) Moreover, DOE may not prescribe a
standard: (1) for certaiaquipmentincluding electric motors, if no test procedure has

been established for the product, or ()@E determines by rule that the proposed
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standard is not technologically feasible or economically justified. (42 U.S.C.
6295(0)(3)(A}B) and 6316(a)) In deciding whether a proposed standard is economically
justified, DOE must determine whether the beseadi the standard exceed its burdens.

(42 U.S.C. 6295(0)(2)(B)(i) and 6316(a)) DOE must make this determination after
receiving comments on the proposed standard, and by considering, to the greatest extent

practicable, the following seven factors:

1. Theeconomic impact of the standard on manufacturers and consumers of the
productssubject to the standard;

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

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

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

5. The impact of any lessening of competition, as determined in writing by the
Attorney General, that is likgto result from the imposition of the standard;

6. The need for national energgd wateconservation; and

7. Other factors the Secretary of Energy (Secretary) considers relevant. (42 U.S.C.

6295(0)(2)(B)(i)(I) (VII) and 6316(a))
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EPCA, as codified, also -banokal ndi what
provision, which prevents the Secretary from prescribingn@wyoramended standasd
that either increase the maximum allowable energy use or decrease the minimum required
energy effciency of a covered product. (42 U.S.C. 6295(0)(1) and 6316(a)) Also, the
Secretary may not prescribe an amended or new standard if interested persons have
established by a preponderance of the evidence that the standard is likely to result in the
unavaildility in the United States of any covered product type (or class) of performance
characteristics (including reliability), features, sizes, capacities, and volumes that are
substantially the same as those generally available in the United States. (42 U.S.C

6295(0)(4) and 6316(a))

Further, EPCA, as codified, establishes a rebuttable presumption that a standard is
economically justified if the Secretary finds that the additional cost to the consumer of
purchasing a product complying with an energy conservatandard level will be less
than three times the value of the energy savings during the first year that the consumer
will receive as a result of the standard, as calculated under the applicable test procedure

(42 U.S.C. 6295(0)(2)(B)(iii) and 6316]a)

Additionally, 42 U.S.C. 6295(q)(1), as applied to covered equipment via 42
U.S.C. 6316(a)specifies requirements when promulgatingtandard for a type or class
of covered product that has two or more subcategories. DOE must specify a different
standard level than that which applies generally to such type or clegsipmenfor

any group of coveredquipmenthat have the samerfation or intended use if DOE
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determines thagéquipmenwithin such group(A) consume a different kind of energy

from that consumed by other covergLipmentvithin such type (or class); or (B) have

a capacity or other performanoglated feature whichtlerequipmentvithin such type

(or class) do not have and such feature justifies a higher or lower standard. (42 U.S.C.
6294(q)(1) and 6316(a)). In determining whether a performezlated feature justifies a
different standard for a group of product©)P must consider such factors as the utility
to the consumer of the feature and other factors DOE deems apprddriAtgy rule
prescribing such a standard must include an explanation of the basis on which such

higher or lower level was established. (435.C. 6295(q)(2) and 6316(a))

Federal energy conservation requirements generally supersede State laws or
regulations concerning energy conservation testing, labeling, and standards. (42 U.S.C.
6297(a) (c) and 6316(a)) DOE may, however, grant waiverSezferal preemption for
particular State laws or regulations, in accordance with the procedures and other

provisions set forth under 42 U.S.C. 6297(d)).

B. Background

1. Current Standards
An electric motor is a device that converts electnaberinto rotaional
mechanical poweiThe outside structure of the motor is called the frame, which houses a

rotor (the spinning part of the motor) and the stator (the stationary part that creates a
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magnetic field to drive the rotor). Although many different technelagi e x i st , DOEOG s
rulemaking is concerned wigguirrelcageinduction motorswhich represent the

majority ofelectric motorenergy useln squirrelcage nduction motorsthe stator drives

the rotor by inducingraelectric current in the squirrelge which then reacts with the

rotating magnetic fieldo propel the rotor in the same way a person can repel one

handheld magnet with anoth@he squirrelcage used in the rotor of induction motors

consists of longitudinal conductive bars (rotor bars) cotateat both ends by rings (end

rings) forming a cagéke shapeAmong other design parameters, motors can vary in
horsepower, number of fApolesd (which deter mi
torqgue characteri sti cs. hatdbos toolimpairflow s have f[o0p
through the matr body, though some have enclo$egnes that offer added protection

from foreign substances and bodies. DOE regulates various motor types from between 1

and 500 horsepower, with 2, 4, 6, and 8 poles, and withdpeth and enclosed frames.

EPACT 1992 amended EPCA by establishing energy conservation standards and
test procedures for certain commercial and industrial electric motors manufasthesd
alone or as a component of another piece of equipment aftelb€d@4, 1997. Section
313 of EI SA 2007 amended EPCA by: (1) strik
provided under EPACT 1992, (2) setting forth

mot or (subtype I )0 and fAgehkejyab podpO8k ptltes

energy conservation standards for fgeneral p
purpose electric motors (subtype 11), #Afire
gener al pur pose el ect rofnorethan2Z@hasepower duth a powe
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not greater than 500 horsepow@?2 U.S.C. 6311(13), 6313(b))he current standards
for thesemotors which are reproduced in the proposed regulatory text at the end of this
notice,aredivided into four tables that predoe specific efficiency levels for each of

those groups of motors.

2. History of Standards Rulemaking fatectric Motors
On October 5, 1999, DOE published in #ederal Registera final rule to
implement the EPACT 1992 electric motor requirements. 654414 In response to
EISA 2007, on March 23, 2009, DOE updatachong other thingshe corresponding
electric motor regulations at 10 CFR part 431 with the new definitions and energy
conservation standard&4 FR 12058. On December 22, 2008, DOE proptsegdate
the test procedures under 10 CFR part 431 both for electric motors and small electric
motors 73 FR 78220DOE finalizedkey provisions related to small electric motor
testing in a 2009 final rule at 74 FR 32059 (July 7, 2009), and furtheragliiatest
procedures for electric motors and small electric motors at 77 FR 26608 (May 4, 2012)
TheMay 2012final rule primarily focused on updating various definitions and
incorporations by reference related to the current test procéduinat rule DOE
promulgatecar e gul at ory def i nitadaccountfoEl SAeROOTBisc mot
removal of thepreviouss t at ut ory definition of fAelectric
definitions related to those motorsthat EISA200& i d out asstautaryt of EPC.
framework, including motor types that DOE had not previously regul&eglgenerally,
id. at 2661326619 DOE published a new proposed test procedure rulemakidgro

26, 2013thatproposes tdurtherrefinesome existing electric motor definitis andadd
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certaindefinitions and test procedure preparatory stesidress wider variety of

electric motor types thaarecurrently regulated78 FR 38456.

Regarding the compliance ddbat would applyta he r equi rements of
proposed ruleEPCA directs the Secretary of Energy to publish a final rule no later than
24 months after the effective date of the previous final rule to determine whether to
amend the standards in effect for such equipment. Any such amendment shall apply to

electric notors manufactured after a date which is five years after

(1) the effective date of the previous amendment; or
(ii) if the previous final rule did not amend the standards, the earliest date by
which a previous amendment could have been effe¢ded).S.C. 8§

6313(b)(4))

As described previously, EISA 2007 constitutes the most recent amendment to
EPCA and energy conservation standards for electric m&ecgause these amendments
required compliancen December 19, 201D0E had indicated during the wse of
public meetings held in advance of todayos p
December 19, 2015vould need to comply with any applicable new standards that DOE
may set as part dhisrulemakingTo d ay 6 s gtandapsosleahply to motes
manufacturedtarting onDecember 19, 201%s noted in detail later in this notice,
however, DOE is interested in receiving comments on the ability of manufacturers to

meet this deadline
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DOE received numerous comments from interested partieprhaed
significant input to DOE in response to the framework document and preliminary
analysis that the agency had issugee 75 FR 59657 (Sept. 28, 2010) (framework
document notice of availability) and 77 FR 43015 (July 23, 2012) (preliminary analysis
notice of availability) During the framework document comment period for this
rulemaking, several interested parties urged DOE to consider including additional motor
types currently without energy conservation
establishingstandard$or such motortypes I n t he commenterso Vvi ew,
would more effectively increase energy savings than setting more stringent stdodards
currently regulated electric motois responseDOE published a Request for
Information (RFI)seeking public comments from interested parties regarding
establishment of energy conservation standards for several types of definite and special
purpose motors for which EISA 2007 did not provide energy conservation standards. 76
FR 17577 (March 30, 2011DOE received comments responding to the RFI advocating
that DOE regulate many of the electric motors discussed in tha&®&kell as many

additional motor types.

Then onAugust 15, 2012, a group of interested patieh e fi Mot o) Coal i t i
submited aPetitionto DOE asking the agent¢y adopt a consensus stakeholder proposal

that would amend thenergy conservation standards for electric motors. The Motor

12 The members of the Motor Coalition includéational Electrical Manufacturers Association, American
Council for an Energgfficient Economy, Appliance Standards Awareness Project, Alliance to Save
Energy, Earthjustice, Natural Resources Defense Council, Northwest Energy Efficiency Alliance,
Northeast Energy Efficiency Partnerships, and Northwest Power and Conservation.Council
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Coaliti onodos pexmpngtlescopeafdoverageot brahder range of
motorsthan what DOE currently regulatasdit recommended that energy conservation
standards foall coveredelectric motors be set kvels that aréargelyequivalent to
what DOE pr opos gie., dffinienty tedels yn 8IEMANMGPORL Table

12-12and 20B).*

DOE received several comments from NE&gardinghe December 19, 2015
compliance date. First, NEMA pointed out that all publications and presentations prior to
that preliminary analysis public meeting on
statutory deadline for any final rule was December 19, 2012, but at the publicgneet
DOE showed a final rule completion date as the end of ZBEBVIA, No. 54 at pp. 2,6
7) NEMA guestioned the authority by which DOE has decided to delay the Final Rule

beyond the date of December 19, 2(H®stipulated in EPCA. (NEMA, No. 54 at p. 2)

Second, NEMA commented that shortening the time to comply with any new
standards from three years to two years would place additional burdens on manufacturers
considering all otheelectric motorgypesthat DOE is considering in the preliminary
TSD, the burdensome candidate standard levels that DOE is considering, and the
possibility of expanding the scope of energy conservation standards. (NEMA, No. 54 at

pp. 2, 7; NEMA, Public Meeting Transcript, No. 60 at p. 30)

B“DOE6s proposal differs from that of the Motor Coalit
does not set separate standards fdrathe motors. It also seeks supplemental information regarding
certain 56frame motors. See sectitvi.A.2 for detalils.
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Third, NEMA alsonotedthat when PACT 1992first added electric motors as
coveredequipment motor manufacturers were allowed five years to modify motor
designs and certify compliance to the new standards. (NEMA, No. 54 ait purfher
noted thaNEMA MG 1-1998subsequentlyntroducedNEMA Premium efficiency
standards, and between 1998 and 2007 manufacturers voluntarily increased the number of
NEMA Premium efficiency motor models available. (NEMA, No. 54 at p. 7) NEMA
commented that this transitigeriodeased the burden sétisfyingthe added stringency
of thestandards set by EISA 2007, which allowed three years to update energy
conservation standards to mandatory NEMA Premium levels for certain motor ratings.
(NEMA, No. 54 at p. 7NEMA added thaadhering to the statutory deadlifog setting
anynew andamended standards woutdnimize any disruption in the electric motor
market (NEMA, No. 54 at p. 8)NEMA alsocommented that since the EISA 2007
standards were enacted, only a limited number of motor ratings above NEMA Premium
have been offered because there is not sufficient space available in most frame ratings to
increase the efficiency. (NEMA, No. 54 at p. 7) NEMA added that any standards above
NEMA Premium would force manufacturers to redesign entire product lines and go
through the process of certification and compliance, all of which would be expected to

take longer than three years. (NEMA, No. 54 at pp. 7, 8)

Finally, NEMA alsoattempted to illustratthe difficulty of reaching NEMA
Premium levels in IEC frame motors, noting that a compariseertificatesof
compliancebefore and after EISA 2007 standards wetd d@fect would demonstrate

that some manufacturers were forced to abandon the U.Sicfeotor market for some
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period of time before they could update their IEC frame motor product line. (NEMA, No.
54 at p. 8) NEMA added that increasing the efficiency of subtype Il motors to NEMA
Premium efficiency and expanding the scope of motors subjectergy conservation
standards (many of which currently have efficiency levels below®EP¥092 energy
conservation levels) will also require extensive redesign, and manufacturers would be

forced to comply in only three years. (NEMA, No. 54 at p. 8)

During the course of preparing for the electric motors energy conservation
standards rulemaking, information was submitted to DONBWA, ASAP, and CDAnN
response to DOE ® shefefitbn franmtbe Motbre QoalitidAthae r i n
caused DOE to realuate the scope of electric motors it was considering in this
rulemaking ThatPetition, and related supporting information, suggested that &ipky
the NEMA Premium ef fi ci émoawmuchl@oadefswathiofi NEMA Pr
electric motors thaarecurrently regulated by DQEather than increase the stringency
of the standards that had only recently come into effect (i.e., EISA 2007 standards)
part of its routine practice, DOE reviewed the information and the merits Bétitien.
With the poential prospect of expanding the types of motors that would be regulated by
standards, DOE recognized the need to amend its test procedures to add the necessary
testing preparatory steps (i.e.testsgg pr ocedur es) .fTheinBl@GiBNGs r egul
of these steps would help ensure that manufactoféhese new motor typesould be

performing the same steps are performedhentestingcurrently regulatednotors

1 The Petition is available ahttp://www.regulations.gov/#!documentDetail: D=EERB10BT-STD-
00270035
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The compliance date prescribed by statute would require manufacturers to begin
manufacturing compliant motors by Decemb®r2015 Accordingly, DOE is proposing
a December 19, 2015, compliance d&X®E, however, recognizes that the statls®
contempléeda threeyear lead time for manufacturers in order to account for the
potential logistical and production hurdles theatnufacturersnay face when
transitioning to the new standarédscordingly, while DOE is proposing a Decemiéy,
2015 compliance dééine, it is also interested in comments that detaylhurdleswith
meeting this compliance deadlialong with the merits afeceivingthe threeyear lead

time alsoset out in the statute.

3. Process for Setting Energy Conservation Standards

Section 325(oprovides criteria for prescribing new or amended standards which
are designed to achieve the maximum improvement in energy efficiency and for which
the Secretary of Energy determines are technologically feasible and economically
justified. Consequently, DE must consider, to the greatest extent practicable, the

following seven factors:

(1) the economic impact of the standard on the manufacturers and consumers of

the products subject to the standard;

(2) the savings in operating costs throughout the estinzatehge life of the
products compared to any increase in the prices, initial costs, or maintenance
expenses for the products that are likely to result from the imposition of the

standard;
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(3) the total projected amount of energy savings likely to resultttireom the

imposition of the standard,;

(4) any lessening of the utility or the performance of the covered products likely

to result from the imposition of the standard,;

(5) the impact of any lessening of competition, as determined in writing by the

Attorney Geeral, that is likely to result from the imposition of the standard;

(6) the need for national energy conservation; and

(7) other factors the Secretary considers relevant. (42 U.S.C. 6295(0)(2)(B)(i) and

6316(a))

Other statutory requirements are set forth irJ42.C. 6295(0)(1)2)(A),
(2)(B)(ii)i (iii), and (3) (4). These criteria apply to the setting of standards for electric

motors through2 U.S.C6316(a).

[1l. General Discussion

DOE developed todayds proposederbalul e after

and written comments, data, and information from interested parties that represent a
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variety of interests. All commenters, along with their corresponding abbreviations and

affiliations, are listed imablelll .1 below. The issues raised by these commenters are

addressed in the discussions that follow.

Table 1l .1 Summary of Commenters

Company or Organization | Abbreviation Affiliation
Alr Mo_ve_ment and Qontrol AMCAI Trade Association
Association International, Inc.
Alliance to Save Energy ASE Energy Efficiency Advocates
A”?e_”ca” Council for an Energy ACEEE Energy EfficiencyAdvocates
Efficient Economy
é?ggi?ce Standards Awareness ASAP Energy Efficiency Advocate
Baldor Electric Co. Baldor Manufactures
BBF & Associates BBF Representative fdfrade
Association
Ca.ll.lf.orma Investor Owned CA I0Us Utilities
Utilities
CopperDevelopment Associatiorf CDA Trade Association
Earthjustice Earthjustice Energy Efficiency Advocates
EIectrlp Apparatus Service EASA Trade Association
Association
Flolo Corporation Flolo Other
Indus_tnal Energy Consumers of IECA TradeAssociation
America
Energy Efficiency Advocates,
Motor Coalition* MC Trade Associations,
ManufacturersUtilities
Natlon_al _EIectrlcaI Manufacturer NEMA Trade Association
Association
No_rthwest Energy Efficiency NEEA Energy Efficiency Advocates
Alliance
Northvx_/est Power & Conservatio NPCC Utilities
Council
SEW-Eurodrive, Inc. SEWE Manufacturer
ULLLC UL Testing Laboratory

* The members of the Motor Coalition includéational Electrical Manufacturers AssociatiiMEMA),

American Council for an Energgfficient Economy(ACEEE), Appliance Standards Awareness Project

(ASAP), Alliance to Save EnergdASE), Earthjustice, Natural Resources Defense Co{NEIDC),
Northwest Energy Efficiency AlliancNEEA), Northeast Energy Efficiency PartnershipEEP) ard
Northwest Power and Conservation CoukisiPCC)

Subsequent to DOEG6s preliminary analysis
interested parties submitted comments supporting the Petition. Those supporters

included: BBF and Associates, the Air Movement apdtt®| Association International,
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Inc., U.S. Senators Lisa Murkowski and Jeff Bingaman, the Hydraulic Institute, the
Arkansas Economic Development and Commissiorergy Office, and the Power

Transmission Distributors Association.

A. Test Procedure

OnJune &, 2013, DOE published @oticethat proposed to incorporate
definitions for certain motor types not currently subject to energy conservation standards
(78 FR 38456)The notice also proposed clarify several definitions for motor types
currentlyregulated by energy conservatistandardeaindadding some necessatepsto
facilitate the testing ofertainmotor type that DOEdoes not currently require to meet
standards. During its preliminary analysis stage, DOE received comments concerning
definitions and test procedure agt steps suggested for testing motors uader
expanded scopapproachDOE addressed the comments as part of the test procedure

NOPR. For additional details, sé8 FR 38456 (June 26, 2013).

B. EquipmentClasses and Current &e of Coverage

When evaluating and establishing energy conservation standards, DOE divides
covered equipment into equipment classes by the type of energy used or by capacity or
other performanceelated features thatould justifya different standard. Imaking a
determination whether a performaretated featurgvould justify a different standard,

DOE must consider factors such as the utility to the consumer of the feature and other

factors that DOE determines are appropriate. (42 U.S.C. 6295(q) adhp31
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Existing energy conservati@tandards cover electric motors that fall into four
categoriedased on physical design featureshef motor. These fouwrategoriesare
general purposelectricmotors (subtype 1), general purposéectricmotors (subtype II),
fire pump electric motorsand NEMA Design B motors (with a horsepower rafnogn

201through500). Definitions for each of thseterms can be found at 10 CFR 431.12

C. Expanded Scope of Coverage

DOE has the authority to set energy conservation standards for a wider range of
electric motors than those classified as general purpose electric motors (e.g., definite or
special purpose motorggPACT 1992amendedPCAto include, among other things, a
definition for the ternfi e | e ¢ t r li whichrthe stadutedaefined as includicgrtain
Afgeneral purposeo motors. (42 U.S.C. 6311(13
the terms fAdefinite purpose motorso and HfAspe
6311(3)(C) and (D)) (1992)) EPACT 1992 initially prescribed energy conservation
standards fofelectricmotor6 (i . e., subtype | gader al pur po
explicitly statedthatthesestandards did not apply to definite purpose or special purpose
motors. (42 U.S.C. 6313(b)(1) (1992)) However, EISA 2007 struckdanew EPACT
1992 definiti owmWitthe ransovakotthisdefioitiom the term
Afel ectric motor 0 .Aeacresulefthese changes,rboth definite ena p e
speci al purpose motors fell under the broad h
only applied to AygeilaEISAX007 gasarilped Saedardsnfias t or s
general purpose motottfie Act did not applythose standards definite or special

purpose motorg42 U.S.C. 6313(b) (2012))

42



Although DOE believes that EPCA, as amended through EISA 2007, provides
sufficient statutory authority for the regulation of special purpose and definite purpose
mot ors as fdel ectr i c ditianal autherity andd®dotieon 19 ofthe s it h a
American Energy Manufacturing Technical Corrections Act, Pub. L.21TRwhich
amended DOEOGsSs authority to regulate commerci
340(2)(B) of EPCA toaddictiude tfiot@ZIrecebitioc sMa
U.S.C. 6311(2)(B)(xiii)).Therefore, even if special and definite purpose motors were not
el ectric motors, o speci al and definite purp

motorso that EPCA abusteabedqupmen? eats as cover ed

Consistent with EISA20@&¥s r ewor ki n g the 2012 tdsteprockdufei ni t i on

final rul e broadly defined t h@FR2608 fiel ectr i

EpPCA specifies the types of industrial equipment that can be classified as covered in addition to the
equi pment enumerated in 42 U.S.C. 6311(1). This equi g
U.S.C. 6311(2)(B)). Industl equipment must also, without regard to whether such equipment is in fact
distributed in commerce for industrial or commercial use, be of a type that: (1) in operation consumes, or is
designed to consume, energy in operation; (2) to any significamnteid distributed in commerce for

industrial or commercial use; and (3) is not a covered product as defined in 42 U.S.C. 6291(a)(2) of EPCA,
other than a component of a covered product with respect to which there is in effect a determination under
42 U.SC. 6312(c). (42 U.S.C. 6311 (2)(APata from the 2002 United States Industrial Electric Motor
Systems Market Opportunities Assessment estimated total energy use from industrial motor systems to be
747 billion kwh Based on the expansion of industriaity, it is likely that current annual electric motor
energy use is higher than this figure. Electric motors are distributed in commerce for both the industrial and
commercial sectors. According to data provided by the Motor Coalition, the numbertdtetestors
manufactured in, or imported into, the United States is over five million electric motors annually, including
special and definite purpose motors. Finally, special and definite purpose motors are not currently regulated
under Title 10 of the Gie of Federal Regulations, part 430 (10 CFR part 430).

To classify equipment as covered commercial or industrial equipment, the Secretary must also determine
that classifying the equipment as covered equipment is necessary for the purposes -af ¢fEPEA.

The purpose of Part-A is to improve the efficiency of electric motors, pumps and certain other industrial
equipment to conserve the energy resources of the nation. (42 U.S.C. g8)2(an t odayb6s proposal
DOE has tentatively determined that tiegulation of special and definite purpose motors is necessary to

carry out the purposes of partldof EPCA because regulating these motors will promote the conservation

of energy supplies. Efficiency standards that may result from coverage would befguce some portion

of the potential for improving the efficiency of special and definite purpose motors.
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(May 4,2012)That definition chypecsci dlgemerads par oo
purposeo el ectric moAsmmotedabduecBCAdlidioireneird by EPCA
either fAspeci al purposeo or Adefinite purpos
standards because theyuwposedotndemsider EEdCA
of Ageneral purpose motor o0 -BI 1A n2e0le7 sfaelye cetlre
mot or 0 dSed 77 RR 26d1Because of the restrictive nature of the prior electric

motor definition, along with the restrictieee f i ni t i on of the term fAi ni
DOE would have been unable to set standards for such motbait this changeg(See

42 U.S.C. 6311(2)(B(2006)(limiting the scope of equipment covered under EPCA)) In

view of the changes introduced by BI3007 and the absence of energy conservation
standards for speci al pur pose and definite p
July 2012 electric motors preliminary analysis technical support document {TBB),

DOEG6s vVvi eoftheshmtbrsalroet c at egori es of fAelectric
EPCA, as currently amendeficcordingly, DOE isproposingstandards for certain

definite purpose and special purpose mofbosthis end DOE is considering setting

energy conservation standards favdé motors that exhibit all of the followimgne

characteristics:

1 Is a singlespeed, induction motor,
1 Is rated for continuous duty (M@ operation or for duty type S1 (IEC),
1 Contains a squirretage (MGL1) or cage (IEC) rotor,

1 Operates on polyphaseeathating current 60ertz sinusoidal line power,

% Thepreliminary TSD published in July 2012 is available at:
http://www.regulations.gov/#!documentDetail; D=EERB10BT-STD-0027-0023
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1 Is rated 600 volts or less,

1 Has a2 4, 6, or 8pole configuration,

1 Has a threaligit NEMA frame size (or IEC metric equivalent) or an
enclosed 56 NEMA frame size (or IEC metric equivalent)

1 Hasno morethan 500 horsepower, but greater than or equal to 1
horsepower (or kilowatt equivalent), and

1 Meets all of the performance requirements of a NEMA Design A, B, or C

electric motor or an IEC design N or H electric motor.

However, notor types that exhibit atif thecharacteristics listed above, but that
DOE does not believe should be subject to energy conservation standards at this time
because of theurrent absence of a reliable and repeatable meéthiadt them for
efficiency, would be listed asnotors tlat wouldnotat this time besubject to energy
conservation standardSnce a test procedure becomes available, DOE may consider
setting standards for these motors at that.tbee generally78 FR 38456 (June 26,
2013).DOE requests comment on these rgharacteristics and their appropriateness for

outlining scope of coverage.

To facilitate the potential application of energy conservation standasge ¢l
and definite purposmotors, DOE proposed to define such motors and provide certain
preparatoryest procedure steps8 FR 3845@June 26, 2013)he definitions under
consideration would address motors currently subject to standards, specific motors DOE

is considering requiring to meet standards, and some motors that will continue to not be
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required to meet particular energy conservation standards. Some of the clarifying

definitions, such as the definitions for NEMA Design A and C electric motors, come

from NEMA Standards PublicationMGT 2009, fAMotors and Gener at
understands that sometbe motors addressed, such as partial motors and integral brake

motors, do not have standard indusaocepted definitions. For such motor types, DOE

worked with subjeetatter experts (SMEs), manufacturers, and the Motor Coalition to

create the workingefinitions that are proposed in the test procedure NQ®PRR 38456

(June 26, 2013)

D. Technological Feasibility

1. General

EPCArequireshat any new or amended energy conservation standard that DOE
prescribes shall be designed to achieve the maximum vwaprent in energy efficiency
that DOE determines is technologically feasible. (42 U.S.C. 6295(0)(2i@9316(a))
In each standards rulemaking, DOE conducts a screening analysis based on information
gathered on all current technology options and prototgsigns that could improve the
efficiency of the products or equipment that are the subject of the rulemaking. As the first
step in such an analysis, DOE develops a list of technology options for consideration in
consultation withmanufacturers, desigmegineers, and othénterested parties. DOE then

determines which of those means for improving efficiency are technologically feasible.

WhereDOE determinsthat particulatechnologyoptions aretechnologically

feasible, it further evaluates eaelcthnobgy option inview of thefollowing additional
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screeningriteria (1) practicability to manufacture, install, or service; (2) adverse

impacts on product utility or availability; and (3) adverse impacts on health or safety.

SectionlV.B of this notice addresses the results of the screening analysis for electric
motors, particularly the desoutgandsthodeh& consi de
are the basis for the trial standard levels (TSLS) in this rulemaking. For further details on

the screening analysis for this rulemaking, see chapter 4 of the NOPR TSD.

2. Maximum Technologically Feasible Levels
When DOE proposes to gatcanew oramended standard for a type or class of
covered product, it must determine the maximum improvement in energy efficiency or
maximum reduction in energy use that is technologically feasible for such product. (42
U.S.C. 6295(p)(1)T his requiremenalso applies to DOE proposals to amend the
standards for electric motoiSee 42 U.S.C. 6316(a&)ccordingly,in its engineering
analysisDOEdeterminelt he maxi mum t echnolklcegihwadl |y feasi
improvements in energy efficienégr electric mobrs using the design parametéos
themost efficientmotorsavailableon the market or in working prototyp&Seechapter
5 of the NOPR TSD The maxtech levels that DOE determined for this rulemaking are

described in sectiolY.C.3 of this proposed rule.

E. Energy Savings

1. Determination of Savings
Section 325(0) of EPCAlsoprovides that any new or amended energy

conservation standard that DOE prescribes shall be designed to achieve the maximum

47



improvement in energy efficiency that DOE determines is economically justified. (42
u.S. C. 6 2 9 5dnd6B816(a)) I addition (irBdetermining whether such
standard is technologically feasible and economically justified, DOE may not prescribe
standards for certain types or classes of electric motors if such standards would not result
in significant energy saving&42 U.S.C. 629(0)(3)(B) and 6316(a)Jor each TSL,

DOE projected energy savingg®m the motors thawould becovered under this
rulemaking andhat would bepurchased in the 3gear period that begins in the year of
compliance with th@eew andamended standard®q15 2044). The savings are measured
over the entire lifetime of equipment purchased in thge period” DOE quantified

the energy savings attributablegach TSLas the difference in energy consumption
between each standards case and the base casasEhaabe represents a projection of
energy consumption in the absenc@eiv oramended mandatory efficiency standards,

andconsiders market forces and policies that affect demand for more efficient equipment.

DOE used its national impact analysis (NIA) spreadsheet model to edtivate
energy savingifom new andamended standards for the equipmentwmaild besubject
to this rulemakingThe NIA spreadsheet modglescribed in sectiolV.H of this notice)
calculates energy savings in site energy, which is the energy directly consumed by motors
at the locations where they are ugear. electricity, DOE reports national energy savings
in terms of the savings in the energy that is used to generate and transmit the site

electricity. To calculatesource energyDOE derives annual conversion factors from the

In the past DOE, presented energy savings results for only theaB(eriodthat begins in the year of
compliance In the calculation of economic impacts, however, DORstdered operating cosavings
measured over the entire lifetimeaxgfuipmenpurchased in the 3gear periodDOE has chosen to modify

its presentation of nationahergy saving® be consistent with the approach used for its national economic
analysis
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model used to preparetheEngy | nf or mat i on Audnoal Bnerg/t r at i on 6 s

Outlook(AEQ)

DOE has begun to also estimate-fukl-cycle energy savings. 76 FR 51282
(August18, 2011) as amended at 77 FR 49701 (AsgL7, 2012) The full-fuel-cycle
(FFC) metric includes thenergy consumed in extracting, processing, and transporting
primary fuels, and thus presents a more complete picture of the impacts of energy
efficiency standard® OE6 s ev al uat isiedriven ih pak IfyGhe Nadional n g
Academy of Sciepocedd®n( RAE) measurement appr oe
Appliance Standards ProgrdftiThe NAS report discussthat FFCwasprimarily
intended forenergy efficiency standards rulemakivgsere multiple fuels may be used
by a particular product. liime caseof this rulemaking pertaining to electric motoosly
a singlefueld electricityd is consumed by the equipmeBtOEG6 s approach i s ba
thecalculation of an FFC multiplier for each of the energy types used by covered
equipmentThe methodology for estiating FFC does not project how fuel markets
would respond to this particular standard rulemaking. The FFC methodology simply
estimates how much additional energy, and in turn how many tons of emissions, may be
displaced if the estimated fuel were not aoned by the equipment covered in this
rulemaking. It is also important to note that inclusion of FFC savings does not affect

DOE6s choice of proposed standards.

BARevi ew o fof-UBeé) ane FufFRebdyaletMeasurement Approaches to DOE/EERE Building

Appliance Energyef f i ci ency Standards, 66 (Academy report) was
five recommendationg\ copy of the study can be downloaded at:

http://www.nap.edu/catalog.php?record_id=12670.

49



2. Significance of Savings

As noted above, 42 U.S.C. 6295(0)(3)(B) prevents DOE from adpptstandard
for a covered product unless such standard w
Al t hough the term Asignificanto is not expl:i

Appeals, inlNatural Resources Defense Council v. Herring#68 F.2| 1355, 1373

(D.C. Cir. 1985), indicated that Congress in
context to be savings that were not fAgenui ne
savings for all of the TSLs considered in this rulemaking (presemtzttionV.A) are

nontrivial, and, therefore, DOE considers th

section 325 of EPCA.

F. Economic Justification

1. Specific Criteria
EPCA provides seven factors to be evaluated in determining whether a potential
energy conservation standard is economically justified. (42 U.S.C. 6295(0)(2)(B)(i)) The

following sectiongletailhow DOEaddressesach of those factors this rulemaking.

a. Economic Impact on Manufacturers and Consumers

In detemining the impacts of aew oramendedtandard on manufacturers, DOE

first uses an annual cafiow approach to determine the quantitative impacts. This step
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includes both aghortterm assessmehtbased on the cost and capital requirements during

the period between when a regulation is issued and when entities must comply with the
regulatiord and a longerm assessment over a@ar period™® The industrywide

impacts analyzethclude industry net present value (INPV), which values the industry on

the basis of expected future cash flows; cash flows by year; changes in revenue and
income; and other measures of impact, as appropriate. Second, DOE analyzes and reports
the impacts o different types of manufacturers, including impacts on small

manufacturers. Third, DOE considers the impact of standards on domestic manufacturer
employment and manufacturing capacity, as well as the potential for standards to result in
plant closures ahloss of capital investment. Finally, DOE takes into account cumulative

impacts of various DOE regulations and other regulatory requirements on manufacturers.

For individual consumers, measures of economic impaktidethe changes in
life-cycle cost (CC) and payback period (PBB3$sociated with new or amended
standards The LCC, addressed as fisavings in oper
6295(0)(2)(B)(i)(I1), is one of seven factors considered in determining the economic
justification for a new or amendetindard and is discussed in the following secton
consumers in the aggregate, DOE also calculates the national net present value of the

economic impacts applicable to a particular rulemaking.

b. Life-Cycle Costs
The LCC is the sum of the purchase pota piece of equipment (including its

installation) and the operating expense (including energy, maintenance, and repair

¥ DOE also presents a sensitivity analysis that considers impacts for products shippsear pe¥iod.
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expendituresiliscounted over the lifetime of that equipmdrite LCC savings for the
considered efficiency levels are calculatedtieé to a base case that reflects projected
market trends in the absencenefv oramended standards. The LCC analysis requires a
variety of inputs, such as equipment prices, equipment energy consumption, energy
prices, maintenance and repair costs, egeift lifetime, and consumer discount rates.

For its analysis, DOE assumes that consumers, as users of electric motors, will purchase

the considered equipment in the first year of compliance weth oramended standards.

To account for uncertainty anémability in specific inputs, such as equipment
lifetime and discount rate, DOE uses a distribution of values with probabilities attached
to each value. DOE identifies the percentage of consumers estimated to receive LCC
savings or experience an LCC ingse, in addition to the average LCC savings
associated with a particular standard |lel>€DE also evaluates the LCC impacts of
potential standards on identifiable subgroups of consumers that may be affected

disproportionately by a national standard.

c. Energy Savings

Although significant conservation of energy is a separate statutory requirement
for imposing an energy conservation standard, EPCA requires DOE, in determining the
economic justification of a standard, to consider the total projected eserigngs that
are expected to result directly from the standard. (42 U.S.C. 6295(0)(2)(B)(A@I))
discussed in sectidv.H, DOE uses the NIAmeadsheet to project national energy

savings.
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d. Lessening of Utility or Performance
In establishing classes pfoducts and in evaluating design options and the
impact of potential standard levels, DOE evaluates standards that would not lessen the
utility or performance of the considered products. (42 U.S.C. 6295(0)(2)(B)()A¥))
noted earlierlte substance of this provision applies
proposaks well DOE has determined thdtdstandardproposed n t matieewild s
not reducehe utility or performance of thequipmenunder consideration in this
rulemaking.One pieceof evidence for this clainncludesthe fact that many motors are
already commonlyeingsold atthgpr oposed | evels (NEMAOGOsSs APrem
A second piece of evidence is that the proposed standards closely track the
recommendations of NEMA, which represents manufacturers who understand deeply the
design compromises entailed in reaching higher efficiencies and who would be acting
against tle interest of their customers in recommending standards that would harm

performance or utility.

e.Impact of Any Lessening of Competition

EPCA directs DOE to consider the impact of any lessening of competition, as
determined in writing by the Attorney Geaékrthat is likely to result from the imposition
of a standard. (42 U.S.C. 6295(0)(2)(B)(i)(W)also directs the Attorney General to
determine the impact, if any, of any lessening of competition likely to result from a
proposed standard and to transsoith determination to tigecretaryf Energywithin

60 days of the publication of a proposed rule, together with an analysis of the nature and
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extent of the impact. (42 U.S.C. 6295(0) (2)
proposed rule to the fdrney General with a request that the Department of Justice
(DOJ) provide its determination on this issu

determination in the final rule.

f. Need for National Energy Conservation

The energy savings frothe proposeé standards are likely to provide
improvements to theesurity and reliability ofthe At i ondés ener gy system.
the demand for electricity also may resulteduced costs for maintainitige reliability
oftheNat i ono6s el eDdOE condudtsta ytilitg immadt analysisastimae how

standards may affecttheeN i ondés needed power generation <c

Theproposedtandards also are likely to result in environmental benefits in the
form of reduced emissions of air pollutants gneenhouse gases associated with energy
productionDOE r eports the emissions impacts from
TSL it consideredin sectionV.B.4 of this notice. DOE also reports estimates of the

economic value of emissions reductions resulting from the considered TSLs.

g. Other Factors
EPCA allows the Secretary of Energy, in determining whether a standard is
economically justified, to@nsider any other factors that the Secretary deems to be

relevant. (42 U.S.C. 6295(0)(2)(B)@)(VII))
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2. Rebuttable Presumption

As set forth in 42 U.S.C. 6295(0)(2)(B)(iii)), EPCA creates a rebuttable
presumption that an energy conservation standard is eccalty justifiedif the
additionalcostto the consumer & product that meets the standard is less than three
times the value of the firgea® snergy savings resulting from the standasl
calculated under the applicable DOE test proceddi@ E 6 SC ahd®BP analyses
generate values used to calculate the effects that proposed energy conservation standards
would have on the payback period for consumers. These analyses include, but are not
limited to, the thregrear payback period contemplated underrésbuttablgoresumption
test. In addition, DOE routinely conducts an economic analysis that considers the full
range of impacts to consumers, manufacturers, the Nation, and the environment, as
required under 42 U.S.C. 6295(0)(2)(B)(i). The results ofaha@ysis serve as the basis
for DOEOGs evalwuation of the economic justifi
supporting or rebutting the results of any preliminary determination of economic
justification). The rebuttable presumption payback o&dton is discussed in section

IV.F.12 of this proposed rule.

IV. Methodology and Discussion of Related Comments

DOE used four spreadsheet tools to esti ma
standards. The first spreadsheet calculates LCCs and PBPs of potential new energy
conservation standards. The second provides shipments forecasts and the third calculates

national @ergy savings and net present value impacts of potential new energy
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conservation standards. The fourth tool helps assess manufacturer impacts, largely

through use of the Government Regulatory Impact Model (GRIM).

Additionally, DOE estimated the impacts of energy conservation standards for
electric motors on wutilities and the environ
Energy Modeling System (NEMS) for the utility and environmental analyses. The NEMS
model sinulates the energy sector of the U.S. economy. EIA uses NEMS to prepare its
Annual Energy Outlook (AEQa widely known energy forecast for the United States.

The version of NEMS used for appliance standards analysis is called {BE/@nd is
based on th&EO version with minor modification$: The NEMSBT model offers a
sophisticated picture of the effect of standards because it accounts for the interactions

between the various energy supply and demand sectors and the economy as a whole.

A. Market and Technolpy Assessment

For the market and technology assessment, DOE develops information that
provides an overall picture of the market for the equipment concerned, including the
purpose of the equipment, the industry structure, and market characteristicstivitys ac
includes both quantitative and qualitative assessments, based primarily on publicly

available information. The subjects addressed in the market and technology assessment

BT stands for DOE6s Building Technologies Program.

ZTheEl A al l ows the use of the name ANEMSO to describe
modification to code or data. Because the present analysis entails some minor code modifications and runs

the model under various policy scenarios that defiateo m AEO assumpt i eBnlso, rtehfee rnsa me
to the model as used here. For more information on NEMS, refer to The National Energy Modeling

System: An Overview, DOE/E®581 (98) (Feb.1998), available at:
http://tonto.eia.doe.gov/FTPROOT/forecasting/058198.pdf
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for this rulemaking include scope of coverage, equipment classes, typespohequi
sold and offered for sale, and technology options that could improve the energy
efficiency of the equipment under examination. Chapter 3 of the TSD contains additional

discussion of the market and technology assessment.

1. Current Scope of Electric Mots Energy Conservation Standards

EISA 2007 amended EPCA to prescribe energy conservation standards for four
categories of electric motors: general purpose electric motors (subtype 1) (hereinafter,
Asubtype 10), gener al AYr @ hea ee lnadttreirg mMotudn
pump electric motors, and NEMA Design B, general purpose electric motors that also
meet the subtype | or subtype Il definitions and are raivede200 horsepowethrough
500 horsepower . D OE 6 sfinahmls added dacitgtothe t est pr oc e
definitions for each of these motor categories, which are now codified at 10 CFR 431.12.

77 FR 26608

Although DOE is not proposing to modify these definitions, commenters sought
additional clarifications. During the prelinary analysis public meeting, NEMA
expressed confusion regarding whether IEC frame motors would fall under the subtype |
or subtype Il designation, as DOE defined them to be related to both definitions. NEMA
added that because subtype | and subtypedtrt motors are subject to different

efficiency standards, manufacturers producing IEC frame motors are confused as to
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whether IEC frame motors are subject to NEMA MGable 1211 or Table 1212

efficiency standard® (NEMA, Public Meeting Transcript, N 60 at pp. 36, 37)

DOE understands that an IEC frame motor could be treated as either a subtype |
or subtype Il motor depending on its other characteristics. Having an IEC frame alone
does not dictate whether a motor is a general purpose subtypebtypest motor;
rather, other physical characteristics, such as equivalency to a NEMA Design A, B, or C
electric motor, and whether it has mounting feet could determine the subtype designation
and associated energy efficiency standard lMebf these éements flow directly from
the statutory changes enacted by EISA 2(8&e EISA 2007, sec. 313(a)(3), codified at
42 U.S.C. 6311(13) Currently, electric motors are required to meet energy conservation

standards as follows:

Table IV.1 Current Electric Motor Energy Conservation Standards?®

Energy Conservation

Electric Motor Category Horsepower Range Standard Level
General Purpose Electric , .

Motors (Subtype ) 1 to 200 (inclusive) MG 1-2011 Table 122
General Purpose Electric 4 1 56 (inclusive) MG 1-2011 Table 1211

Motors (Subtype II)

NEMA Design B and

IEC Design N Motors 201 to 500 (inclusive) MG 1-2011 Table 1211

Fire Pump Electric Motors 1 to 500 (inclusive) MG 1-2011 Table 121

Additionally, NEMA requested clarification on the terminology DOE intends to

use for NEMA Design B motors, namely whether

2 The efficiency levels found in Table 412 are the more stringent of the two sets of efficiency tables.
% For the purposes of determining compliance, DOE assesses a hw&epower rating according to the
provisions of 10 CFR 431.25(e).
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or ANEMA Design B electric motoro and what,
two terms. (NMMA, No. 54 at p. 14) DOE wunderstands t
el ectric motoro may refer to a variety of n
However, because there are no NEMA Design B motors that are not elgctiitven,

i n D OE otlee mtemtial for, ambiguity is minimaDOE clarifies that it is using the

term ANEMA Design B motor, o0 as is currently
DOE does not consider there to be any meaningful difference between the two terms and

notes that alinotors currently regulated under 10 CFR part 431, subpart B, are electric

motors.

DOE requests commeah whether the proposed standards help resolve the
potential issue on which it had previously issued clarification of whether a [IEC] motor

may be conslered to be subject to two standards.

2. Expanded Scope of Electric Motor Energy Conservation Standards
As referenced above, on August 15, 2012, the Motor Coalition petitioned DOE to
adopt the Coalitionbds consensusf oarg rteoednaeyndts, W
proposal®. The Motor Coalition petitioned DOE to simplify coverage to address a broad
array of electric motors with a few clearly identified exceptions. The Motor Coalition
advocated this approach to simplify manufacturer compliance andptdeoditate
DOEG6s enforcement efforts. The Petition high

result from expanding the scope of covered electric motors. (Motor Coalition, No 35 at

24 The Petition is available ahttp://www.regulations.gov/#!documentDetail: D=EERB10BT-STD-
00270035
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pp.230) Subsequent to DOEOGs prevéralothemary anal y:
interested parties submitted comments supporting the Petition. Those supporters

included: BBF and Associates, the Air Movement and Control Association International,

Inc., U.S. Senators Lisa Murkowski and Jeff Bingaman, the Hydraulic lestihe

Arkansas Economic Development and Commissitrergy Office, and the Power

Transmission Distributors Association.

The California InvestorOwned Utilities (CA 10Us), represented by the Pacific
Gas and Electric Company (PG&E), Southern California Gampany (SCGC), San
Diego Gas and Electric (SDG&E), and Southern California Edison (SCE) commented
that they supported the Petitionds intent to
majority of single speed, polyphase, and integral horsepower inductitors between 1
and 500 horsepower, as well as increasing energy conservation standards for some

covered products. (CA IOUs, No. 57 at p. 2)

The Air Movement and Control Association International, (AddVICA
International) endorsed the Petition. AM@#&ernational encouraged DOE to adtip

Petitionto save energy as soon as possible. (AMCA International, No. 59 at p. 1)

The CDA and BBF supported DOEOG6s prelimina
indicating that the Petition sets minimum efficiency levk# represent a challenge to
the industry and can have a great impact on U.S. energy use. (BBF & Associates, No. 51

at pp. 1, 2; CDA, No. 55 at p. 1) BBF also urged DOE to investigate energy conservation
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standards for motors over 500 horsepower becaesienprary indications suggest that as
much as 27 percent of total motor power consumed in the U.S. is from motors over 500

horsepower, and higher efficiencies can provide substantial savings. (BBF, No. 51 at p. 4)

EASA supported t hetionMasdetingth& viaihthebeso nds Pet i
interests of saving energy, Uu.S. jJjobs, and t
approach. EASA strongly encouraged the DOE to adopt the recommendations of the
Motor Coalition, citing large and economically fifi€d energy savings. (EASA, No. 47

atp. 1)

ACEEE commented on behalf of the Motor Coalition, stating that expanding the
scope of energy conservation standards and only excluding a small group of motor types
will enhance enforcement efforts by the gawaent, by simplifying the standards to only

include explicit exclusions. (ACEEE, Public Meeting Transcript, No. 60 at p. 19)

After reviewing the Petition, DOE is proposing to require electric motor types
beyond those currently covered (and discusseddtianl|V.A.1) to meet energy
conservation standards. DOEG6s proposed expan
recommended by the Motor Coalition in Retition (Motor Coalition, No. 35 at pp-3).
DOEG6s proposal would establish energy conser

exhibit all of the characteristics listedTiablelV .2, with a limited number of exceptions.
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Table IV .2 Characteristics of Motors Regulated Under Expanded Scope of
Coverage

Motor Characteristic

Is a singlespeed, induction motor,

Is rated for continuous duty (MG operation or for duty type S1 (IEC),

Contains a squirretage (MGL1) or cage (IEC) rotor,

Operates on polyphase alternating curreah@fz sinusoidal power,

Is rated for 600 voltsr less,

Is built with a 2, 4-, 6-, or 8pole configuration,

Is a NEMA Design A, B, or C motor (or IEC Design N or H)

Is built in a threedigit NEMA frame size or an enclosed-&&me (or any IEC
equivalent), and

Is rated from 1 to 500 horsepow(@rclusive)

In response to its preliminary analysis, DOE received several comments about the
characteristics that DOE should use to define the broad scope of electric motors
potentially subject to energy conservation standards. First, NEMA suggestBDihat
define motor types exhibiting the nine characteristics listdabielV.2. (NEMA, No.

54 at p. 32) NEMA also requested that DOE clarify the range of horsepower ratings
included and the scope of &#nd IEGframe motors covered. The Energy Advocates
(NPCC, NEEA, ACEEE, ASAP, Earthjustice, ASE) also suggested that DOE include

IEC-equivalents and NEMA 56ame sizes in the scope of coverage. (NPCC, No. 56 at

p. 2)

Additionally, DOE is proposing to clarify the design, construction, and
performance characteristics ofvaved electric motors. Specifically, DOE is proposing to
clarify that only motors rated from 1 to 500 horsepower (inclusive), or their IEC
equivalents, would be covered by the standar
Finally, with regard to IEGrame motors, DOE would not cover IEC motors on the

singular basis of frame size, but would consider covering such motors when they meet
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the criteria ofTablelV .2. In other words, an IE@ame motor would need to satisfy these

nine criteria for the proposed standards to apply.

In its submitted Petition, the Coalition requested that DOE cover all sspgked,
polyphase, 58rame induction motorgated abne horsepower ogreaterthat do not meet
the regul atory definition for Asmal.]l el ectri
definition applies to both singighase and polyphase opgame general purpose AC
induction motors built in a twdigit frame size. The proposal put forth by the Coalition
would expand energy conservation standards to polyphase, encleBathBénotors
rated at one or more horsepovaéosng withpolyphase, special and definfiarpose open
56-frame motors of brsgpower greaterthan or equal to one that are not covered by

DOEG6s small electric motor regul ations.

Regarding 58rame motorst 1-hp or greaterDOE isproposing standards for
polyphaseenclosed 56rame motorghat are ratedt 1-hp or greaterDOE is also
tentatively proposing SL 2for polyphaseppen56-frame special and definite purpose
motors that are rated athp or greateas advocated by the Motor CoalitioNith respect
to these motors (i.e. 5Bame, open, special and defingarpose), DOE seeks additional
data related to these motpnscluding, but not limited to the following categories: motor
efficiency distributions; shipment breakdowns between horsepower ratings, open and
enclosed motors, and between general and spedalefinite purpose electric motors;
and information regarding the typical applications that use these mibtbis proposal

is adopted in the final rule,@E will account for a substantial majority of-f&me
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motors that are not already regulated fiiciency standardand ensure coverage fait
general pgpose motorgalong with a substantial number of special and definite purpose

motors

Based orcurrently availablelata, DOEestimates thapproximately 270,000
polyphaseppen56-frame special ahdefinite purpose motors+{p or greater) were
shipped in 2011 and at least 70% of these motors have efficiency levels below NEMA
Premium? In addition, based ofhis data, DOE believes that establishing TSL 2 for
this subset of 5&ame motors wouldesult in national energy savings of 0.58 quads
(full-fuel-cycle) and net present value saving$dfl1 billion (2012$), with a 7 percent
discount raté® DOE has nomerged its data and analysefated to this subset of 56
frame motorwith the otheraay s es 1 n t Asdesgilied abdVOPEReeks

additional informatiorthat can be incorporated into its final analysis.

DOE notes thatreclosed 58rame motors with horsepower ratings below 1
horsepower would not, however, be covered as partoytéda pr oposal . DOE
proposing to cover 56ame size fractional motors because EPCA, as amended,
establishes energy conservation standards for electric motoefgpatrigreater and DOE

requires the use of different test procedures for motors abavieedow thp. In

% Shipments for these &@pen frame motors were estimated from data provided by the Motor Coalition.
DOE assumed 56ame open motors are distributed acrossl2 and 6 pole configurations and 1 to 5
horsepower ratings. With this assumptiDQE used the shipments distributions from ECG 1 motors
across these motor configurations and ratings to establish shipments data for-&pemeS@otors by

motor configuration and horsepower rating. Efficiency distributions were based on a limitedafurvey
electric motor models from six major manufacturer catalogs.

% DOE used the same NIA model and inputs described in sd¥tibinto estimate these values of NES

and NPV, but adjusted the shipments and efficiency distributions to match the data specific to-these 56
frame open motors.
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particul ar, DOEG6s regul ations prescribe, con
Institute of Electrical and Electronics Engineers (IEEE) Standard 112 (Test Method A) to

test motors rated belowHp, and IEEE Standard 112 (Tesétlod B) to test motor rated

at or above hp. To ensure consistent testing results, DOE requires application of the

same test procedure to all electric motors. Therefore, B@B&t proposing to regulate
enclosed6-frame size motorgted undef-hp.?” Thistentative decision, however, does

not foreclose the possibility that DOE may regulate the efficiency of these motors and

may change depending on the nature of the feedback provided by commenters with

respect to this issuBOE requests comment on tentative decision to not address

fractional horsepowegnclosedb6-frame motoras part of todayds propo

any relevant information and data

In view of TablelV .2, TablelV .3 lists the various electric motor types that would
be covered by DOEOGs pr op odefeitionsafq fhe nootorc h . Furth
types can be found in DOEOGSs electric motors

on June 26, 2013 (78 FR 38456).

2" DOE notes that general purpose, operirafne motors are already addressed by the standards for small
electric motors.
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Table 1V .3 Currently Unregulated Motor Types DOE Proposes to Coer

Electric Motor Type

NEMA Design A from 201 to 500 horsepower Electric motors with norstandard endshields or

flanges
Electric motors with moisture resistant windings | Electric motors with noistandard bases
Electric motors with sealed windings Electric motors with special shafts
Partial electric motors Vertical hollowshaft electric motors
Totally enclosed nowentilated (TENV) electric . . .
motors Electric motors with sleeve bearings
Immersible electric motors Electric motors with thrust beas
Integral brake electric motors Nonrintegral brake electric motors

I n view of DOEOGS pr oplabe/d DOPpippropasiogh descr i
to include certain motor types that some interested parties have suggested that DOE
continue to exclude from any energy efficiency requirements. For example, the Motor
Coalition would exclude integral brake motors from coverage, as DOE once did through
policy guidancesee62 FR 59978 (November 5, 1997), but which was subsequently
removed See77 FR 2663§May 4, 2012) (Motor Coalition, No. 35 at p. 3) SEW
Eurodrive also comented that there are two basic types of integral gearn{tjarne
that meets the defi nit iand(2)anotheD@Eng aspeciale | i mi n a
shaft or mounting configuration. SE¥®Uurodrive contended that the second type of
integral gearmatr would require replacement of the entire rotor shaft and rotor cage to

be tested. (SEWE, No. 53, p. 3)

In view of the foregoing, DOE continues to believe that consistent and repeatable
test procedures can be prescribed for integral brake motorgaingegrmotors, integral
partial motors, and partial % motors. See 78 FR 38a&6e 26, 2013 In particular,
DOE believes that an integral brake motor that meets the nine crit@idblialV .2,
could be readily tested and satisfy the proposed standards. In addition, DOE believes that

the definition for Apartial el @&xJunetest mot or O
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procedure NOPRuill clarify what types of items would meet these definitions, which

should help manufacturers determine whether the equipment they manufacture fall under

these terms. See 78 FR 38456 (June 26, 2618hermore, DOE believes that the type

of integral gearmotor addressby SEWEurodrive (i.e., with a special shaft or mounting
configuration) would Iikely satisfy DOEOGs pr
it would require more than the addition of end shieldsadoeharing to create an operable

motor. (Componensets woulchot be required to meet standardsuriderd ay 6 s pr oposa

ACEEE supported the Motor Coalitionds Pet
scope of covered motors to comply with the energy efficiency levels found in Table 12
12 of NEMA Standardsublication MG1-2011. According to ACEEE, such approach
could be easily accomplished by manufacturers and, at the same time, allow them to
refocus resources on designing and building the next generation of electric motor.
(ACEEE, Public Meeting Transcrigtlo. 60 at pp. 18, 19) UL agreed with the ACEEE
approach and suggested that DOE clarify the scope of coverage with a statement whereby
all electric motors are subject to standards, except for those specifically mentioned as
excluded. (UL, Public Meeting @nscript, No. 60 at pp. 60, 61) Finally, the California
Independently Owned Utilities (CA I0Us) submitted similar comments, suggesting that
DOE expand the scope of coverage and explicitly define those motor types excluded
from standards. The CA 10Us stredshat this approach would provide clarity both to
compliance and enforcement efforts by government agencies and manufacturers. (CA

IOUs, No. 57 at p. 1)
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After considering these comments, and further analyzing available relevant
information, DOE believethat a simplified approach to determining coverage would
help ensure consistency to the extent possible when applying the proposed standards
Therefore, in todayos nelectricmoter that DéxEthersne pr op o s i
characteristics in TabllV-3 would be covered and required to meet the applicable
energy conservation standards, eitherin NEMAMG Tabl e 127111 or 1271 12.
Additionally, DOE is proposing not to set standards at this time for the following motors:
component sets, liguidooled motors, submersible motors, and defipiigpose inverter
fed motors. DOE is not proposing to set standardth&sge motors in light of the
substantial difficulties and complexities that would be involved in testing these motors at
this time. In addition, DOE is proposing not to set standards at this time foxair
motors, but intends to address these typ@sators in a separate rulemaking.
Definitions for the motor types and additional details about these issues are addressed at

78 FR 38456 (June 26, 2013).

3. Advanced Electric Motors
Il n its preliminary analysis, DOE odaddresse
which included those listed ihablelV .4. While DOE recognized that such motors could
offer improved efficiency, regulating them would represesigaificant shift for DOE,
which has primarily focused on the efficiency of polyphase, sisged induction
motors. Seeking more information, DOE solicited public comments about these types of

motors and how they would be tested for energy efficiency.
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Table V.4 AdvancedElectric Motors

Motor Description

Inverter drives

Permanent magnet motors

Electrically commutated motors

Switchedreluctance motors

DOE received comments about advanced motors Wiamous interested parties.
NEMA asserted that, in certain applications, inverter drives, permamagret motors,
electronically commutated motors, and switcheldictance motors, could offer improved
efficiency. However, NEMA also noted that these motoay include technologies
where standard test procedures are still being developed, making it unable to comment.
(NEMA, No. 54 at pp. 149) DOE understands that a test procedure would be necessary
before it contemplates setting energy conservation stasdarthese types of motors.
Additionally, during the preliminary analysis public meeting, ACEEE commented that
advanced motor designs present the largest opportunity for future energy savings within
the motor marketplace and NEMA member manufactureralegady exploring the
standardssetting process for advanced motor designs in the NEMAIM@&ndards

publication. (ACEEE, Public Meeting Transcript, No. 60 at p. 19)

Other interested parties submitted comments regarding the efficiency of
Aadvanoedsmet ems 0 a n-drivensysteng.eDanfossadmmented t o r
that system efficiency improvements would provide significant energy savings, and cited
variable frequency drives (VFDs) as an example of a way to improve system efficiency.
VFDs, or inveter drives, are external components used in radrigen systems to

control motor speed and torque by varying motor input frequency and voltage Danfoss
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elaborated that VFDs could save 20 to 30 percent of the etherigtypical, norvVFD-
motorsconsume ath urged that DOE consider this approach, instead of seeking minimal
energy conservation improvements in aciibgsline start polyphase electric motdfs.
(Danfoss, Public Meeting Transcript, No. 60 at pp231174, 175) UL submitted

similar comments dung the preliminary analysis public meeting, indicating that DOE
and the industry should focus on improving systewel efficiency. UL added that if a
motor is not properly matched to its load then the system efficiency could be 20 or 30
percent less effient than possible. (UL, Public Meeting Transcript, No. 60 at pp. 69, 70)
BBF and the CDA commented that the overall evaluation of system efficiency is very
important, and the evaluation of VFDs and the motor system represents many major

opportunities foimproved efficiency. (BBF, No. 51, p. 4; CDA, No. 55, p. 2)

DOE understands the concerns from interested parties regarding advanced motor
efficiency and its connection with the possible regulation of advanced electric motors. At
this time, however, DOE Bachosen not to regulate advanced motors and knows of no
established definitions or test procedures that coultpbied to themBecause DOE
agrees that significant energy savings may be possible for some advanced motors, DOE
plans to keep abreast of clyges to these technologies and their use within industry, and
may consider regulating them in the future. DOE invites comment on the topic of
advanced motors, including any related definitions or test proceithatas should

consider applyingas partbfoday 6 s . ul emaki ng

Brorthisr ul emaki gl i ilacsbasto indicates the electric mot ¢
alternating current (AC) sinusoidal power, without any devices or controllers manipulating the power
signal fed to the motor.
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4. Equipment Class Groups and Equipment Classes
When DOE prescribes or amends an energy conservation standard for a type (or
class) of covered equipment, it considers (1) the type of energy used; (2) the capacity of
the equipment; or (3) any other performanekated feature that justifies different
standard levels, such as features affecting consumer utility. (42 U.S.C. 62BG5é)d
the large number of characteristics involved in electric motor design, DOE has used two
constructs to help develop its energy conservation standards proposals far electri
mot or s: Aequi pment class groupso and fAequip
represents a unique combination of motor characteristics for which DOE is proposing a
specific energy conservation standard. There are 580 potential equipmenttbizisses
corsist of all permutations of electric motor design types (i.e., NEMA Design A & B,
NEMA Design C, fire pump electric motor, or brake electric motor), standard horsepower
ratings (i.e., standard ratings from 1 to 500 horsepower), pole configurations (4e., 2
6-, or 8pole), and enclosure types (i.e., open or enclosed). An equipment class group is a
collection of equipment classes that share a common design type. For example, given a
combination of motor design type, horsepower rating,-poldiguration and enclosure
type, the motords design type dictates its e

the remaining characteristics dictates its specific equipment®lass.

In the preliminary analysis, DOE divided electric motors into three growgesiba

on two main characteristics: NEMA (or IEC) design letter and whether the motor met the

2 At its core, the equipment classncept, which is being applied only as a structural tool for purposes of

this rulemaking, is equivalent to a fibasic model . 0 S
bet ween these concepts is that a febradssi ce gmoidpenheon tp ecrltaasi
Each equipment class for a given manufacturer would comprise a basic model for that manufacturer.
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definition of a fire pump electric motor. For the NOPR, DOE is keeping these three
groups and adding a fourth equipment class group for electric motors with brakes
(integralandnom nt egr al ). DOEG6s four resulting
Design A and B motors (ECG 1), NEMA Design C motors (ECG 2), fire pump electric
motors (ECG 3), and electric motors with brakes (ECG 4). Within each of these groups,
DOE woud use combinations of other pertinent motor characteristics to enumerate
individual equipment classego illustrate the differences between the two terms,
consider the followingxample. A NEMA Design B, 50 horsepower, tpole enclosed
electric motor ad a NEMA Design B, 100 horsepower, figle open electric motor

would be in the same equipment class group (ECG 1), but each would represent a unique
equipment class that will ultimately have its own efficiency standablelV .5 outlines

the relationships between equipment class groups and the characteristics used to define

equipment classes.

Table V.5 Electric Motor Equipment Class Groups for the NOPR Analysis
Equipment Electric Motor Design | Horsepower Poles Enclosure
Class Group
. Open
1 NEMA Design A & B* 1-500 2,4,6,8
Enclosed
Open
2 NEMA Design C* 1-200 46,8 P
Enclosed
3 Fire Pump* 1-500 2,4,6,8 Open
P s Enclosed
4 Brake Motors* 1-30 4,6,8 Open
Enclosed

*Including IEC equivalents.

NE MA

submitted

mul tiple

comment s

equipment classeBirst, NEMA argued that such expansive groups could make it
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difficult to properly determine efficiency standards, particularly given the large
expansion of scope being contemplated by DOE. (NEMA, No. 54 at p. 40) NEMA
recommended t hatsoiftohre O&teelrent toreiqeu i nporteonrt cl as s

electric motors which are of the polyphasesquitrelge i nducti on type. o

AAn 6éequi pment class group6 can be define
6el ectri c mot o rsdiof bommmadnchgracterispcs, suchi as NEMA r
Design A and B electric motors or NEMA Design C electric motors, or fire pump
electric motors. Each o6equi pment <c¢class gr
6ratingd where 6rating@Mlli2pflaGFRIPart i s pr ese
431]. When appropriate, an AEDM [alternative efficiency determination method]
can then be substantiated for the compl et

squirretcage induction electric motors as is permitted and done today.

Additionally, NEMA suggested that DOE separatdridme motors from Frame

motors during the analysis because any proposed increase in efficiency standards for the
low volume production of Wrame motorswould likely result in a reduction in the
availabilty of U-frame motors, which they assert, is not permitted under 42 U.S.C.
6295(0)(4).(NEMA, No. 54 at pp. 20, 26)Citing the high cost of redesigning these
motors relative to the potential savings, tetor Coalition predicted manufacturers
would exit he Uframe market leaving only one or two manufacturers. (Motor Coalition,
No. 35 at p. 13NEMA also stated that the demand for this type of motor has been

decl i ning si necframetmoters Hae 6d ldeen inaluded inUhe NEMA MG
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1 standard sire U-frame motors were replaced byfifme motors as the NEMA
standard in the 1960s. (NEMA, No. 54 at pp. 19, 20) NEMA added that the challenge
created by substituting a-fdame motor with a frame motor must be accounted for in

the manufacturer and nat@nmpact analyses.

EISA 2007 prescribed energy conservation standards for electric motors built with
a U-frame, whereas previously only electric motors built withfsafme were coveret.
(Compare 42 U.S.C. 6311(13)(A)(1992) with 42 U.S.C. 6311(13)(B)}(pAn general,
for the same combination of horsepower rating and pole configuration, an electric motor
built in a Uframe is built with a larger "D" dimension than an electric motor builtina T
frameThe #ADO di mensi on i s aronmbkexentenineof¢that of t he
shatft to the bottom of the mounting fe€bnsequently, Hrame motors should be able to
reach efficiencies as high, or higher, thafrdme motors with similar ratings (i.e.,
horsepower, poleonfiguration, and enclosurbgcausehe larger frame size allows for
more active materials, such as copper wiring and electrical steel, which help f&uce |
(i.e., losses arising from the resistivity of the cureantrying materigland core losses
(losses that result from magnetic fislgbility changes)urthermorelJ-frame motors
do not have any unique utility relative to comparableame motorsin general, a T
frame design could replace an equivalertdime design with minor modification of the
mounting configuration for the dn equipmentBy comparison, a Yrame design that

is equivalent to a-frame design could require substantial modification to the mounting

e di me

¥The tefrmamddafammedTrefer to | ines offamfmotarme si z
n gener
a

i
having a smaller frame size for thar@ahorsepower rating as a comparable  a me mot or . I
frame became the preferred motor design around 1964 because it provided more horsepower output in
smaller package.
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configuration for the same piece of driven equipment because of its largdd §)2€.0 s
research indicated that maaafurers sell conversion brackets for installinffdme

motors into applications where afthme motor had previously been uséd.

Regar di ng NEMA 6 sframeomotore wilt become unatadabte U
DOE does not separate these motors freframe motors when developing efficiency
standards DOE wunderstands NEMAOGS concerns regard
U-frame motors and the potential for them to disappe¢ewever, DOE believes that
sud an occurrence would not be the result of an efficiency standard that is
technologically infeasible for frame motors, but becauseftdme motors offer no
unigue utility relative to firame motors. Furthermore, DOE believes that the proposed
standards & unlikely to result in the unavailability of-tdame motors. Based on catalog
data from several large electric motor manufacturers, DOE observed that 70 percent of
currently available frame models meet the proposed standard (TSW&h much of
the Uframe market already at the proposed standard, DOE sees no technicaihaason

U-frame manufacturers would not be able to comply with TSL 2.

DOE also notes that under 42 U.S.C. 6295(0)(4), EPCA proscribes the
promulgation of standards thatwouldresulh t he Aunavailability in
any covered product type (or class) of performance characteristics (including reliability),
features, sizes, capacities, and volumes that are substantially the same as those generally
available in the UnitedtSat es at the ti me of the Secretary

not require the continued protection of particular classes or types of produat this

31 see, for exampléttp://www.overlyhautz.com/adaptomounts1.html
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case, electric motoiisf the same utility continues to be available for the consumers who
are prchasing the given produ@onsequentlybased on available informatioDOE

has not separated-ftame motors into a unique equipment class gr@pE welcomes

any additional data relevant to this finding, including data that would suggest the need for
an alternate approaclDOE also requests additional information from manufactuwers
whether covering Hrame motors would cause them to be unavailable in the U.S. and
whether Uframe motors have any particuf@@rformance characteristics, features, sizes

capacitiespr volumes.

Finally, NEMA questioned DOE's use of the term "equipment class" to describe a
combination of horsepower rating, pole configuration, and enclosure type instead of

using the term "rating,” which is defined in 10 CFR 431.12, gsopshe definition of a

Abasic model .o (NEMA, No. 54 at p. 25) NEMA

because of proposals regarding certification, alternative efficiency determination methods

(AEDMSs), and enforcement in a separate rulemakingchvare all centered around

"equi pment classes. " ( NEMA, No. 54 at p. 25)
this rulemaking has the adverse impact of requiring substantiation of an AEDM

separately for every rating for which it is to be used and woulditaiesa significant

increase in compliance burden. (NEMA, No. 54
concerns regarding the potential of undue compliance burden. DOE notes that it has not
proposed a regulatory def i nbsmdretyacohsbuct t he t er
for use in the various analyses in todayoés r

described in this rulemaking should not be misconstrued as having any regulatory
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meaning as it relates to t helenbkirfgiDOEISET 0n

continuing to use the terminology as described in the preliminary analysis and above
DOE intends to address NEMAOGsS concerns
a separate rulemakirtgat will address compliance, certificatiand enforcementelated

issues

a. Electric Motor Design Letter

The first criterion that DOE considered when disaggregating equipment class
groups was based on the NEMA (and IEC) design léttexr NEMA Standards
PublicatonMG1 1 2011, " Mot o r"slefirenadseri€seohstamdard edectrsc
motor designs that are differentiated by variations in performance requireiftezrge
designs are designated by letteDesigns A, B, and GQSee NEMAMG1 1 2011,
paragraph 1.19.1). These designs are categorgzpdrfiormance requirements for full

voltage starting and developing lockestor torque, breakdown torque, and locketbr

of 1

regar

current, all of which affectDORBS pr@bsmgtd ri ¢ mot

regulate the efficiency of each of tleedesign types

The primary difference between a NEMA Design A and NEMA Design B electric

motor is that they have different lockeator current requirementslEMA Design B
motors must not exceed the applicable loekwdr current level specified in NEMMG
1172011, paragraph 12.35. 1. NEMA Design
maximum lockeerotor current limit. In most applications, NEMA Design B motors are

generally preferred because lockedor current is constrained to established ingustr
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standards, making it easier to select suitable ngitoting devices. However, certain
applications have special load torque or inertia requirements, which result in a design
with high lockedrotor current (NEMA Design A). When selecting starting devioe

NEMA Design A motors, extra care must be taken in properly sizing electrical protective
devices to avoid nuisance tripping during motor starfine. distinction between NEMA
Design A and NEMA Design B motors is important to users who are sensitighto
lockedrotor current; however, both NEMA Design A and Design B motors have
identical performance requirements in all other metrics, which indicates that they offer
similar levels and types of utilitysiven these similarities, DOE is proposing tougyo

these motors together into a single equipment class grouping for the purposes of this

rulemaking.

In contrast, DOE believes that the different torque requirements for NEMA
Design C electric motors represent a change in utility that can affexncy
performanceNEMA Design C motors are characterized by high starting torques.
Applications that are hard to start, such as heavily loaded conveyors and rock crushers,
require this higher starting torque. The difference in torque requiremehtsstiiict
which applications can use which NEMA Design typgesa result, NEMA Design C
motors cannot always be replaced with NEMA Design A or B motors, or vice versa
Therefore, as in the preliminary analysis, DOE has analyzed NEMA Design C motors in

anequipment class group separate from NEMA Design A and B motors.
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Il n chapter two, AnAAnalytical Framewor k, 0 o
document, DOE noted numerous instances where manufacturers were marketing electric
motors rated greater than 280rsepower as NEMA Design C moto¥OE understands
that NEMAMG11 2011 specifies Design C performance
17 200 h-psixd amnd eigbfpwle configurations- a motor rated above 200 hp or
using a twepole configuration wad not meet the Design C specificatioROE
requested public comment about whether motors that are-plateel as NEMA Design
C, but thafall outside the ratings for which NEMA Design C is defined, can be
considered to be NEMA Design C motadrsits conments, NEMA asserted it did not
support marking a motor as NEMA Design C where no standard exists fpote/o
designs, or four six- or eightpole motors over 200 horsepowREMA recommended
that any such improperly marked motor be examined for detatimmof its proper
Design letter relative to the applicable standards in NEMAMREuUrthermore, NEMA
recommended that DOE not include efficiency standards for motors of any design type

for which NEMA or IEC standards do not exist. (NEMA, No. 54 at p. 19)

DOE understands that without established performance standards that form the
basis for a twgpole NEMA Design C motor or a NEMA Design C motor with a
horsepower rating above 200, motors labeled as such would not meet the proposed
regulatory definitiond r A NEMA Desi gn C (Juoet26 P013POF 8 FR 384
considers motors at these ratings to be improperly labeled if they areptetett as
NEMA Design C. Mislabeled NEMA Design C motphoweverare still subject to

energy conservation standardshiéy meet thelefinitions andperformance standards for
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a regulated motdr e.g.NEMA Design A or B And since these motseithemeed to

meet the same efficiency levelswould be required by customers to meet specific
performance criteria expected ofji@en design letter (i.e. Design A, B, or, ©OE does

not foresee at this time any incentive that would encourage a manufacturer to identify a
Design A or B motor as a Design C motor for standards compliance purpies.
understands, however, that NEM)esign C motors as a whole constitute an extremely
small percentage of motor shipmeént¢ess than two percent of shipmehtsovered by

this rulemaking, which would appear to create an unlikely risk that mislabebtgysas

NEMA Design C will be used asiavenue to circumvent standarNevertheless, DOE

will monitor the potential presence of such motors and may reconsider standards for them

provided such practice becomes prevalent.

b. Fire Pump Electric Motors

In addition to considering the NEMA design &when establishing equipment
class groups, DOE considered whether an electric motor is a fire pump electric motor
EISA 2007 prescribed energy conservation standards for fire pump electric motors (42
U.S.C. § 6313(b)(2)(B)) andubsequently, DOE adoptad def i ni ti on for the
pump electric motor, o0 which incorporated por
Association Standard (NFPA) 20, AStandard f o
Fire Pr ot elkursuanttodNFRA2@ 4 fide)pumieetric motor must comply
with NEMA Design B performance standards and must continue to run in spite of any
risk of damage stemming from overheating or continuous operation. The additional

requirements for a fire pump electric motor constitutes a changgiinthat DOE
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believes could also affect its performance and efficiency. Therefore, DOE established a

separate equipment class group for such motors in the preliminary analysis to account for

the special utility offered by these motors. Inits commentsiNEMA agr eed wi th D
decision to separate fire pump electrical motors as a separate equipment class group.

(NEMA, No. 54 at p. 20) Consequently, DOE is proposing to continue using a separate

equipment class group for fire pump electric motors.

c. Brake Mbtors
I n its NOPR anal yses, DOE considered whet
include an integral brake electric motor or a-mutegral brake electric motor
(col l ecti vel ylnthefiestipracedre NOPR,ADOE grgposed definitions
bothfor integral and nomntegral brake electric motarg8 FR 3845@June 26, 2013)
Both of these electric motor types are contained in one equipment class group as separate
from the equipment class groups established for NEMA Design A and B motors, NEMA

Desggn C motors, and fire pump electric motors

DOE understands that brake motors contain multiple features that can affect both
utility and efficiency In most applications, electric motors are not required to stop
immediately Instead, electric motors tigally slow down and gradually stop after power
is removed from the motor due to a buildup of friction and windage from the internal
components of the motaddowever, some applications require electric motors to stop
quickly. Such motors may employ a brat@mponent that, when engaged, abruptly slows

or stops shaft rotation. The brake component attaches to one end of the motor and
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surrounds a section of the motords shaft. Du
is disengaged fdiom héet met ordscbadaafbor inter
operation However, under normal operating conditions, the brake is drawing power from

the electric motordés power source and may al
because the brake is an additiomatrat i ng component on the motor
is removed from the electric motor (and therefore the brake component), the brake

component denergizes and engages the motor shaft, quickly slowing or stopping

rotation of the rotor and shaft componelscause of these utility related features that

affect efficiency, DOE has preliminarily established a separate equipment class group for

electric motors with an integral or namtegral brake.

d. Horsepower Rating

In its preliminary analysis, DOE considered three criteria when differentiating
equipment classes. The first criterion was horsepower, a critical performance attribute of
an electric motothatis directly related to the capacity of an electric motor téope
useful work andhatgenerally scales with efficienclfor example, a 5@orsepower
electric motor would generally be considered more efficient thanheds&power
electric motorIn view of the direct correlation between horsepower and efficidDO¥,
preliminarily used horsepower rating as a criterion for distinguishing equipment classes
in the framework document and contidweith that approach for the preliminary

analysis.
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NEMA agreed with DOEOGs view thatat hor sepow
must be considered when evaluating efficiency and urged that thie$balglished and
wor kabl e concept not be abandoned. (NEMA, NoO

continues to use horsepower as an equipmentgissg criterion.

e. Pole Configiration
The number of poles in an induction motor determines the synchronous speed
(i.e., revolutions per minute) of that mat@here is an inverse relationship between the
number of pol es.Asathethunger ofpdles incdeasessirpne tevddir
to six to eight, the synchronous speed drops from 3,600 to 1,800 to 1,200 to 900
revolutions per minute, respectively addition, manufacturer comments and
independent analysis performed on behalf of DOE indicate that the number of poles has a
drect I mpact on the electric motords perfor me
some pole configurations utilize the space inside of an electric motor enclosure more
efficiently than other pole configurations. DOE used the number of poles as a means of

differentiating equipment classes in the preliminary analysis.

In response to the preliminary analysis, NEMA agreed that the number of poles of
an electric motorhasimpaa mot or 6s achievable efficiency
decision to take this charagsgic into consideration. (NEMA, No. 54 atp.41n t oday 6 s
proposal, DOE continues to use potenfiguration as an equipment classiting

criterion.
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f. Enclosure Type

EISA 2007 prescribes separate energy conservation standards for open and
enclosed eleat motors (42 U.S.C. 6313(b)(1)) Electric motors manufactured with
open construction allow a free interchange o
exterior. Electric motors with enclosed construction have no direct air interchange
betweente mot or 6s i nterior and <digh)admaylbe ( but ar
equipped with an internal fan for cooling (see NEMANIG 2011, paragraph 1.
Whether an electric motor is open or enclosed affects its ptj#gn motors are
generally noused in harsh operating environments, whereas totally enclosed electric
motors oftenarecT he encl osure type also affects an el
heat, which directly affects efficienc)k or t hese reasons, DOE wused
encbsure type (open or enclosed) as an equipment class setting criterion in the

preliminary analysis.

NEMA acknowledged in its comments that the enclosure type is an important
characteristic that affects the achievable efficiency for any particular elecitos.
NEMA added that it may become necessary to consider separate groups for various
enclosures as DOE continues to expand the scope of electric motors subject to energy
conservation standards, but did not make any specific suggestions regarding which

erclosures could be considered separately. (NEMA, No. 54 at p. 42)

At this time, DOE is continuing to use separate equipment class groups for open

and enclosed electric motors but is declining to further break out separate equipment
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classes for differertiypes of open or enclosed enclosures because DOE does not have

data supporting such separation.

g. Other Motor Characteristics

In the preliminary analysis, DOE addressed various other motor characteristics,
but did not use them to disaggregate equipmensetda the preliminary analysis TSD,
DOE provided its rationale for not disaggregating equipment classes for vertical electric
motors, electric motors with thrust or sleeve bearings, @ospled pump motors, or by
rated voltage or mounting fe®OE beleves that none of these electric motor
characteristics provide any special utility that would impact efficiency and justify

separate equipment classes.

In response to the preliminary analysis, DOE received comments about how it
should treat other motoharacteristicsNEMA agr eed with DOEOGs deci s
motors, motors with thrust or sleeve bearings, and -@oapled pump motors do not
merit separate equipment classes. (NEMA, No. 54 at p. 20) With no comments
suggesting that DOE use any ondha alternative characteristics as a criterion for

equipment class, DOE is using the approach it laid out in its preliminary analysis.

DOE also requests additional information from manufactuenshether
covering any of these technology options wawduce consumer utility or performance
or cause any of the covered electric motors to be unavailable in the U.S. and whether U

frame motors have any particularformance characteristics, featyrgges, capacities,
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or volumes. In particular, DOE requests any information or détese technology
options wouldead to increasds the size of thenotors such that it would no longer
work in a particular space constricted applicationgddoreassin powerthereby
affecting theirusability of these motoy®r to changes in any other characteristics that

would affect the performance or utility of the motor.

5. Technology Assessment
The technology assessment provides information about existingotegly
options and designs used to construct more ereffggyent electric motors. Electric
motors have four main types of losses that can be reduced to improve effidessns
due to the resistance of conductive materials (stator and fBttwdse} core losses,
friction and windage losses, and stray load lasEbsse losses are interrelated such that
measures taken to reduce one type of loss can result in an increase in another type of
losses. In consultation with interested parties, DOE idedtgeveral technology options
that could be used to reduce such losses and improve motor efficiency. These technology

options are presented TrablelV .6. (Seechapter 3 of the TSD for details).
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TablelV.6 Technology Options to Increase Electric Motor Efficiency

Type of Loss to Reduce Technology Option

Increase crossectional area afopper in stator slots

Stator fR Losses
Decrease the length of coil extensions

Use a diecast copper rotor cage

Rotor PR Losses Increase crossectional area of rotor conductor bars

Increase crossectional area of end rings

Use electrical steédminations with lower losses (watts/Ib)

Core Losses Use thinner steel laminations

Increase stack length (i.e., add electrical steel laminations)

Friction and Windage Optimize bearing and lubrication selection

Losses

Improve cooling system design

Reduce skew on rotor cage

StrayLoadLosses
Improve rotor bar insulation

In response to the preliminary analysis, DOE received multiple comments about

these options.

At the preliminary analysis public meeting, NEMA requested clarification on
what was meant by the technology option
(NEMA, Public Meeting Transcript, No. 60 at p. 158) NEMA commented on the option
of increasinglie cross sectional area of the stator windings and clarified that this is one
way to decrease stator resistance, but not necessarily a separate technology option.
(NEMA, No. 54 at p. 44)NEMA alsoclarified that reducing rotor resistance through a
changen volume is synonymous with an increase in rotor slot size, uD@&sintends

to include variationg the volume of the end rings. (NEMA, No. 54 at p. 45)

87

St



NEMA al so noted that chapter 3 of DOEOGS p
option of increasinghe flux density in the air gap, while chapter 4 did. (NEMA, No. 54
at p. 46)NEMA added that the air gap flux density is not a design option that can be
independently adjusted and that for a given core length the only option available for
changing the aigap flux density is to change the number of effective turns in the stator
winding. (NEMA, No. 54 at pp. 62, 63yEMA also commented on the limitations
associated with reducing a motoros air gap b
the motor is sl functional and that the air gap is not so small such that the rotor and

stator may strike each other during operatiiNEMA, No. 54 at pp. 4415)

Lastly, during the preliminary analysis public meeting, Danémgsmented that
the term Atechnology optionso is a bit misle
must be made in order to maintain motor performance (other than efficiency). (Danfoss,

Public Meeting Transcript, No. 60 at pp. 98, 99)

Regardingthe equest ed cl arifications, DOE notes
rotor insulationo refers to incragemasd ng the r
the rotor laminations. Manufacturers use different methods to insulate rotor cages, such
as applyiig an insulating coating on the rotor slot prior to-cisting or heating and
quenching® the rotorto separate rotor bars from rotor laminations aftercdigting. DOE
has updated the discussion in the TSD chapter to clarify that there are multiple ways to

implement this technology option

32 Quenching is rapid cooling, generally by immersion in a fluid instead of allowing the rotor temperature
to equalize to ambient
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DOE agrees with NEMA that increasing the cresstional area of copper in the
stator is synonymous with reducing the stator resistance, and has updated the discussion
in TSD chapter 3 for clarity. Furthermore, DOE agavith NEMA that increasing rotor
slot size is a technique that reduces rotor resistivity. DOE also considered other
techniques to reduce rotor resistivity such as increasing the volume of the rotor end rings
and using diecast copper rotors. For the sakeclarity, DOE has replaced the technology
option fAireduce rotor resistanceo in the TSD
DOE considered in its analysis: increasing the esessional area of the rotor conductor
bars, increasing the cresectonal area of the end rings, and using addist copper rotor

cage.

With regard to increasing the flux density in the air gap, DOE consulted with its
subject matter expert and acknowledges that this approach is not necessarily an
independently adjustadldesign parameter used to increase motor efficiency and has
removed it from its discussion in chapters 3 and 4 of the. D&IE notes that it
understands that the technology options that it discusses do have limits, both practical
limits in terms of manufeturing and design limits in terms of their effectiveness. DOE
also understands that a manufacturer must balance any options to improve efficiency

against the possible impacts on the performance attributes of its motor designs.
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a. Decrease the Length of C&iktensions

One method of reducing resistance losses in the stator is decreasing the length of
the coil extensions at the end turns. Reducing the length of copper wire outside the stator
slots not only reduces the resistive losses, but also reduces #raheaist of the electric

motor because less copper is being used.

NEMA submitted comments acknowledging decreased coil extension as an option
to increase efficiency, but did not see the practicabM&MA asserted that decreasing
the length of a coikxtension has been a common industry practice for over 50 years and
it would be difficult to achieve any further reductions in motor losses under this option.
NEMA added that any design changes that would decrease the length of a coil extension
must be carfully considered to ensure that the coil heads meet all applicable creep and

strike distance requirements(NEMA, No. 54 at p. 57)

DOE understands that there may be limited efficiency gains, if any, for most
electric motors using this technology opti@OE also understands that electric motors
have been produced for many decades and that many manufacturers have improved their
production techniques to the point where certain design parameters may already be fully
optimized However, DOE maintains thditis is a design parameter that affects efficiency

and should be considered when designing an electric motor.

33 Creep distance is the shortest pagiween two conductive parts. An adequatep distance protects
against tracking, a press that can lead to insulation deterioration and eventual short Btrikie
distance is the shortest distance through air from one conductor to another conductor or to ground
Adequate strike distance is required to prewadttrical dischargbetween two conductors or between
conductors and ground.
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b. Increase CrosSectional Area of Rotor Conductor Bars

Increasing the crossectional area of the rotor bars, by changing the €ross
sectional geowtry of the rotor, can improve motor efficiency. Increasing the €ross
sectional area of the rotor bars reduces the resistance and thus lowdddbkeds
However, changing the shape of the rotor bars may affect the size of the end rings and

can also cange the torque characteristics of the motor.

NEMA acknowledged that increasing the crgsstional area of rotor bars is an
option to increase efficiency, but doubted whether any additional reductions in motor
losses were possible by using this methdter 50 years of increasing efficiency through
this technique, NEMA questioned whether manufacturers could further increase the
crosssectional area of the rotor bars, adding that the increase in rotor current cannot
exceed the square of the decreas@eavrotor resistance in order for the rotor losses to
decrease. NEMA added that any design changes using this option must be carefully
considered to ensure that the motor will meet the applicable NEMA M&formance
requirements (i.e., stall time, tempeena rise, overspeed) and, for certain applications,
any other industry standards (i.e., IEEE ¥}io maintain the same level of utility.

(NEMA, No. 54 at pp. 57, 58)

DOE recognizes that increasing the crssstional area of a conductor rotor bar

may Veld limited efficiency gains for most electric motorowever, DOE maintains

% |EEE 8412 0 0 EEEE Standard for Petroleum and Chemical IndusBnemiumEfficiency, Severe

Duty, Totally Enclosed Fafooled (TEFC) Squirrel Cage Induction Motekdp to and Including 370 kW
(500 hp) © identifies the recommended practice- for
cage induction motors.
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that this is a design parameter that affects efficiency and must be considered when
designing an electric motor. Additionally, when creating its software models, DOE
consideredotor slot design, including cross sectional areas, such that any software model
produced was designed to meet the appropriate NEMA performance requirements for

torque and lockedbtor current.

c. Increase CrosSectional Area of End Rings

End rings aré¢he components of a squirehge rotor that create electrical
connections between the rotor bdngreasing the crossectional area of the end rings
reduces the resistance and thus lowers’Réoksses in the end rings. A reductionR |
losses will @cur only when any proportional increase in current as a result of an increase
in the size of the end ring is less than the square of the proportional reduction in the end

ring resistance

NEMA commented that increasing the end ring size increases thevett,
and consideration must be given to the effects a heavier end ring will have on the life of
the rotor. NEMA added that any design changes using this option must be carefully
considered to ensure that the applicable design requirements are nme¢aded utility

retained. (NEMA, No. 54 at p. 58)
When developing its software models, DOE relied on the expertise of its subject

matter expert. Generally, increases to end ring area were limited20%0Qare unlikely

to have significant impasbn themechanical aspects of the rotor. Furthermore, DOE
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ensured that the appropriate NEMA performance requirements for torque and locked

rotor current were maintained with its software modeled motors.

d. Increase the Number of Stator Slots

Increasing the numbef stator slots associated with a given motor design can, in
some cases, improve motor efficiency. Similar to increasing the amount of copper wire in
a particular slot, increasing the number of slots may in soms pasait the
manufacturer to incorporateore copper into the stator slothis option would decrease
the losses in the windings, but can also affect motor performance. Torque, speed and

current can vary depending on the combination of stator and rotor slots used.

NEMA indicated that increasinfpe number of slots to allow the motor design
engineer to incorporate additional copper into the stator slots is contrary to any practical
analysis. NEMA elaborated that the stator core holds the stator winding in the slots and
carries the magnetic fluxiithe electrical steefs stator slots increase, insulating
material will increase, reducing the total amount of csesgional area for stator
winding. Additionally, too large of an increase in the number of stator slots may make it
impractical to windhe stator on automated equipment and the same may be true for a
low number of stator slots. NEMA also commented that while it agrees with DOE that
the number of stator slots can affect motor torque and efficiency, there is a relationship
between the numbef rotor slots and stator slots, and the combination of the two can
have significant effects on starting torque, sound levels, and stray load losses. NEMA

concluded that all of these effects must be considered to ensure the practicability of
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manufacturig the affected motor©ther factors NEMA noted included winding and
potential sound levelsall of which could impact utility along with health and safety

concerns(NEMA, No. 54 at p. 61)

With respect to stator slot numbeBOE understands that a motoanufacturer
woul d not add stator slots without any appre
performance. DOE also understands that there is an optimum combination of stator and
rotor slots for any particular frame size and horsepower combination.co@tlted
with its subject matter expert and understands that optimum stator and rotor slot
combinations have been determined by manufacturers and are in use on existing
production |ines. o0 Consequently, DOE has ren

4 of the TSD.

e. Electrical Steel with Lower Losses

Losses generated in the electrical steel in the core of an induction motor can be
significant and are classified as either hysteresis or eddy current ldgseesis losses
are caused by magnetic domaiasisting reorientation to the alternating magnetic field.
Eddy currents are physical currents that are induced in the steel laminations by the
magnetic flux produced by the current in the windings. Both of these losses generate heat

in the electrical stl.

In studying the techniques used to reduce steel losses, DOE considered two types

of materi al s conventional silicon steel s, a
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high percentage of boron or cobalt. Conventional steels are commonly usectric el
motors manufactured todajhere are three types of steel that DOE considers
iconveat i-mednriagnetic laminations, fully processed fwiented electrical

steel, and senprocessed nenoriented electrical steel.

One way to reduce colesses is to incorporate a higher grade of core steel into
the electric motor desigme (g, switching from an M56 to an M1§ade). In general,
higher grades of electrical steel exhibit lower core losses. Lower core losses can be
achieved by adding silicaand other elements to the steel, thereby increasing its
electrical resistivity. Lower core losses can also be achieved by subjecting the steel to

special heat treatments during processing.

The exotic steels are not generally manufactured for use spdigiin the electric
motors covered in this rulemaking. These steels include vanadium permendur and other
alloyed steels containing a high percentage of boron or cobalt. These steels offer a lower
loss level than the best electrical steels, but are mxpensive per pound. In addition,
these steels can present manufacturing challenges because they come in nonstandard

thicknesses that are difficult to manufacture.

NEMA and Bal dor submitted multiple commen
during the prelimiary analysis regarding the use of Epstein testing to determine an
electrical steel grade that would improve the efficiency of an electric motor. (NEMA, No.

54 at pp. 2423, 62; NEMA, Public Meeting Transcript, No. 60 at pp. 100, 102, 103) The
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grading of éctrical steel is made through a standardized test known worldwide as the
Epstein Test This test provides a standardized method of measuring the core losses of
different types of electrical steels. NEMA commented that relying solely on Epstein test
resuts to select grades of steel could result in a motor designer inadvertently selecting a
steel grade that performs poorly in a motor design. NEMA supplied data on two different
samples of steel supplied by different manufacturers, but consisting of thestzeh

grade. The data illustrated how the lower loss steel (as determined by Epstein test results)
resulted in a less efficient motor when used in a prototype. NEMA noted that this

situation poses a problem for computer software modeling because athaddel

represents only the general class of electrical steel and not the steel source (manufacturer)
would not be able to calculate the difference in the results between the supposedly

equivalent grades of steels from separate manufacturers.

DOE clarifiesthat its computer software did not model general classes of
electrical steel, but instead modeledverslgg e ci f i ¢ el ectri cal steel
utilized core loss vs. flux density curves supplied by an electrical steel vendor as one
component of the cerloss calculated by the program. A second component was also
added to account for high frequency losf#©® E agr ees with NEMAGs <cl a
performance derived from Epstein testing might not be indicative of relative performance
in actual motor mtotypes. DOE did not solely rely on relative steel grade when selecting
electrical steels for its designs. To illustrate this point, DOE notes that almost all of its

software modeled designs utilized M36 grade steel, even though it was not the highest

% ASTM Standard\343 / A343M, 2003 (208), fiStandard Test Method for Alternati@urrent Magnetic
Properties of Materials at Powerequencies Using WattmetdmmeterVoltmeter Method and 26m
Epstein Test Fram@ASTM International, West Conshohocken, PA, 200
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grade of electrical steel considered in the analysis. When higher grade M15 steel was
evaluated in DOEG6s software modeled designs,
lower than the efficiencies when using M36 grade steel for several reasons incleding th

reasons cited by NEMA. The Epstein test results for various grades of steel provided in

chapter 3 of the preliminary analysis TSD were purely informational and intended to give

an indication of the relative performance of a sample of electrical stexdgleced That

information has been removed from chapter 3 of the TSD to avoid any further confusion.

f. Thinner Steel Laminations

As addressed earlier, there are two types of core losses that develop in the
electrical steel of induction motorshysteress losses and losses due to eddy current
Electric motors can use thinner laminations of core steel to reduce eddy currents. The
magnitude of the eddy currents induced by the magnetic field become smaller in thinner
laminations, making the motor more eneggfycient In the preliminary analysis, DOE

only considered conventional steels with standard gauges available in the market.

NEMA agreed with DOEOGs initial decision t
thicknesses that are currently used in motor manufactapere is a practical limit on
how thick the laminations can be in electric motors before additional losses may become
significant. (NEMA, No. 54 at p. 62) DOE continues to consider this as a viable

technology option in the NOPR analysis.

97



g. Increase StdclLength

Adding electrical steel to the rotor and stator to lengthen the motor can also
reduce the core losses in an electric motor. Lengthening the motor by increasing stack
length reduces the magnetic flux density, which reduces core losses. Howeeasing
the stack length affects other performance attributes of the motor, such as starting torque.
Issues can arise when installing a more efficient motor with additional stack length
because the motor becomes longer and may not fit into applicatidndimiensional

constraints.

NEMA requested clarificatpoonwbfchhBPORhIhTr as
included in its summary of technology options for improving efficiency in chapter 3 of
the preliminary TSD. NEMA was unsure if this meant increasingethgth of the core or

increasing the outer diameter of the stator core laminations. (NEMA, no. 54 at p. 45)

DOE clarifies that it was referring to increasing the length of the stator and rotor.
However, increasing the outside diameter of the stator careiker way in which
manufacturers could add active material to their electric motor designs and potentially

increase efficiency.

NEMA agreed that changing the stack length of an electric motor can improve
core losses (i.e. reduce them), but may alsoghather performance characteristics
such as torque, speed and current. However, NEMA stressed that there are limits to this

technology option because too much additional stack could cause the motor to increase in
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size (i.e., frame length), which mightiaduce utility problems in spa@®nstrained
applications (NEMA, No. 54 at p. 62YEMA also commented that since the EISA 2007
standards were enacted, only a limited number of motor ratings above NEMA Premium
have been offered because there is not sefficspace available in most frame ratings to
increase the efficiency. (NEMA, No. 54 at p.DPE understands that there are limits to
increased stack length and, as discusséd.®, DOE established criterion to limit the
length of the stack considered in the engineering analy8& also understands that

stack length affects consumer utility, which is a factor that DOE considiéssalection

of a standard.

h. More Efficient Cooling System

Optimizing a motoroés cooling system that
another technology option to improve the efficiency of electric motors. Improving the
cooling system reduces air resistance andcestsal frictional losses and decreases the
operating temperature (and associated electrical resistance) by cooling the motor during
operation. This can be accomplished by changing the fan or adding baffles to the current

fan to help redirect airflow throlghe motor.

NEMA agreed that changes in the cooling system may reduce the total losses of a
motor, but did not agree that this is equivalent to a more efficient cooling system, as DOE
described. NEMA elaborated that when the design of an electric matoanged, losses
associated with the cooling system may increase in order to provide a decrease in losses

associated with some other part of the design. (NEMA, No. 54 at p. 63) DOE appreciates
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NEMAOGs comments and has c blagyadptionteréfleadtthes phr asi

fact that it is the motor that becomes more efficient, not necessarily the cooling system.

i. Reduce Skew on Conductor Cage

In the rotor, the conductor bars are not straight from one end to the other, but
skewed or twisted slightlaround the axis of the rotor. Decreasing the degree of skew can
i mprove a motoro6s efficiency. The conductor
that add cusps, | os s e storquaahatactaristicRe@ucirigthe t he mo't
degree ofkew can help reduce the rotor resistance and reactance, which helps improve
efficiency. However, overly reducing the skew also may have adverse effects on starting,

noise, and the speg¢drque characteristics.

NEMA inquired if this design option wansidered for any of the designs used
in the engineering analysis, as the preliminary TSD did not indicate if any rotors were
skewed. (NEMA, No. 54 at p. 63) NEMA also inquired why the option to reduce skew on
the conductor cage, was associated vifhlbsses in chapter 3 of the preliminary TSD,
but in chapter 4 of the preliminary TSD this option was associated with reducing stray

load losses. (NEMA, No. 54 at p. 46)
DOE notes that all software designs used in the analysis had skewed rotor designs

and,in general, the skews used were approximately 100 percent of a stator or rotor slot

pitch, whichever had the smaller number of slots. Additionally, DOE intended for the

10C



option of reducing the skew on the conductor cage to be an option associated with

reduang stray load losses and has made the appropriate adjustments to its text and tables.

B. Screening Analysis

After DOE identified the technologies that might improve the energy efficiency of
electric motors, DOE conducted a screening analysis. The purptisesareening
analysis is to determine which options to consider further and which to screen out. DOE
consulted with industry, technical experts, and other interested parties in developing a list
of design options. DOE then applied the following set céesting criteria, under
sections 4(a)(4) and 5(b) of appendix A to s
Interpretations and Policies for Consideration of New or Revised Energy Conservation
Standards for Consumer Pr omiensdresunsaitailedor d et e r mi

further consideration in the rulemaking:

1 Technological FeasibilityDOE will consider only those technologies
incorporated in commercial equipment or in working prototypes to be

technologically feasible.

1 Practicability toManufacture, Install, and Servic#:mass production of a
technology in commercial equipment and reliable installation and servicing of
the technology could be achieved on the scale necessary to serve the relevant
market at the time of the effective datfethe standard, then DOE will

consider that technology practicable to manufacture, install, and service.
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1 Adverse Impacts on Equipment Utility or Equipment AvailabilX@E will
not further consider a technology if DOE determines it will have a significa
adverse impact on the utility of the equipment to significant subgroups of
customers. DOE will also not further consider a technology that will result in
the unavailability of any covered equipment type with performance
characteristics (including relidiby), features, sizes, capacities, and volumes
that are substantially the same as equipment generally available in the United

States at the time.

1 Adverse Impacts on Health or Safd®E will not further consider a

technology if DOE determines that ttezhnology will have significant
adverse impacts on health or safety.

TablelV.7TablelV.7 belowpresents a gemal summary of the methods that a
manufacturer may use to reduce losses in electric motors. The approaches presented in
this table refer either to specific technologieg)( aluminum versus copper diast rotor
cages, different grades of electricale$f®r physical changes to the motor geometries
(e.g, crosssectional area of rotor conductor bars, additional stack hekgirtadditional

details on the screening analysis, please refer to chapter 4 of the preliminary TSD.
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Table IV.7 Summary List of Options from Technology Assessment

Type of Loss to Reduce

Technology Option

Stator fR Losses

Increase crossectional area of copper in stator slots

Decrease the length of coil extensions

Rotor PR Losses

Use a diecast copper rotor cage

Increase crossectional area of rotor conductor bars

Increase crossectional area of end rings

Core Losses

Use electrical steel laminations with lower losses (watts/Ib)

Use thinner steel laminations

Increase stack length (i.e., add electrical steel laminations)

Friction and Windage
Losses

Optimize bearing and lubrication selection

Improve cooling system design

StrayLoad Losses

Reduce skew on rotor cage

Improve rotor bar insulation

1. TechnologyOptions Not Screened Out of the Analysis

The technology options in this section are options that passed the screening
criteria of the analysis. DOE considers the technology options in this section to be viable
means of improving the efficiency of electri mot or s . I n NEMAGS
analysis lacked sufficient supporting information regarding whether a particular
technology is included or screened out of the analysis. NEMA agreed that it is necessary
to look at new technologies, but added D&E did not provide adequate supporting
information in its analysis and the group asserted that commenters were left without
adequate material upon which to base comments in support of or in opposition to

statements made in the preliminary TSD. NEMA sutggethat a form clearly

Vv

identifying the issues pertinent to the topic be provided for each option analyzed. NEMA

stated that providing these forms for each technology option would supply adequate
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material on which commenters can develop public commenEVIB No. 54 at p. 45)
Additionally, when discussing the seven criteria that DOE must consider in its analysis,
NEMA expressed that there are more criteria that should be considered. biatdé

that DOE must consider 4(d)(7) of 10 CFR part 430, subpap@zndix A which lists
under sections 4.(d)(7)(viii) impacts of noegulatory approaches and (ix) new

information relating to the factors used for screening design options. (NEMA, No. 54 at

p. 13)

Regarding NEMAGOGs request pfiooconsalerddor m f or e
todayods NOPR provides detailed information a
and DOE is requesting comment on each option

about the technology options not screened out of the DOE analysis. Wittcémien of

copper rotor motors, DOE understands that each technology option that it has not

screened out is a design option that a manufacturer would consider in each motor

designed and built. DOE recognizes that manufacturers design their motors ¢e laalan

number of competing factotiat all interrelate with each othemcluding performance,

reliability, and energy efficiencyBecause the options DOE has identified can be

modi fied to I mprove efficiency whtvel e maint ai
view that at least some significant level of energy efficiency improvement is possible

with each technology option not screened out by DOE.

Furthermore, DOE notes that it did not explicitly use each of the technology

options that passed the screentniteria in the engineering analysis. As discussed in
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sectionlV.C, DOEOGs engineering analysis was a mixt
routinely uses in its engineering analysis methodology: the reeagaeering approach

(in which DOE has no control ovére design parameters) and the efficieleel

approach (in which DOE tried to achieve a certain level of efficiency, rather than

applying specific design options). This hybrid of methods did not allow for DOE to fully

control which design parameters weiltimately used for each representative unit in the

analysis. Without the ability to apply specific design options, DOE could not include

every option that was not screened out of th
comments regarding Appendixto Subpart U of part 430. DOE has considered all

comments related to the two factors identified by NEMA in its rule.

In addition DOE notes that its analysis neither assumes nor requires
manufacturers to use identical technology for all motor typ@sepower ratingsor
equipmentclasses I n ot her words, D O{gcutsal apdkparmid ar ds ar ¢

manufacturers design flexibility.

a. Copper DieCast Rotors

Aluminum is the most common material used today to createadierotor bars
for electricmotors. Some manufacturers that focus on producingéfighency designs
have started to offer electric motors with-dest rotor bars made of copper. Copper
offers better performance than aluminum because it has better electrical condudiyity (

alower electrical resistance). However, because copper also has a higher melting point
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than aluminum, the casting process becomes more difficult and is likely to increase both

production time and cost.

NEMA commented that performance is a relative terrd,that the NEMA MG
1-2011 standard specifies performance characteristics and specifications for various types
of motors. NEMA added that tradeoffs among various performance characteristics related
to the conductivity of copper are required when designiNg®A Design B electric
motor that is in full conformance with the NEMA MG2011 standards. NEMA
commented that DOE did not address all aspects of motor performance specified in the
NEMA MG 1-2011 standard, especially some of the performance requirerakate to

the choice of conductive material in the rotor. (NEMA, No. 54 at p. 46)

DOE acknowledges that using copper in rotors may require different design
approaches and considerations. In its own modeling and testing of copper rotor motors,
DOE ensuredhat performance parameters stayed within MBD11 limits (i.e., met
NEMA Design B criteria). DOE seeks comment on any particular aspects of copper rotor
design, especially those on parameters widely viewed as challenging to meet, and
requests explanatioof why such parameters are especially challenging when using

copper.

The Advocates (NEEA, NPCC, ACEEE, ASAP, Earthjustice, and ASE) disagreed

with DOEG6s tentative decision during the

die-cast rotors. It urgeBOE to exclude this option in order to avoid analyzing a
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technology that is not ready for use across all motor types, configurations, and
horsepower ratings that DOE would cover as part of its rulemaking. (Advocates, No. 56

at pp. 34)

On a related not& EMA commented that DOE has not publicly established what
determines a fAimass quantity.o NEMA el aborat
ability to be produced in significant volume for the entire industry. NEMA commented
that DOE screened out cairt electrical steels because they could not be produced in
significant volume for the entire industry, and this same logic should apply to copper

rotor technology. (NEMA, No. 54 at p. 24)

DOE did not screen out copper as aahst rotor conductor matal because
copper diecast rotors passed the four screening criteria. Because copper is in commercial
use today, DOE concluded that this material is technologically feasible and practicable to
manufacture, install, and service. Additionally, manufactuae¥salready producing such
equipment, which suggests that such equipment can be safely produced in mass
guantities. For example, Siemens produces copper rotor motor2fohd and SEW
Eurodrivemanufactures: full line of motors from 430 hp.In addition, DOE notes that
its analysis neither assumes nor requires manufacturers to use identical technology for all

motor types, horsepower ratings, or equipment classes.



DOE received considerable feedback concerning copper rotor technology.
Consequently, DOEd&s organized those comments into sections below as they pertain to

the four screening criteria.

Technological Feasibility

As part of its analysis, DOE intends to ensure that utility, which includes frame
size considerations, is maintained. Increasedpghgpcosts are also taken into account in
the national impact analysis (NIA) and the ddgcle cost (LCC) analysis portions of

DOEG6s analytical procedures.

NEMA commented that the use of a technology in a limited subclass of electric
motors does namply that the technology can be applied to every equipment class
covered in this rulemaking. NEMA is not aware of any available complete product line of
NEMA Design A, B, or C copper dieast rotor electric motors manufactured in the
United States, andated that further investigation is required to prove this technology is
valid for an entire range of designs. (NEMA, No. 54 at pp. 2, 48, 49) NEMA was able to
find two manufacturers currently producing copper rotor motors in a total of only 33 out
of over600 equipment classes covered in this rulemakitNEMA and Baldor added
that none of those motors are produced in the United States, and only about half of those
ratings met NEMA Design B performance requirements. (NEMA, No. 54 at pp. 48, 49;

Baldor, Pubk Meeting Transcript, No. 60 at pp. 109, 110)

% The equipment classes NEMA found included NEMA Design A motors from 1 to 30dule 4
configurations, and NEMA Design Botors from 1.5 to 20 hp in apble configuration, 1 to 20 hpina 4
pole configuration, and 1 hp and 30 hp in a gole configuration. All motor configurations NEMA
mentioned were enclosed frame motors.
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NEMA commented that the digasting process for copper rotors can increase
core or stray load losses in the motor, and this is a problem with coppestiieg that

has not been solved in all rotor sizesE(WA, No. 54 at p. 46)

NEMA cited recentlyconducted U.S. Army studies involving eiast copper
rotor motors. It explained that the first study evaluated the advantages afastie
copper rotor versus an aluminum rotor. The study also attempted tozeptima process
and estimate manufacturing costs for-cest copper rotors. NEMA commented that the
results of the study showed that the-ci#st copper rotor motor was unable to stay within
the NEMA Design Bockedrotor current limits, and that efficiey increased by less
than one full NEMA band over the comparable NEMA Design B aluminurcoggter
rotor motor. The study reported that continued investment in cast copper rotor motor
technology development is needed to improve design optimization metimpisve the
casting process, and to investigate utilization of cast copper in larger motor sizes. NEMA
commented that the number of -diast copper rotors manufactured in the study was
insufficient to make any determination that-deesting could be pesfmed on a high and

consistent quality basis necessary for general production. (NEMA, No. 54 at p. 50, 51)

NEMA also described a different U.S. Army study where -d0@aluminum rotor
motor driving a pump was to be replaced with enpscopper rotor motoNEMA
explained that in the study thediea st copper rotor motords opti

the motor would have a one NEMA band increase in efficiency over the aluminum die



cast rotor motor it was replacing. However, once built, thby8iecast opper rotor

motor had an actual efficiency of more than 1 NEMA band below the aluminucastie
rotor motor, with core and stray load losses of the physical motor being higher than the
computer model had predicted. NEMA concluded that neither study wesssid in
demonstrating that copper rotor diasting technology is possible or feasible in its
current state in the U.S., and that continued investment-cagitecopper rotor

technology development is necessary to improve the coppeasii|g procesand

reduce stray load losses. (NEMA, No. 54 at pp53)1L

BBF, a consulting company working on behalf of the Copper Development
Association (CDA), commented that test data of multiplecdst copper rotor motors
resulted in an average tested efficieach ove t he motorsdé namepl at e
the test results frora similar model aluminum rotor motor tested below its nameplate
efficiency. In its view, these results fall within the allowable variances prescribed by
NEMA with respect to measuringegltric motor energy efficiency and demonstrate the

higher energy efficiency potential of deast copper rotor motar@8BF, No. 51 at p. 3)

NEMA summarized that it is not aware of any prototypes or commercially
available products that have demonstrabedtechnical feasibility of utilizing dieast
copper rotors sufficient to cover all equipment classes covered in this rulemaking. NEMA
di sagreed wit h DO-Eadtsoppeorotarsisuceessiully passedathe di e
screening criteria for technologldaasibility relative to the class of all covered electric

motors, including the #&p copper rotor motor which DOE used as a representative unit
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in the engineering analysis. NEMA added that DOE has not provided any evidence that
die-casting copper can scessfully be applied to all electric motors covered in this
rulemaking by December 19, 2015. NEMA added that the recent studies conducted by
the United States Army noted above showed that, in the U.S. at present or in any
foreseeable future time, this lewlogy is not currently feasible over the range of motor
ratings regulated under this rulemaking. (NEMA, No. 54 at pp. 3, 53, 56; NEMA, Public

Meeting Transcript, No. 60 at p. 111)

The CDA disagreed with NEMA, and stated thatchst copper rotor motoese
a feasible technology because manufacturers have already successfully entered the copper
rotor motor market. The CDA added that a range of development issues have been
overcome, again suggesting that it is technologically feasible, but coppeastiietors
require redesign and optimization to take
properties compared to aluminum, and many motor manufacturers have undertaken this
redesign and optimization to take advantage of the properties of copper. (BB, At
p. 3) The CDA agreed, however, that current manufacturing capacity would be unable to
produce motors on the scale of five million units yearly. (CDA, Public Meeting

Transcript, No. 60 at p. 119)

DOE acknowledges that the industry is not equigpgaroduce all motors with
copper rotors, but has estimated the costs of both capital and product development
through interviews with manufacturers of motors and included these costs in its

engineering analysis. DOE welcomes comment on the methodolabgnahe resulting
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motor pricesAs noted earlier, EPCA, as amended, does not require manufacturers to use

identical technology for all motor typdsorsepower ratings, or equipment classes.

DOE recognizes that assessing the technological feasibilitglofiorsepower
copper diecast rotors is made more complex by the fact that manufacturers do not offer
them commercially. That could be for a variety of reasons, among them:

1. Large copper dieast rotors are physically impossible to construct;

2. They are posble to construct, but impossible to construct to required
specifications;

3. They are possible to construct to required specifications, but would
require manufacturing capital investment to do so and be so costly that

few (if any) consumers would choose them

Some exploratory research suggests that different organizations have developed
and used copper rotors in higrsepower traction (i.e., vehicle propulsion) motors. For
example, Tesla Motors powers its Road$tand Model € vehicles with copper
induction motors generating 3#0or more peak horsepowand Oshkosh dieast copper
rotor induction motors rated at 140 peak*iRemy International, Inc. (Remy) also

builds highhorsepower copper motors that are claimed to exceed 300 horsepower at

37 http://www.teslamotors.com/roadster/technology/motor

38 http://www.teslamotors.com/models/specs

39 http://www.teslamotorsom/roadster/specs

40 Seehttp://www.coppermotor.com/wpontent/uploads/2012/04/casestudy atnugk.pdf
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600V * DOE seeks comment on these, and on otherhighepower motors that use

copper rotors.

DOE recognizes that these motors are designed for a different purpose than most
motors in the current scope of this rulemaking. Their existence sagjggstopper &as
been successfully used at high power levels in an application where efficiency is critical

and casts doubt on the idea that coppercdst rotors can be screened out with certainty.

Another reason to be cautious about screening out coppeasti®tors comes
from an analogous product: distribution transformers. DOE conducted a recent
rulemaking on distribution transforméfsywhich (as with motors) have two sets of
conductors that surround electrical steel to transfer power. Although distribution
transformers do not rotate, many of the ways that they lose energy (e.g., conductor losses)
are the samas electric motorsThey also face constraints (as motors do) on performance
aspects unrelated to efficiency; inrush current and overall volume aexamaples. At
current prices, copper is generally not viewed as economical for most efficiency levels
but, if properly designed;opperwindingsalmost always result in smaller, cooler, and

more efficient transformers

In general, copper may improve eféocy relative to aluminum because it carries

an inherently higher level of electrical conductivity. Several organizations have

% http://www.remyinc.com/docs/hybrid/REMI2_HVH410_DataSht.pdf
“2 Available at: http://www.regulations.gov/#!documentDetail; D=EERE.0BT-STD-00480762
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conducted research and built protof{motors that use materials even more conductive
than <copper, such tarmls that hapeeno candudtiveclbsses ® 0

achieve even greater electric motor efficiency. While DOE is not considering the use of

these more conductive materials at this time, DOE notes their existence for purposes of

demonstrating the potential advantagéssing materials that lower conductive losses.

While recognizing that motors are not transformers, the parallels that can be
drawn leave DOE hesitant to screen out coppecast rotors on the basis of
technological feasibility. Relative to the abdigt of possible reasons for their absence
fromthehighh or sepower mar ket, DOEOs anadtysi s
rotorsare either(1) physically impossible to construct or (2) possible to construct, but

impossible to construct to required sifieations.

Practicability to Manufacture, Install, and Service

Regar di ng DOE 0 the aonnual salescot electric motdrshas tlefined
by EISA 2007 will have grown to 5,089,000 units by 2015, including over 24,000
possible motor configurationSIEMA commented that only a single manufacturer is
currently producing dieast copper rotor motors, and in a very limited range. In its view,
without sufficient data and analysis to
of die-cast copper rotsris possible, NEMA asserts that this technology would not pass
the screening criterion of practicability to manufacture, install, and service. It argues that,
based on the limited advances of the technology from 1995 to present day in the United

States, htis technology is unlikely to be mature enough by the compliance date for this

“3 See General Atomics marine propulsion motohtip://www.ga.com/electridrive-motors
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rulemaking to meet the required production of over 5 million motors in the U.S., even if
all manufacturing were shifted overseas. (NEMA, No. 54 at pp. 3, 47, 53, 54, 56; NEMA,
Public Meeting Transcript, No. 60 at p. 114) NEMA noted that mandating this
technology may also have the indirect effect of establishing a monopoly market in the
U.S. for those manufacturers who can produce copper rotor mottogush production

jobs owerseas and penalize motor manufacturers that do not have the capability to

produce copper rotor motors. (NEMA, No. 54 at p. 24)

DOE recognizes the importance of maintaining a competitive market. However,
because there are at least two domestic manufesiifrenotors with copper rotors and
because several more are manufacturing internationally, DOE believes the opportunity
for price manipulation is limited. Furthermore, DOE has seen no evidence to suggest that
a monopoly would be likely to occur. DOE regteecommenand furthelinformation

that woulddemonstrate the likelihood affuture monopoly.

BBF and the CDA commented that there are coppecabéing facilities in the
U.S.i specifically in Colorado and Ohioas well as in Mexico. They added tloig-cast
rotor motors have been produced for North American service since 2005, and some of
these motors meet NEMA Design B requirements. The CDA and BBF added that
multiple highvolume manufacturers in Europe and Asia have produced tens of thousands
of die-cast copper rotor motors that satisfy the NESfecified performance
requirements that meet or exceed the NEMA Premium levels. These motors have been

sold to North American users. (BBF, No. 51 at pp. 2, 3) DOE was able to purchase and
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tear down a Hp copper rotor motor from an Asian manufacturer that performed at
D OE 6 s -techafficiency level, as well as the performance requirements for NEMA

Design B

SEW Eurodrive stated that it offers only three models of@agper rotor motors
and cited the exgnses and difficulty of casting copper rotors as the reason why it does
not offer more diecast copper rotor motor models. (SEWPublic Meeting Transcript,

No. 60 at p. 121)The company did not elaborate why it manufacturesdst copper

rotor motorsm the configurations it offers for sale.

Based on these comments, DOE does not believe it has grounds to screen out
copper diecast rotors on the basis of practicability to manufacture, install, and service.
The available facts indicate that manufactuegesalready producing smaller motors with
die-cast copper rotors, leaving the question of whether larger motors are being
manufactured with dieast copper rotors. DOE recognizes that as technology scales
upward in size, it can require different equipmemtd processes. “Nonet hel e
and R®B30¢+dharsepower motors with copper rotors cast doubt on the assertion that

copper is impracticable in this size range.

DOE understands that fedlcale deployment of copper would likely require
consideral® capital investmenséedetailed discussion in SectibhJ.2.9 and that such

investment could increase the production cost of large copper rotor motors considerably.

4 http://www.teslamotors.com/roadster/technology/motor
%5 http://www.remyinc.com/docs/hybrid/REM2 HVH410 DataSht.pdf

11¢


http://www.teslamotors.com/roadster/technology/motor
http://www.remyinc.com/docs/hybrid/REM-12_HVH410_DataSht.pdf

DOE believes that its current engineering analysis reflects this likelihood, and weslcom

comment on this issue.

Adverse Impacts on Equipment Utility or Equipment Availability

NEMA commented thaDOE failed to address the adverse impacts on equipment
utility or availability caused by dieast copper rotors. It asserted that the process for
manufacturing dieast copper rotors is underdeveloped, and energy conservation
standards based on this technology, and implemented in 2015, would result in product
unavailability of over 99 percent of the electric motors that would be impacted if DOE
wereto set a standard that would require the use eta#t copper. NEMA reiterated that
there is no justification as to how motors that are not available today, made from a
technology that is not practiced in the U.S. today, will become available witkm thr
years, especially when taking into account the time needed for prototyping, testing, and
AEDM certification. (NEMA, No. 54 at pp. 3, 47, 48, 54, 55, 56; NEMA, Public Meeting

Transcript, No. 60 at pp. 114, 115)

NEMA also commented that it is difficult for deast copper rotor motors to stay
under the maximum lockeator current limit for NEMA Design B motors. If this
technology were adopted, in its view, many current NEMA Design B motors would
become NEMA Desig A motors. This would reduce the utility of a motor, because a
NEMA Design A motor is not a direct drap place replacement for a NEMA Design B

motor. (NEMA, No. 54 at p. 3)



DOE agrees that, in some cases, redesigning product lines to use copper would
entail substantial cost. DOEOS engineering a
and discusses them in detail in sectidrC. DOE was ale to model copper rotor motors
adhering to the specifications of NEMA Desigff Bncluding the reduced (relative to

Design A)lockedrotor current.

Finally, based on DOEO&6s own shipments ana
estimates of worldwide annual copgoduction’’ DOE estimates that .002% of
worldwide copper supply would be required to use copper rotors for every single motor
within DOE&6s scope of coverage. At the prese
evidence to screen copper-gi@strotors from the analysis on the basis of adverse

impacts to equipment utility or availability.

Adverse Impacts on Health or Safety

NEMA commented that the preliminary TSD does not sufficiently explain how
DOE concluded that mandating performance levelswould require copper rotor die
casting would not have an adverse impact on health or safety, with the implication being
on occupational health and safety. NEMA commented that the preliminary TSD
mentioned potential impacts on the health or safety cdusdte higher melting point of
copper, but DOE did not elaborate on what these potential impacts were. NEMA

di sagreed with DOEOG6s ceastcdppesrota techmlmgyont o scr ee

“®The parameters DOE believed to present the largest risk of rendering a motor noncompliant with NEMA
MG12011 standards were those related to NEMA design |
modeling efforts.

“7 http://minerals.usgs.gov/minerals/pubs/commodity/copper2fd-coppe.pdf
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the premise that handling molten copper is similar to hagdtialten aluminum. NEMA
noted that copper has a pouring temperature of 2100 degrees Fahrenheitand

percent higher casting pressure than aluminum, and that, combined, these two
characteristicsvould increase the severity of any potential accidéNEMA mentions an
incident involving the two U.S. Army dieast copper rotor studies previously mentioned,
which resulted in injuries during the dbasting of aluminufff [sic] cage rotors and

caused the only U.S. manufacturer of coppercdgting equipmenbtwithdraw that
equipment from the market. NEMA added that the equipment currently remains
unavailable for purchase. (NEMA, No. 54 at pp. 10, 55, 56; NERUklic Meeting
Transcript, No. 60 at p. 1)BEMA added that, especially regarding-gi&stingcopper

on larger motor sizes, DOE cannot justifiably claim that there are no adverse impacts on
health or safety until they conduct a thorough investigation or feasibility study regarding

this topic. (NEMA, No. 54 at p. 3)

However, BBF also commented tltaipper diecast rotors can be safely
manufactured, as one major manufacturer indicated that they have had no worker injuries

in volume production over multiple years. (BBF, No. 51 at p. 3)

BBF commented that, with the extensive capabilities of copperadierotors and
commercial availability of copper digast rotors with efficiencies higher than NEMA
MG 1-2011 Table 122 efficiencies, DOE should include in its evaluations copper die

cast rotor motors. BBF also added that they strongly disagree withEMA

“FErom the context of NEMAds comment, DOE believes
this passage to use the word

typographical error and that NEMA had intee d
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representativesod6 contrary verbal suggestions

presented during the public meeting. (BBF, No. 51 at p. 4)

DOE is aware of the higher melting point of copper (1084 degrees Celsius versus
660 degrees Celsius foruahinum) and the potential impacts this may have on the health
or safety of plant workers. However, DOE does not believe at this time that this potential
impact is sufficiently adverse to screen out copper as a die cast material for rotor
conductors. The pcess for die casting copper rotors involves risks similar to those of die
casting aluminum. DOE believes that manufacturers whoakémetal at 660 Celsius or
1085 Celsius (the respective temperatures required for aluminum and copper) would need
to obseve strict protocols to operate safdDOE understands that many plants already
work with molten aluminum die casting processes and believes that similar processes
could be adopted for copper. DOE has not received any supporting data about the
increasedisks associated with copper die casting, and could not locate any studies
suggesting that the dmasting of copper inherently represented incrementally more risks
to worker safety and healtbOE notes that several OSHA standards relate to the safety
o fNoriferrousDieCast i ngs, Except AcastoopperispatdOBf whi ct
seeks commertn any adverse safety or health impacts@mthese OSHA standafds
and on any other specific information document the safety afadibng for both copper

and aluminum.

“ For a list, see:
http://www.osha.gov/pls/imis/citedstandard.sic?p esize=&p_state=FEFederal&p sic=3364
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b. Increase the CrosSectional Area of Copper in the Stator Slots

Increasing the slot fill by either adding windings or changing the gauge of wire
used in the stator winding can also increase motor efficiency. Motor design engineers can
achievethis by manipulating the wire gauges to allow for a greater total-sext®nal
area of wire to be incorporated into the stator slots. This could mean either an increase or
decrease in wire gauge, depending on the dimensions of the stator slots atidmsul
thicknesses. As with the benefits associated with larger-eext®nal area of rotor
conductor bars, using more total cregstional area in the stator windings decreases the
winding resistance and associated losses. However, this change cectdheffslot fill
factor of the stator. The stator slot openings must be able to fit the wires so that
automated machinery or manual labor can pull (or push) the wire into the stator slots. In
the preliminary analysis, DOE increased the cesgional ara of copper in the stator
slots of the representative units by employing a combination of additional windings,

thinner gauges of copper wire, and larger slots.

In response to the preliminary analysis, NEMA commented that a majority of
stator windings aremanufactured on automated equipment. NEMA and Baldor noted that
there is a practical limit of 82 percent slot fill for automated winding equipment for
motors with four or more poles; motors with two poles have a limit of 78 percent.
(NEMA, No. 54 at p. 58Baldor, Public Meeting Transcript, No. 60 at p. 146) NEMA
commented that the values for maximum slot fill for the automated winding models was
approximately 82 percent and those based on hand winding were 85 percent. NEMA

noted that this is not a practicdange based on a change in conductor size alone
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because conductors are sized in a larger increment than this difference would suggest.
Therefore, it would appear that the size of the stator slot in each case was selected to
purposely result in the cosponding level of slot fill. (NEMA, No. 54 at p. 59) In other
words, instead of only adjusting the conductor gauge to the slot size, the slot size could
be adjusted to the conductor gad§E&NEMA, No. 54 at p. 59) Baldor added that slot fills
above 85 paent would be very difficult to do in current production volumes (5 million
motors annually) and noted that this slot fill percentage was based on-aries#ated
software model and has not been proven in a prototype. (Baldor, Public Meeting
Transcript, No60 at pp. 146, 147) NEMA requested that DOE clarify the method it used
for calculating slot fill to avoid confusion among other interested parties who may have

used a different calculation method. (NEMA, No. 54 at p. 58)

DOE calculated the slot fill by measuring the total area of the stator slot and then
subtracting the cross sectional area for the slot insulation. This method gave DOE a net
area of the slot available to house copper winding. DOE then identified thdtklthev
most windings and found the cross sectional area of the insulated copper wires to get the
total copper cross sectional area per slot. DOE then divided the total copper cross
sectional area by the total atddslotfillaforédsa t o

teardowns and software models are all provided in chapter 5 of the TSD.

NEMA commented that several of DOEOS
slot fill at 85 percent, whereas the closest automated winding slot fill wpsr8at.

NEMA guestioned the significant benefit DOE projected in designing the stator slot such

*0|n practice, of course, a manufacturer may opt to do either or both.
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that a hand winding would be required to gain@8r cent change in sl ot f
view, the change in core loss that might result from increasing the Statarea by 3

percent would not be significant enough to warrant haimdling the stator. (NEMA, No.

54 at p. 59) DOE notes that the software designs exhibiting these changes in slot fill

were used when switching from aluminum to a copper rotor deshgmefore, changing

sl ot geometries impacted the designodés sl ot f
different motor designs. Consequently, a 3 percent increase in slot fill does not imply that

this change was made to increase the efficiency of and#sign, but could have been

made to change other performance criteria of the motor, such as-let&edurrent.

In the preliminary analysis, DOE indicated that motor design engineers can adjust
slot fill by changing the gauge of wire used in fraci®f half a gauge. NEMA
commented that it did not wunderstand DOEOGSs s
limit the number of gauges used at any particular manufacturing plant, and few of those
gauges are Afracti ons o ftmanufdctarers magusg auge. 0 NE
mul tiple wire gauges in a particular winding
indication that any sizes other than a single conductor size was used in each winding.
(NEMA, No. 54 at pp. 58, 59) DOE clarifies that all the mled motors utilized standard
AWG wire sizes, either wholer half gauge sizes (i.e., 18 or 18 ¥2). DOE clarifies that
the statement of Afractions of a half gaugeo
(i.e. 18 %2 of a gauge is a fraction of 18 gawye). DOE did not end up using fractions
consisting of a half gauge of wire sizes to conduct its modeling, but did indicate that this

was a design option used by the motor industry.
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NEMA also commented that it is not uncommon for a manufacturer tthese t
same stator lamination design for all horsepower ratings built in the same NEMA MG 1
2011 Standard frame series. NEMA indicated that a high slot fill may require hand
winding for one of the ratings and automated winding for the other rating, andghad a
design practice for stator laminations will take into consideration more than just one
motor rating to determine the best design for all ratings in that frame series. (NEMA, No.

54 at p. 59)

NEMA and Bal dor questionedhabdwaudds deci si on
stators, and both parties commented that moving to-tvaxahd technology would be a
reversal of the trend to automate manufacturing practices whenever possible. (NEMA,
No. 54 at p. 59; Baldor, Public Meeting Transcript, No. 60 at pp. 122 NEB)A noted
that none of the teardown motors in DOEOGs an

technology. (NEMA, No. 54 at p. 59)

While NEMA agrees that hand winding cannot be ruled out on the grounds of
technological feasibility, it does believe that havidding would not be practicable to
use in mass production. A NEMA member survey indicated that hand winding can take
up to 25 times longer than machine winding. NEMA added that the manpower required
to replace automated winding would require an increagsgainpower in excess of 20
times the number of automated machines. (NEMA, No. 54 at p. 60) NEMA and Baldor

commented that moving to an energy conservation level based omwband
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technology would not be achievable on the scale necessary to serveuvaetnelarket at

the time of the effective date of the standard. (NEMA, No. 54 at p. 60; Baldor, Public
Meeting Transcript, No. 60 at p. 123) NEMA added that it would not be aware if such an
expansion of the infrastructure would be required until after emgnded or new

standards are announced. (NEMA, No. 54 at p. 60) DOE is aware of the extra time
involved with hand winding and has attempted to incorporate this time into efficiency
levels (ELs) that it believes would require hand winding. DOE reiteratestibald the
increase in infrastructure, manpower, or motor cost increase beyond a reasonable means,

then ELs utilizing this technology will be screened out during the downstream analysis.

NEMA also expressed concern that standards based on hand wirtdiltshuift
U.S. manufacturing jobs to locations outside of the U.S. which have lower labor rates,
and Nidec added that most U.S. manufacturers are currently globally positioned to move
laborintensive work into lowcost labor countries if energy consergatrequirements
force them to do so. (Nidec, Public Meeting Transcript, No. 60 at p. 124) DOE intends to
fully capture this impact during the manufacturer impact analysis (MIA) portion of
DOEGs anal ysi s IV.JPtadscusionsokttee manefactuieranmpact

analysis.

NEMA also commented that hamebund technology would have an adverse

impact on product utility or product availabilityaying that the infrastructure would not

be in place in sufficient time to support the hand winding of all of the stators, and there
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will be an adverse impact on the availability of various ratings of electric motors at the

time of effective standards. BWA, No. 54 at p. 60)

NEMA commented that hand winding would have adverse impacts on worker
health or safety, as both hand winding and hand insertion of stator coils require
operations performed by hand with repetitive motions, and such hand windiagoo$ st
also involves the moving and lifting of various stator and winding components, which
may be of substantial size in larger horsepower rated electric motors. NEMA added that
any increase in personnel performing the repetitive tasks required by hahdgadan
have an adverse effect on the overall health and safety record of any facility. (NEMA,

No. 54 at p. 60; NEMA, Public Meeting Transcript, No. 60 at p. 123)

DOE disagrees with NEM®& assertion concerning the adverse impacts on health
or safety, ad notes that hand winding is currently practiced by industry. Furthermore,
DOE is not aware of any data or studies suggesting-Wwamting leads to negative health
consequences. DOE acknowledges that, were-hamting to become widespread,
manufacturersvould need to hire mongorkers to perform hanaindingto maintain
personwinding-hour equivalence, and has accounted for the added costs eivhnatig
in its engineering analysis. DOE requests comment on its cost estimates fovcar
motors, as wélks on the matter of harwdinding in general and on studies suggesting

negative health impacts in particular.
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NEMA summarized its concerns, saying that hand winding is not a viable
technology option, especially for a slot fill increase of less thandepe NEMA
believes that the engineering analysis should not be based on stator slot fill levels which
require hand winding, which are generally slot fills above 78 percentgote?motor

and 82 percent for-46-, and 8pole motors. (NEMA, No. 54 at p0)

DOE acknowledges that the industry is moving towards increased automation.
However, hand winding is currently practiced by manufacturers, making it a viable
option for DOE to consider as part of its engineering analysis. Considering the four
screenig criteria for this technology option, DOE did not screentlo@tpossibility of
changing gauges of copper wire in the stator as a means of improving efficiency. Motor
design engineers adjust this option by using different wire gauges when manufacturing an
electric motor to achieve desired performance and efficiency targets. Because this design
technique is in commercial use today, DOE considers this technology option both
technologically feasible and practicable to manufacture, install, and service. DOE is
aware of any adverse impacts on consumer utility, reliability, health, or safety associated
with changing the wire gauges in the stator to obtain increased efficiency. Should the
technology option prove to not be economical on a scale necessarphptbepentire
industry, then this technology option would be likebtbe selected for in the analysis,

either in the LCC or MIA.



DOE seeks comment generally on the process of increasing theseobiss of
copper in the stator, and in particular oa tosts and reliability of the hand winding

process.

2. Technology Options Screened Out of the Analysis
DOE developed an initial list of design options from the technologies identified in
the technology assessment. DOE reviewed the list to determine if the design options are
practicable to manufacture, install, and service; would adversely affect equigitignt u
or equipment availability; or would have adverse impacts on health and safety. In the
engineering analysis, DOE did not consider any of those options that failed to satisfy one
or more of the screening criterion. The design options screened cuinamgarized in

TablelV .8.

TableIV.8 Design Options Screened Out of the Analysis

Design OptionExcluded Eliminating Screening Criterion
Plastic Bonded Iron Powder (PBIP) Technological Feasibility
Amorphous Steels Technological Feasibility

NEMA agreed with DOE in that plastic bonded iron powder has not been proven
to be a technologically feasible method of construction of stator and rotor cores in
induction motors. (NEMA, No. 54 at p. 64) NEMA also agreed that amorphous metal
laminations ar@ot a type of material that lends itself to use in electric motors in the
foreseeable future. However, NEMA expressed concern that this technology was only
screened out on the basis of technological feasibility because it had not been used in a

prototype.(NEMA, No. 54 at p. 63)
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Bal dor and NPCC also agreed with DOE©OGS

amorphous steels from the engineering analysis. (Baldor, Public Meeting Transcript, No.

60 at p. 108; Advocates, No. 56 at p. 3)

DOE s continuingto screen auboth of these technology options from further
consideration in the engineering analysis. Additionally, DOE understands the concerns
expressed by NEMA regarding technological feasibility, but DOE maintains that if a
working prototype exists, which impli¢isat the motor has performance characteristics
consistent with other motors using a different technology, then that technology would be
deemed technologically feasible. However, that fact would not necessarily mean that a

technology option would pass #tiree of the remaining screening criteria.

Chapter 4 of this preliminary TSD discusses each of these screened out design

options in more detail, as well as the design options that DOE considered in the electric

motor engineering analysis.

C. EngineeringAnalysis

The engineering analysis develops esfficiency relationships for the equipment
that are the subject of a rulemaking by estimating manufacturer costs of achieving
increased efficiency levels. DOE uses manufacturing costs to determine regsilfpric
use in the LCC analysis and MIA. In general, the engineering analysis estimates the

efficiency improvement potential of individual design options or combinations of design
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options that pass the four criteria in the screening analysis. The engyeeaigsis also

determines the maximum technologically feasible energy efficiency level.

When DOE proposes to adopt a nevamended standard for a type or class of
covered product, it must determine the maximum improvement in energy efficiency or
maximum reduction in energy use that is technologically feasible for such product. (42
U.S.C. 6295(p)(1)) Accordinglyn the enginering analysisDOE determined the
maxi mum t echnol og-i e aiimgrgyeméntsanenelyy efficighd@rma x
electric motorsusing the design parametéos the most efficientproductsavailableon
the market or in working prototypeSeechaper 5 of the NOPR TSD The maxtech
levels that DOE determined for this rulemaking are describ®d @3 of this proposed

rule.

In general, DOE @an use three methodologies to generate the manufacturing costs

needed for the engineering analysis. These methods are:

1) the desigroption approach reporting the incremental costs of adding design
options to a baseline model;

2) the efficiencylevel approak i reporting relative costs of achieving
improvements in energy efficiency; and

3) the reverse engineering or cost assessment apgraaeblving a "bottoms
up" manufacturing cost assessment based on a detailed bill of materials

derived from electric motdeardowns.
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1. Engineering Analysis Methodology
DOEG6s analysis for the electric motor rul

efficiency-level approach and the reverse engineering approach. Primarily, DOE elected
to derive its production costs by tearthgwn electric motors and recording detailed
information regarding individual components and desiB@E used the costs derived
from the engineering teardowns and the corresponding nameplate nominal efficiency of
the torn down motors to report the relatisosts of achieving improvements in energy
efficiency. DOE derived material prices from current, publicly available data as well as
input from subject matter experts and manufactuFErsmost representative units
analyzed, DOE was not able to test asmdown a maxech unit because such units are
generally cosprohibitive and are not readily availabknerefore DOE supplemented

the results of its test and teardown analysis with software modeling.

When developing its engineering analysisdtactric motors, DOE divided
covered equipment into equipment class groups. As discussed, there are four electric
motor equipment class groups: NEMA Design A and B motors (ECG 1), NEMA Design
C motors (ECG 2), fire pump electric motors (ECG 3), and braiters (ECG 4). The
motors within these ECGs are further divided into equipment classes based-on pole
configuration, enclosure type, and horsepowe

580 equipment classes
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2. Representative Units
Due to the high numbeaf equipment classes for electric motors, DOE selected

and analyzed only a few representative units from each ECG and based its overall
analysis for all equipment classes within that ECG on those representativ®uniig
the NOPR analysis, DOE selectidee units to represent ECG 1 and two units to
represent ECG 2. DOE based the analysis of ECG 3 on the representative units for ECG 1
because of the low shipment volume and run time of fire pump electric motors. DOE also
based the analysis of ECG 4 oe #imalysis of ECG 1 because the vast majority of brake
motors are NEMA Design B motors. When selecting representative units for each ECG,
DOE considered NEMA design type, horsepower rating,-poigiguration, and

enclosure.
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a. Electric Motor Design Type

For ECG 1, which includes all NEMA Design A and B motors that are not fire
pump or brake motors, DOE only selected NEMA Design B motors as representative
units to analyze in the preliminary analysis engineering analysis. DOE chose NEMA
Design B motors becauSdEMA Design B motors have slightly more stringent
performance requirements, namely their loekeidr current has a maximum allowable
level for a given ratingConsequently, NEMA Design B motors are slightly more
restricted in terms of their maximum ef@acy levels Therefore, by analyzingNEMA
Design B motor, DOE could ensure technological feasibility for all designs covered in
ECG 1. Additionally, NEMA Design B units have much higher shipment volumes than
NEMA Design A motors because most motor dnieguipment is designed (and UL

listed) to run with NEMA Design B motors.

NEMA agreed with DOEOGs decision to base a
ECG 1 motors on NEMA Design B motor tydescause consumers generally prefer
NEMA Design B motors due to é¢fact that lockedotor current is constrained to
established industry standards in these motors, making it easier to select suitable motor
starting devices. NEMA pointed out that, on the other hand, the use of a NEMA Design
A motor may require the purcéer of the motor to expend a significant amount of time
and expense in selecting suitable mediarting devices to operate the motor in an
appropriate and safe mannREMA elaborated that it is important to base the analysis
on NEMA Design B motors in aler to minimize any disruption to consumers based on

their preference for NEMA Design BNEMA, No. 54 at p. 64) DOE appreciates
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NEMAOG s f.Emid NGPR lengineering analysis, DOE has continued to select

NEMA Design B motors as its representative smtECG 1.

As mentioned for ECG 2, DOE selected two representative units to analyze
Because NEMA Design C is the only NEMA design type covered by this ECG, DOE

only selected NEMA Design C motors as its representative units.

For ECG 3, which consists 6fe pump electric motors, DOE based its
engineering analysis on the NEMA Design B units analyzed for ECG 1 in the preliminary
analysis. As noted, in order to be in compliance with section Naidnal Fire
Protection AssociatiolNFPA) "Standard forle Installation of Stationary Pumps for
Fire Protec202000n owlsit @amdias da requirement for
currentdefinition of a fire pump electric motor, the motor mesinply withNEMA
Design B (or IEC Design Nlequirements* Although DOE understands that fire pump
electric motors have additional performance requirements, DOE believed that analysis of
the ECG 1 motors would serve as a sufficient approximation for theffastncy
relationship for fire pump electric motorBhe design differencdsetweera NEMA
Design B motofor IEC-equivalentland fire pump electric mot@re small and unlikely

to greatly affect incremental cost behavior.

L With the exception of having a thermal shutoff switch, which could prevent a fire pump motor from
performing its duty in hot conditions, NFPA 20 also excludes several motor typesnsidered in this
rulemaking from the NEMA Design B requirement. They are direct currentvaliige (over 600 V),
largehorsepower (over 500 hp), singddase, universaype, and woundotor motors,
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NEMA di sagreed with DOEOGsSs assertion that
to meet NEMA Design B standards, and commented that, as defined in 10 CFR 431.12,
fire pump electric motors are not limited to NEMA Design B performance standards.
NEMA requested that DOE clarifp OEO0s st at ement i nthathe pr el i mi
currently, efftiency standards have only been established for fire pump electric motors
that are NEMA Design B. (NEMA, No. 54 at p. 25) NEMA also commented that the
additional performance requirements for fire pump electric motors (e.g., the ability to
withstand stall onditions for longer periods of time) mean they are usually designed with
lower lockedrotor current limits. Therefore, NEMA stated tfis¢ pump electric motors
may have anaximum efficiency potential slightly lower than typical, general purpose
NEMA Desgn B motors. (NEMA, No. 54 at pp. 226, 40, 64, 70; NEMA, Public
Meeting Transcript, No. 60 at pp. 135, 136) NEMA adtlddat t hey support DO
decision to analyze fire pump motors in a separate equipment class group bédaeise

short run time of firgppump electric mototrgNEMA, No. 54 at p. 71)

Regarding DOEGs fire pump electric motor
electric motors test procedure, DOE intends its fire pump electric motor definition to
cover both NEMA Design B motors and IEgguvalents that meet the requirements of
section 9.5 of NFPARO0. See77 FR 2661718. As stated in the final electric motors test
procedure, DOE agrees with stakeholders thatéfdvalent motors should be included
within the scopeeofpumipe edefcitmiitci onmt offr, ®@f iad t
not explicitly recognize the use of IEC motors with fire punfsFR 26617DOE

realizes that section 9d NFPA 20 specifically requires that fire pump motors shall be
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marked as complying with NEMA Desidh The fire pump electric motor definition that
DOE created focuses on ensuring that compliance with the ee#iggncy

requirements are applied in a consistent maf»®E believes that there are IEC motors
that can be used in fire pump applicatioret theet both NEMA Design B and IEC
Design N criteria, as well as NEMA MGL1 service fact@OE 6 s d erfcompasssi o n
both NEMA Design B motors and IE€quivalentsTo the extent that there is any
ambiguity as to how DOE would apply this definition, iIOE 6 s , any esign B or
IEC-equivalent motor that otherwise satisfies the relevant NFPA requirements would
meet the fire pump electric motor definition in 10 CFR 431.12. To the extenhénatis
confusion regardinthis view, DOE invites comments ois issue, along witanydata
demonstrating whether any IE€gjuivalent motors are listed for fire pump service either

under the NFPA 20 or anotheslevantindustry standard.

Regarding NEMAGs other f i D@GEagreestpat el ectri c

somefire pump electric motors may not be required to meet the NEMA Design B
performance requiremenfsr IEC-equivalent commentsiHowever, those motors that
are not required to meet the NEMA Design B performance requirements are direct
current motors, motonsith high voltages (i.e., greater than 600 V), motors with high
horsepower ratings (i.e., greater than 500 horsepower), gihgke motors, universal
type motors, or woundbtor motors Any motor with such attributes would not meet the
nine motor charaetistics that define the scope of electric motors covered in this
rulemaking Additionally, any fire pump electric motor that is not rated for continuous

duty is not, and would not be,.Thewforer ed
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DOE clarifies tlat any fire pump electric motor currently subject to, or potentially subject
to, energy conservation standards as a result of this rulemalonfgl have to meet the
NEMA Design B (or IEGequivalen} performance requirements indicated above,

DOE seekgomment on whether its current regulatory definition requires further

clarification.

Additionall vy, DOE understands NEMAGs comn
limitations of fire pump electric motarslowever, DOE believes that its approximation,
by using theNEMA Design B electric motors from ECG 1 is sufficient, at this time
DOEG6s preliminary analysis, DOE found that a
electric motors resulted in negative ggcle cost savings for consumers and a negative
netpresent values for the Natiohhis was the result of extremely low operating hours
and therefore, limited energy cost savings poterd@[E notes that there are minimal

shipments and no efficiency levels are likely to be deemed economically justifiable.

Additionally, DOE understands that fire pump motors are similar in both
performance and architecture to NEMA Design B motors, the chief difference being the
absence of thermal cutoff capability that would render a fire pump motor unable to
perform its function in a hot environment. For compliance purposes, however, the
distinction is less important. DOE welcomes comment on the similarity between fire

pump and NEMA Design B motors.



Equipment class group 4, consisting of brake motors, is also based oh ECG
because DOE is only aware of brake motors being built to NEMA Design B
specificationsFurthermore, DOE understands that there is no fundamental difference in
design between brake and Aorake electric motors, other than the presence of the.brake
Therefore, the same design options could be used on both sets of electric motors and both

motor types are likely to exhibit similar cost versus efficiency relationships

For the final rule, DOE may consider combining ECGs 1 and 4 again, as was done
for the peliminary analysis, but such a decismepends, in part, on the outcometsf
concurrent electric motors test procedure rulemakgrently, DOE believes that its
proposed approach to testing brake motors will mitigate the impact of the brake
componeh 6s contributions to motor | osses such t
be the same as if the motor had been tested with the brake completely removed
(essentially making it no different from the motors covered by EC(G&E78 FR

38467 With thisapproach, a separate ECG would not be necessary.
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b. Horsepower Rating

Horsepower rating is an important equipment class setting crit&baen DOE
selected its preliminary analysis representative units, DOE chose those horsepower
ratings that constitutelsigh volume of shipments in the market and provide a wide range
upon which DOE could reasonably base a scaling methodology. For NEMA Design B
motors, for example, DOE chose 30, and 75horsepowerated electric motors to
analyze as representative un@©E selected the-Borsepower rating becaugese
motors havehe highest shipment volume of all motors. DOE selected tHo&power
rating as an intermediary between the small and large frame number series electric
motors Finally, DOE selected a 7Borsepower unit because there is minimal variation in
efficiency for motors with horsepower ratings abovenéfsepowerBased on this fact
DOE determined it was unnecessary to analyze a higher horsepowerAdditonally,
as horsepower levels increashipments typically decrea3anerefore, DOE believed
there would be minimal gains to its analysis had it examined a higher horsepower

representative unit

During the public meeting, Baldor commented that the representative units should
have been setted based on energy consumption and not shipment numbers. Baldor
indicated that using this approach, thenttBbspower motor would have been designated
as a representative unit rather than thetsepower motors. (Baldor, Public Meeting
Transcript, No.5&t p. 132, 133) NEMA reiterated Bald
comments, saying that theh®rsepower motor would not appear to be the only choice

for the representative unit. (NEMA, No. 54 at p. 65) NEMA and Baldor also commented



that there are mototsuilt in frame series larger than the standardh@gepower frame

series and DOE should select a motor built in the largest NEMALN@me series as a
representative unit. (NEMA, No. 54 at p. 65; Baldor, Public Meeting Transcript, No. 60
at p. 133) NEMAadded that efficiency ratings start to level off once horsepower ratings
exceed 15Morsepower, not above -forsepower. Therefore, they argued that selecting

a horsepower rating above 1B6rsepower would have been a better indicator if the
perceived inagase in efficiency calculated for lower horsepower ratings would be
achievable by larger horsepower ranges. (NEMA, No. 54 at pp. 27, 65) Baldor reiterated
this comment in the preliminary analysis public meetiBgldor, Public Meeting

Transcript, No. 60tgpp. 133134)

While DOE agrees with NEMA that thelorsepower electric motor was not the
only choice for the representative unit, it selected therSepower motor for multiple
reasons. The-Borsepower unit had the highest percentage of shipmerda#i mvered
electric motors, which ensured that there would be multiple efficiency levels from
multiple manufacturers available for comparison during the teardown analysis. In
addition, because DOE later employed scaling, it attempted to find a franeseti®
dimension? that could serve as a strong basis from which to scale to a relatively small set
of unanalyzed frame series. The standard NEMAMG 2011 frame- series fo
horsepower enclosed motor was a midpoint between the standard frame séries fo

horsepower and tBorsepower motors, which was the group of ratings covered by the 5

2ADd di mension is t he tlHeshafgtsthe mountingifeet di tke no®@mandke r | i ne o f
i mpacts how | arge the motoro6s | aminations can be, i mg
dimensions are designated in NEMA M&Q11 Section 4.2.1, Table24
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horsepower representative unit. A larger representative unit would have meant a larger

range of frame series on which to apply the scaling methodology.

Ast o D eEdien ofgshe 75orsepower representative unit as a maximum,
DOE understands that the-li6rsepower motor is not built in the largest NEMA MG
172011 frame series covered, but maintains t
analysis As stated prewusly, efficiencychanges slowly when approachiting highest
horsepower ratings, and choosinlgigher horsepower ratingould not have provided
any appreciable improvemeoterthe data DOElreadydeveloped for its analysiDOE
has found minimal variain in efficiency for motors above #torsepowerBecause the
change in efficiency diminishes with increasing horsepower, one may achieve a similar
level of analytical accuracy with fewer data poiat$iigher horsepoweStated inversely,
one needs moreath points to accurately characterize a curve where it has a greater rate
of changesuch as lower horsepowéiinally, DOE notes that its scaling methodology
mirrorsthe scaling methodologysed inN E MA 6 s -201G tallles of efficiencies

including therate of changen efficiency with horsepower.

DOE also notes thaection 13 of NEMA MGL-2011does nostandardize frame
series for NEMA DesignBmotoest t he hi ghest horsepower | eve
proposal Therefore, motors with the highest caipahave variability in their frame
series This added flexibility would give manufacturers more options to improve the
efficiency of their largest motors covered by this rulemakddthough altering the frame

sizeof a motor may be costYpOE believeghat its selection of @5-hp representative
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unit for higher horsepower motoisappropriate for scaling higher horsepower efficiency
levelsandtheefficiency levels examined are technologically feasible for the largest

capacity motors.

For NEMA DesignC electric motors, DOE again selected tHeosepower rating
because of its prevalenda addition, DOE selected a Brsepower rating as an
incrementally higher representative umiOE only selected two horsepower ratings for
these electric motors bagse of thig low shipment volumes. For more information on

how DOE selected these horsepower ratings see chapter 5 of the TSD.

I n submitted comment s, NEMA expressed con
50-horsepower representative unit for the NEMA DQeasC equipment class group
NEMA stated that the NEMA -frame size for such a rating is 326T, which is three
NEMA T-frame number series below the largest frame number series.0f BRA
requested that DOE clarify why it limited its NEMA Design C representative unit to such
a low value in its engineering analysis. (NEMA, No. 54 at pFa@lly, NEMA
commented thahe 2011 shipment data that DOE used to select its representats/e uni
was not broken down by NEMA design tytNEMA believed that using such data to
select representative units for ECGs 1 and 2 was not appropriate and requested

clarification. (NEMA, No. 54 at p. 66)

As with ECG 1, DOE selected representative unitsféiiain the middle of the

range of ratings covered in this rulemaking and not necessarily the largest frame size
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covered in the rulemaking. Furthermore, as discussed earlier, NEMA Design C motors
are produced in a smaller rangfehorsepower ratings thanBVMA Design B motors (1 to

200 rather than 1 to 500)Vith this smaller horsepower range, a correspondisigigller

range of representative units is needdterefore, DOE selected a slightbyver ratingas

its maximum for EC@. As for the shipments datesed to select tHe-hp representative

unit, DOE acknowledges that it did not separate the data by design type, and has revised
the text for the NOP& s  To&ddl clarity. However, DOE still maintains that the

prevalence 05-hp units make it an appropr&selection as a representative unit.

c. PoleConfiguration

Poleconfiguration is another important equipment class setting critdrain
DOE had to consider when selecting its representative &oitshe preliminary analysis,
DOE selected 4ole motordor all of its representative units. DOE chospale motors
because they represent the highest shipment volume of motors compared to other pole
configurationsDOE chose not to alternate between pole configurations for its
representative units becauseénted to keep as many design characteristics constant as
possible By doing so, it would allow DOE to more accurately identify how design
changes affect efficiency across horsepower ratidgitionally, DOE believed that the
horsepower ratingersusefficiency relationship is the most important (rather than-pole
configuration and enclosure typersusefficiency) because there are significantly more

horsepower ratings to consider.
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NEMA noted thaefficiency gains based on gptle configuration do natonfirm
that those same gains are achievable in other pole configurations, and there is no
foundation for scaling across different pole configurations. NEMA added that it is
necessary to know how designs change with respect tacpofgguration, and anatyng
samples of one pole configuration limits the ability to make decisions based on other
pole-configurationsNEMA commented that designs significantly vary across-pole
configurations, especialiegardingorque characteristicNEMA, No. 54 at pp. 26, 66
67) NEMA also stated that the purpose of the engineering analysis is not necessarily to
determine the Areasons for efficiency i mproyv
be improved in accordance with meeting the requarEsiof being technologically
feasible and economically justified per 42 U.S.C. 6295(0)(A) and (B). (NEMA, No. 54 at
p. 26) Baldor also commented on scaling across pole configurations, saying that the rotor
diameter grows as the pole number increases hwhayy cause higher losses Hp@le
motors compared to other pole configurations covered in this rulemaking. (Baldor, Public

Meeting Transcript, No. 60 at pp. 130, 131)

As mentioned earlier, DOE is assessing energy conservation standards for 580
equipmentlasses. Analyzing each of the classes individually is not feasible, which
requires DOE to select representative units on which to base its analysis. DOE
understands that different petenfiguratiors have different design constraints
Originally, DOE setcted only 4pole motors to analyze because they were the most
common allowing DOE tomost accurately characterimetorbehaviorat the pole

configuration consuminthe majority of motor energydditionally, by holding pole
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configuration constant acrogs representative units, DOE would be able to develop a
baseline from which to scalBy maintaining this baselirend holding all other variables
constantDOE is able tanodify the horsepower of the various representative units and

isolate which effiaency effects are due to size

As discussed in sectidi.C.8, DOE has used the simpler of two scaling
approaches presented in the preliminaryysislbecause both methods Isaahilar
results This simpler approach does not require DOE to develop a relationshiyp&oe 4
motors from which to scaleFurthermore, DOE notes that the scaling appraesélected
mirrorst he scal i ng | aGld20ldtablesin whicH\aEldast & subsét of
the motors industry has already presented a possible relationship between efficiency and
pole countDOE has continued to analyzepdle electric motors because they are the
most common and DOE believes ththiodthe efficiency levels it has developed are

technologically feasible.

d. Enclosure Type

The final equipment class setting criterion that DOE considered when selecting its
representative units was enclosure typa the preliminary analysis, DOE elected to
analyze electric motors with enclosed designs rather than open designs for all of its
representative units. DOE selected enclosed motors because, as witbrgigerations,
these motors have higher shipmehtst open motors. Again, DOE did not alternate

between the two design possibilities for its representative units because it sought to keep
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design characteristics as constant as possible in an attempt to more accurately identify the

reasons for efficiency iprovements.

NEMA commented that DOEOGs anal ysis di
enclosure type as it relates to efficiency, and that the NEMAIMi@me designations
for open frame motors are often in a smaller frame series than an ericisaednoto
of the same horsepower rating. NEMA and Baldor commented that there is generally a
lower efficiency level designated for opgame motors, and that there is no direct
scaling relationship between the efficiency standards for open motors relativeoseencl
frame motors in the scope of this rulemaking. (NEMA, No. 54 at p. 68; Baldor, Public
Meeting Transcript, No. 60 at p. 131) Baldor recommended that DOE analyze motors of
different enclosures in order to understand the difference between achievaideeffi
levels in open and enclosed electric motors. (Baldor, Public Meeting Transcript, No. 60 at
pp. 131132) NEMA commented that the engineering analysis should be supported by the
testing and analysis of both open and enclosed frame motors. (NEMA4 dbp568)
Finally, NEMA commented that by not selecting representative units with different
enclosure types, DOE fails to meet the statutory requirement that any prescribed amended
or new efficiency standards are in fact technically feasible, pratdicaanufacture, and
have no adverse impacts on product utility or product availability. (NEMA, No. 54 at pp.

68-69)

DOE acknowledgeshe comments from interested parties regarding enclosure

type and its selection of representative units. The final equipof&ss setting criterion
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that DOE had to consider when selecting its representative units was enclosure type. For
the preliminary analysis, DOE analgrzenly electric motors with totally enclosed, fan

cooled (TEFC) designs rather than open designsifof #ab representative units. DOE
selected TEFC motors because, as with pole configurations, DOE wanted as many design
characteristics to remain constant as possible. DOE believed that such an approach would
allow it to moreaccuratelypinpointthe factos that affect efficiencywhile DOE only

analyzed one enclosure typenotesthatitiss cal i ng f ol |l ows NEMAGs ef f
(Table 1211 and Table 1-22), which already map how efficiency changath

enclosure typeFinally, TEFC electric motors repsented more than three times the

shipment volume of open motors. DOBoSeELSs that correspond to the tables of

standards published M E M A BIG 1-2011and to efficiency bands derived from those

tables preservinghe relationship betweed E MA 6 s rdsforeoped and enclosed

motors

In the preliminary analysis, DOE stated that, given the same frame size, open
motors are more efficient than enclosed motors. NEMA commented that DOE should not
compare open and enclosed motors in the same frame size EMBEMG 1
specifies larger frame sizes and a higher service factor for enclosed motors of a given
rating than it does for open motors. NEMA added that TEFC motors have a fan which
adds to the friction and windage losses, and even with this fan the TEBEG ran have
higher efficiencies than open frame motors of the same horsepower and pole
configuration. (NEMA, No. 54 at p. 41) DOE appreciates the clarification and has altered

its discussion in chapter 3 of the TSD.
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3. Efficiency Levels Analyzed

After selecting its representative units for each electric motor equipment class
group, DOE examined the impactstbtie cost of improving the efficiency of each of the
representative units to evaluate the impact and assess the viability of potential energy
conservation standards. As described in the technology assessment and screening
analysis, there are numerous designonyst available for improving efficiency and each
incremental improvement increases the electric motor efficiency along a continuum. The
engineering analysis develops cost estimates for seafficincylevels ELs)>® along

that continuum.

ELs are often hsed on(1) efficiencies available in the market; (2) voluntary
specifications or mandatory standards that cause manufacturers to develop equipment at

particular efficiency levels; and (3) the miach level.

Currently, there are two energy conservastandard levels that apply to various
types of electric motorsn ECG 1, somenotorscurrentlymustmeet efficiency standards
that correspond to NEMAMG T 2 0 1 1 -Th(bel, BPAQT21992 leveld, others
mustmeet efficiency standards that correspanlEMAMG 11 2011 -TLa(kel, e 12
NEMA Premium levels), and some are natrentlyrequired to meet any energy
conservation standard leveBecause DOE cannot establish energy conservation

standards that are less efficient than current standards (hee -Hiamk S| i di ngo

3 For the purposes ofthe NOPRa |l ysi s, the term fAefficiency |levelod (E
Candidate Standard Level (CSL) in the preliminary analysis.

> EPACT 1992 only established efficiency standards for motors up to and including 200 hp. Eventually,

NEMA MG 1-2011 added a tédn 20-A, which functionedas an extension of Table-14. So, although

EPACT 1992 is a slight misnomer, DOE is using it to refer to those ELs that were based on Tldble 12
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provision at 42 U.S.C. 6295(0)(1) as applied via 42 U.S.C. 6316(a)) but ECG 1 includes

both currently regulated and unregul ated el e
respective EPACT 1992 or NEMA Premium standard as the badefiftLs 1 and ZFor

ECG 1, DOE establishedh &L that corresponded to each of these levels, Biitl®) as

the baseline (i.e., the lowest efficiency level availdbteinregulated motors and EPACT

1992 or NEMA Premium, as applicable, for currently regulated moptksl as

equivalent to EPACT 1992 levelsr NEMA Premium, as applicable, for currently

regulated motorslandEL 2 as equivalent to NEMA Premium levefsdditionally, DOE

analyzed twdeELs aboveEL 2. One of these levels was the miaxh level, denoted &4

4 and one was an incremental level that approximated -anbesirket efficiency level

(EL 3). For all equipment classes within ECGELL3wasaondibando i ncrease in
NEMA nominal efficiency relative to NEMA Premiumaitt 4 was a two fAband
increase” For ECG 3 and 4, DOE used the sdBhs with one exception for ECG 3

Because fire pump electric motors are required to meet EPACT 1992 efficiensy leve

and those are the only motors in that equipment class group, EPACT 1992 levels were

used as the baseline efficiency level, which means that fire pump electric motors have
onefewelEL t han ECGs 1 and 4 f oFollopingtheoses of DOE
preliminary analysis, DOE adjusted one riagh Design B representative unit level (5

hp) after receiving additional dafBhis allowed this unit to be based more on physical

models for the NOPR analysis, thereby reducing exposure to modeling €aiolesV .9

andTablelV.10show theELs for ECGs 1, 3and 4

%> Because motor efficiency varies from unit to unit, even within a specific mNEAIA has established a

list of standardized efficiency values that manufacturers use when labeling their motors. Each incremental

step, or fAband, 0 constitutes a 1201lprabiedZOrcontaioshange i n 1
the list of NEMA nomirl efficiencies.
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Table V.9 Efficiency Levels for Equipment Class Groups 1 and 4

Represgntative EL O EL1 (NEIIE_I\i A (BEeI;t-?n- EL 4
Unit (Baseline) | (EPACT 1992) Premium) Market*) (Max-Tech)
(ECG5 fgnd | 825% 87.5% 89.5% 90.2% 91.0%
(ECgolhgnd ay| 895% 92.4% 93.6% 94.1% 94.5%
(ECC5751 g?ﬂy**) 93.0% 94.1% 95.4% 95.8% 96.2%

* Bestin-market represents the best or near best efficiency level at which current manufacturers are
producing electric motors. Although these efficiencies represent thinbrastrket values found for the
representative units, but when efficiency wadest#o the remaining equipment classes, the scaled
efficiency was sometimes above and sometimes below thénbestrket value for a particular rating.

*ECG 4 does not have a #torsepower representative unit because DOE was unable to find brake motors
built with such a high horsepower ratirithe maximum horsepower rating for ECG 4 ist&@sepower.

Table IV .10 Efficiency Levels for Equipment Class Group 3

EL1 EL 2
. . ELO . EL 3
Representative Unit (NEMA (Bestin- _
(EPACT 1992) Premium) Market*) (Max-Tech)
5 hp 87.5% 89.5% 90.2% 91.0%
30 hp 92.4% 93.6% 94.1% 94.5%
75 hp 94.1% 95.4% 95.8% 96.2%

For ECG 2, DOE took a similar approdardeveloping it€Ls as it did for ECG
1, but with two primaryifferencesFirst, when DOE examined catalog data, it found
that no NEMA Design C electric motors had efficiencies below EPACT 1992 levels,
which is the current standard for all covered NEMA Design C electric méiwssr D OEOG s
representative units, also found no catalog listings above the required EPACT 1992
levelsAddi ti onally, when DOEG6s subject matter
motors, the model would only generate designs at NEMA Premium levels and one

incremental level above that while mainiag proper performance standardberefore,
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ECG 2 only contains thrdel.s: EPACT 1992KL 0), NEMA Premium EL 1), and a

maxtech level EL 2).

These ELs differed slightly from the CSLs presented in the preliminary analysis
for ECG2. In the preliminary analys&s,CSL for the 50 hp unit existed between two
industry standard levels order to provide greater resolution in selection of a standard
(NEMA MG-1 Table 1211 andTable 1212). For the NOPR analysis, this level was
removed so that the ELs analyzed would align Wables 1211 and 1212. For the 5 hp
rep unit, DOE also removed one preliminary analysis ,@®lich was intended to
representth ibest i n mar ket o | eAfterlfurthemmarkdt e pr el i mi
research, DOE found that few Design C motors are offered above the baseline, and those
that were mainly met the NEMA premium level, without going higher in efficieibcy
determined hat f or t he NOPR analysis, tlevel previ ou

was not applicableThe ELs analyzed fd&ECG2 in the NOPR are shownTiablelV.11

Table V.11 Efficiency Levels for Equipment Class Group 2

Representative Unit EL1 EL 2 EL 3
P (EPACT 1992) (NEMA Premium) (Max-Tech)
5 hp 87.5% 89.5% 91.0%
50 hp 92.4% 93.6% 94.5%

In response to its preliminary analysis, DOE received multiple comments
regarding CSLINEMA and Baldor expressed confusion over the fact that the CSLs for
ECG 2 do not align with the CSLs from EQ¢Gand requested that DOE line up CSLs
across different EGs in an effort to avoid confusion when discussing the CSLs.

(NEMA, No. 54 at p. 73Baldor, Public Meeting Transcript, No. 60 at pp. 171,)172
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DOE understands NEMAOGOs concerbBishowevay,dr di ng

has maintained its approaatr the NOPR analysi®DOE examines each ECG
independently, and because different motor types have different baselirtéls, the

numbers do not always align.

NEMA also asked if the baseli@SL developed for ECG 1, which was
developed based on an analydisertical, hollowshaft motors, included losses related
to testing those motors with thrust bearifgEMA inquired because, at the time of its
comment, DOE had not yet published the test procedure NOPR, indicating how these

motor types might be testedNEMA, No. 54 at pp. 7472, 77)

DOE clarifies that the vertical holloghaft motors purchased and used to
determine the baseline efficiency level for ECG 1 contained bearings capable of
horizontal operation. Therefore, DOE tested these motors in a htatizonfiguration
without any modifications to the bearindglditionally, when tested, soldhafts were
welded inside the hollowshaftto permitthe motor to be attached to a dynamometer for

testing. These modifications are in line with the proposalgdudrcal hollow shaft

t

h

motors as described i n DOEG®GSsS78ER3®866{June c mot or s

26, 2013.

During the preliminary analysis public meeting, NEMA noted that the CSL 5
softwaremodeled efficiency was 96.4 percent and should have been assigned a NEMA
nominal efficiency level of 96.2 percent rather than 96.5. (NEMA, No. 54 at p. 80)

NEMA and Baldor dded that CSL 5 should not be included in any engineering analysis

152



because of the infeasibility of casbpper rotors, and th&SL 4 is the proper mabech

level when CSL 5 is eliminated from considerati(MEMA, No. 54 at p. 73; Baldor,

Public Meeting Tanscript, No. 60 at p. 17The Efficiency Advocateslso expressed
concern about some of the CSLs analyzed by DOE and questioned the viability of CSL 3
The Efficiency Advocatenoted that some of the CSL 3 designs were at the very limits of
critical mobr performance parameters, suchog&edrotortorque and currenthe

Efficiency Advocatesdded that DOE has not tested motors that perform at the levels
that would be required by CSL 3, 4, and\Gthout having done so, DOE cannot verify

the predictegberformance of its representative units. (NPCC, No. 56 at pp. 4, 5)

As discussed, DOE has remov&ld 5 from consideration in the NOPR analysis
but it has not eliminated the use of copder cast rotor technology (s€é.1). With
regards to the comments frahre Efficiency AdvocatesDOE notes thaEL 3 for ECG 1
is based on teardown data from commercially available motors, as it was for the
preliminary analysisAdditionally, for the NOPR, DOE has tested a uniEa#4 for one
of its representative unitsurthermore, DOE has found many instances of electric motors
being sold and marketed one or two NEMA bands of efficiency above NEMA Premium
which suggests that manufacturers have extended technological performance where they
perceived market demand for higher efficienciesther wordsPOE has seeno
evidencesuggestindghat the absence of products on the market at any given EL implies
that sich products could not be developed, were there sufficient dem@&tticontends

that all of theELs analyzed in its engineering analysis are viable because equipment is
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currently commercially available at such lev&lnd, to the extent possibleas been
i ncluded i n.DODbwWecemesaaommnent sn tre limits of technology,

especially as it varies by equipment class.

Additionally, NEMA and Baldor commented on the design options analyzed for
the various CSLINEMA and Baldor stressed thadt using a common design option
across all CSLs may result in a reduction of available product. (NEMA, No. 54 at pp. 3,
27, 73; Baldor, Public Meeting Transcript, No. 60 at pp-169, 176178)NEMA
indicated that it is a standard practice of manufacéureminimize the number of types
of electrical steel used at a manufacturing facility and that typically a single type of
electrical steel may be used for all electric motors manufactured at the facility. NEMA
added that DOE should account for this gibrawhen performing engineering analyses
such that a common type of electrical steel is used for the different NEMA design types
covered by a common CSL. (NEMA, No. 54 at p. REMA added that although
NEMA Design C motors constitute less than 1 peroétwtal motor shipments, the
electrical steel and dieast rotor material used for manufacturing NEMA Design C
electric motors is taken from the same inventory as used for NEMA Design B electric
motors Therefore, they contended that DOE should selectahes material types for
NEMA Design C motors as it does for NEMA Design B motors. (NEMA, No. 54 at p.
65, 74) Finally, NEMA stated that it did not understand why DOE used different steels

and rotor conductors for CSLs 4 and 5 in some of the ECG 1 retagemnits but not

*® DOE understands that this is not true for every equipment classes covered by this rulemaking, but has not
seen evidence to suggest that the absence of equipment in any particular classes is not due to lack of market
demand instead of tenological limitations.
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in others. (NEMA, No. 54 at pp. 3, 72; Baldor, Public Meeting Transcript, No. 60 at p.

120)

As noted earlier, DOE has restructuredsts for the NOPR analysi©ne
consequence of this restructuring is that DOE no longer mixescaxting technologies
for a givenEL. However, DOE does not limit the number of electrical steels used at a
givenEL to one DOE understands that manufacturers try to limit the number of
electrical steels at a given manufacturing facility, but most manuwésthave more than
one manufacturing facilitylfherefore, manufacturers could produce motors with multiple
grades of electrical steéddditionally, DOE believes that this approach is in line with
current industry practicéor its analysis, DOE obtain@dlultiple units for teardowns
from the same manufacturéifter a steel analysis was conducted on its teardowns, DOE
found that one manufacturer utilized multiple grades of steel, both dfiresgithin a
representative unit and across representative withg an EL. Finally, DOE believes
that the restructuring of tHels should also address concerns over the technology
differences between preliminary analyBiss 4 and 5 because in the NOPR analysis
there is ncEL 5. DOE has updated chapter 5 of the Ti8Dnclude as pertinent design

data.

During the preliminary analysis public meeting, ACEEE commented that new
energy conservation levels would have to be raised by at least two NEMA bands because
an increase of only one NEMA band is not statisticallpificant. (ACEEE, Public

Meeting Transcript, No. 60 at p. 168) DOE disagrees with this assessitiemtigh the
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unit-to-unit efficiency of a specific electric motor design may vary by multiple NEMA
bands of efficiency, an increase in the required effaydavel by one band would be
significant If efficiency standards are raised by one NEMA band, there is no evidence to
suggest that manufacturing practices would change such that the distributiontof unit
unit efficiencies for a given motor design wogliange Therefore, if the required

efficiency standard were changed by one band of efficiency, one would assume that the
entire population of motors of a given design would shift by one band of efficiency as

manufacturers begin to produce motors arouhigjlaer mean value.

Finally, NEMA commented that another important factor for defining CSLs is the
ability for CSLs to provide efficiency values to be used in the scaling process and that it
is important that the relative difference between the efficisatyes for CSLs is selected
such that the relativity is maintained across all of the representative units if it is to be
applied by scaling to all electric motors included in an ECG. In other words, NEMA
argueghatCSLs must be chosen carefully to correspond with similar technologies and
materials across the range of scaling (i.e., the entire equipment class) and that they should
not be chosen to merely to align with NEMAOGS
No. 54 at p. 73Responding to this concerfioy eachEL above the established NEMA
Premium levelsDOE has incremented efficiency by one nominal band for all equipment
classesThis equates to, roughly, a 10 percent decrease in motor losses for all equipment

classes for each jump EL.
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4. Test and Teardowns

Whenever possible, DOE attempted to base its engineering analysis on actual
electric motors being produced and sold in the market tdtesy, DOE identified
electric motors in manufacturer catalogs tiegresented a range of efficiencies
corresponding to thELs discussed in the previous sectiddext, DOE had the electric
motors shipped to a certified testing laboratory where each was tested in accordance with
IEEE Standard 112 (Test Method B) to veiits nameplateated efficiencyAfter
testing, DOE derived production and material costs by having a professional motor
laboratory’ disassemble and inventory therchaseelectric motors. For ECG 1, DOE
obtained teadown results for all of the-BorsepwerELs and all of the 30and 75
horsepoweELs except the matech levelsFor ECG 2, DOE obtained tedown results

only for the baselin€&L, which corresponds to EPACT 1992 efficiency levels.

These teadowns provided DOE with the necessary dateotastruct a bill of
materials (BOM), which, along with a standardized cost model and markup structure,
DOE could use to estimate a manufacturer selling price (M3PE paired the MSP
derived from the teadown with the corresponding nameplate nominatedficy to
report the relative costs of achieving improvements in energy efficien@ykE 6 s
estimates of material prices came from a combination of current, publicly available data,
manufacturer feedback, and conversations with its subject matter ekjies.

supplemented the findings from its tests and-tavns through: (1) a review of data

*"The Center for Electromechanics at the University of Texas at Austin, a 140,000 sq. ft. lab with 40 years
of operating experience, performed the teardowns, which were overseen by Dr. Angelo Gattozzi, an electric
motor expert wittprevious industry experience. DOE also used Advanced Energy Corporation of North
Carolina to perform some of the teardowns.



collected from manufacturers about prices, efficiencies, and other features of various
models of electric motors, and (2) interviews with manufacturers about thegieetin

and associated costs used to improve efficiency.

As discussed earlier, DOEOGOS engineering a
and associated costs when improving electric motor efficiency from the baseline level up
to a maxtech level. This inclues considering improved electrical steel for the stator and
rotor, interchanging aluminum and copper rotor bar material, increasing stack length, and
any other applicable design options remaining after the screening analysis. As each of
these designoptisn ar e added, the manufacturerds cost
efficiency improvesDOE received multiple comments regarding its test anedean

analysis.

NEMA commented that the cost for manufacturing an electric motor can increase
as the eftiency level is increased even when the material and technology is not changed
It added that an increase in core length, without any change in the material used, will
result in a higher cost not only due to the increase in the amount of steel, buteateo d
the increase in the amount of wire for the stator winding and aluminum for the rotor core
(NEMA, No. 54 at p. 74) Notwithstanding, DOE believes that it has accurately captured
such change®Vhen each electric motor was torn down, components suglecscal
steel and copper wiring were weighdtherefore, any increase in stack length would
result in increased costs associated with the increased amount of electrical steel and

copper wiring.
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NEMA also commented that the best known valueffdiency for a tested and
torn down motor is the tested efficiency and the accuracy of this value improves as
sample size increasd®ecause DOE only used a sample size of one, NEMA
recommended that DOE should increase its sample size to somethingatistiealy
significant. (NEMA, No. 54 at p. 75) NEMA also referred to the small electric motors
rulemaking and said that a sufficient sample size for testing was proven to be necessary.
(NEMA, No. 54 a p. 27) NEMA also commented that Appendix A to Sulthpa
designates the appropriate sample size to support the conclusion that thaatacthe
efficiency of a motor is correctly stated. (NEMA, No. 54 at p. 79) NEMA and Baldor
added that Appendix A to Subpart U requires the determination of a standaredeviat
from the sample, and it is not possible to determine a standard deviation when testing a
sample of one motor, which was the sample si

54 at p. 79; Baldor, Public Meeting Transcript, No. 60 at p. 154)

DOE agrees thizan increased sample size would improve the value of efficiency
used in its analysis, but only if DOE were using an averagéoful efficiency value, as
it did for the small electric motors rulemaking engineering analysis, which did not have
the benefiof NEMA-developed nominal efficiencyvaludsor t odayds anal ysi s
did not use the tested efficiency value and believes that to do so would be erroneous
precisely because it only tested and tore down one unit for a given representative unit and
EL. Rather than using an average efficiency of a sample of multiple units that is likely to

change with each additional motor tested, DOE elected to use the nameplate NEMA



nominal efficiency givenDOE understands that this value, short of testing data, is the
most accurate value to use to describe a statistically valid population of motors of a given
design; that is, in part, why manufacturers use NEMA nominal efficiencies on their

mot orsd6 namepl ates

Furthermore, when DOE conducts its tdawns, the bill omaterials generated
is most representative of the tested value of efficiency, not necessarily the NEMA
nominal valueHowever, DOE believes that the variance from-tivtinit, in terms of
materials, is likely to be insignificant because manufacturersdmairgentive to produce
equipment with consistent performance (i.e., characteristics other than efficiency) as
possible Changes in the tested efficiency are likely to occur because of variations in
production that motor manufacturers have less conten (@:g., the quality of the
electrical steel)DOE does not believe that the amount of material (in particular
electrical steel, copper wiring, and diast material) from unio-unit for a given design
is likely to change significantly, if at all, bacse manufacturers have much greater
control of those production variabl@herefore, additional tests and tekwns are
unlikely to change the MSP estimated for a given motor design and DOE believes that its

sample size of one is appropriate.

In the préiminary engineering analysis, DOE replaced a-tgawn result with a
software model for CSL 2 of its 3@brsepower representative unit because it believed
that it had inadvertently tested and torn down a motor with an efficiency equivalent to

CSL 3 DOE moted that it removed the tedown because there was conflicting efficiency
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information on the website, in the catalog, and on the physical nameplate. Subsequently,
NEMA and Baldor commented that the-BOrsepower, CSL 2 motor should not have

been replacedith a softwaremodeled motarstating that the test result was statistically
viable. (NEMA, No. 54 at pp. #89; Baldor, Public Meeting Transcript, No. 60 at pp.
150-155) NEMA and Baldor also asserted that DOE had placed emphasis on the use of
purchasednotors in its analysis only when the tested value of efficiency was less than or
not significantly greater than the marked value of NEMA efficie(iS§MA, No. 54 at

p. 80; Baldor, Public Meeting Transcript, No. 60 at 6, 157)

DOE understands thdié test result may have been viable for either of the
efficiency ratings that the manufacturer had assigG@cen the uncertainty, however,
DOE elected to replace the matBXOE did not discard the unit simply because it tested
significantly above its naaplate efficiencyRather, the motor was listed with different
values of efficiency depending upon the source and when torn down, the resulting MSP
was higher than the MSP for the next CShese facts suggested that the calculated
results were erroneougdrause it is unlikely (based on available data) that it would be
cheaper to build a more efficient motor than a less efficient one of comparable
specificationslf DOE had included these data in its analysis, it would likely have
resulted in a projectiormat even higher CSLs would be economically justifiguoe
combination of these factors resulted in DOE eliminating that motor from the analysis
For its updated NOPR engineering analysis, DOE has tested and torn down a new 30
horsepower motor to describ&C 2 As stated previously, DOE always prefers to base

its analysis using motors purchased in the market when possible.
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NEMA commented that the disproportionate variation in frame weights between
the CSLs suggests that the CSLs of some representatigenané not of similar
construction. (NEMA, No. 54 at p. 78) When selecting motors fordeam, DOE
selected motors with increasing efficiencies. These motors may not have used the same
frame materialFor example, the CSL O for the -B@rsepower represttive units was
made out of cast aluminum, but CSludit usedcast iron. This material change accounts

for the large difference in frame weight.

During the preliminary analysis public meeting, Nidec requested clarification for
the increase in stator gper weight for the Zhorsepower, ECG 1 representative unit
between CSL 2 and CSL 3 since the reported slot fills were the same and the motors had
similar stack lengths. (Nidec, Public Meeting Transcript, No. 60 at pp. 164, 165) After
D O E 6 s-dowrelabaetermined that the toiown motors were machingound a
precise measurement of the slot fill was not takdimough the actual measurement of
slot fill has no bearing on the estimates of the MSP, because the actual copper weights
were measured and nmdlculated, DOE did ask its lab to provide actual measurements of

slot fill on any subsequent tedownsand has included the data in chapter 5 of the TSD.

5. Software Modeling

In the preliminary analysis, DOE worked with technical experts to develop certain

CSLs, in particular, the mabech efficiency levels for each representative unit analyzed.
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DOE retained an electric motors subject matter expert ($MEh design experience

and software, who prepared a set of designs with increasing efficiency. The SME also

checked his designs against tdawn data and calibrated his software using the relevant

test results. As new desredthasthewerticae cr eat ed, C
performance characteristics that define a NEMA design letter, such as-lot&ed

torque, breakdown torque, pulp torque and lockerbtor currents were maintained. For

a given representative unit, DOE ensured that the modeled@lactors met the same

set of torque and lockemtor current requirements as the purchased electric motors. This

was done to ensure that the utility of the baseline unit was maintained as efficiency

improved. Additionally, DOE limited its modeled staekgth increases based on

teardown data and maxi mum ACO di Mensions f ou

In response to the preliminary analysis, Baldor and NEMA requested clarification
on how DOE compared its software modeled results to the electric ntabistad
tested and torn down. (NEMA, No. 54 at p. 74; Baldor, Public Meeting Transcript, No.
60 at p.148) NEMA requested that more details regarding that comparison and the name
of the software program used to be included in an updated technical sugportent.
(NEMA, No. 54 at p. 12) Per the request of NEMA and Baldor, DOE has provided

comparisons of software estimates and tested efficiencies in appendix 5C of the TSD.

%8 Dr. Howard Jordan, Ph.D, an electric motor design expert with over 40 years of industry experience,

served as DOEéxpertsubj ect matter

*The ACO di mension of an electric motor is the | ength
end of the opposite sidebés fan cover guard. Essenti al
electric motor including its shagixtension.
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Additionally, the software program that DOE used for its analysis is a proprietary

software program called VICA

NEMA expressed concern over efficiency standards based on the software
platform DOE used and stated that DOE should build working prototypes of its software
modeled motors to prove the designs work. (NEMA, No. 54 at pR52hd 7475)

Baldor reiterated this point in verbal comments and suggested that this was particularly
important for CSLs with copper rotor designs given their concerns with copper rotor
motors. (NEMA, No. 54 at pp. 767; Baldor Public Meeting Transcripdo. 60 at pp.

160, 161)During the preliminary analysis, DOE approached motor laboratories in an
attempt to prototype its software models. DOE was unable to identify a laboratory that
could prototype its software modeled motors in a manner that woultlyeregdicate the
designs produced (i.e., they could notdist copper). Consequently, at this time, DOE
has not built a prototype of its software models. However, DOE was able to proeure a 5
horsepower NEMA Design B dieast copper rotor motor with affieiency two NEMA
bands above the NEMA Premium level. Therefore, DOE elected to use this design to

representhe maxtech ELfor the 5horsepower representative unit in equipment class

group 1, rather than the softwareodeled design used in the preliming anal ysi s.

SME used information gained from testing and tearing down this motor to help

corroborate the software modeling.

In the preliminary analysis, DOE indicated that its software modeling expert made

changes to his software designs basedata cbllected during the motor teardowns.

VI CA stands for fAVeinott Interactive Computer
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NEMA commented on this and asked why DOEOGSs s
changes to some of his designs based on teardown data. (NEMA, No. 54 at p. 75) DOE

clarifies that the software program was updated usingdiaddi teardown data (e.qg.,

more accurate dimensions and material types) to maintain as many consistencies in

design as possi bl e. For example, DOEOGsSs softw

diameters measured during the teardowns as limits for the softveales.

In submitted comments, NEMA noted that the NEMA nominal efficiency for the
softwaremodeled motors was derived by selecting the value that was lower than the
calculated efficiency. NEMA questioned this approach and added that assigning a value
of NEMA nominal efficiency based on a calculated value of efficiency requires more
knowledge than merely selecting the closest NEMA nominal value that is lower than the
calculated value. (NEMA, No. 54 at p. 76) DOE notes that it selected the closest NEMA
nominal effciency that is less than or equal to the predicted efficiency of the software for
multiple reasons. First, DOE wanted to maintain the use of nominal efficiency values to
remain consistent with past electric motor efficiency standards. Second, DOE chose a
value below its software estimate because this method would peowidee
conservative approacBOE believes its approach was appropriate given the various

concerns raised with copper rotor motor technologies.

During the preliminary analysis public meegf, RegalBeloit commented that

calibration of the softwarenodeled motors is extremely important. ReBaloit added

that the calibration of select models is very important due to the amount of interpolation
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that DOE is basing on these models. (R&gbit, Public Meeting Transcript, No. 60 at

p.1591 6 0) Al luding to copper rotor motor s, N E
modeling, claiming that verifying the accuracy of a software program with respect to

performance obtained from testing purchased matoes not verify the accuracy of the

software program when it is used for a technology which has not been verified by tests.

(NEMA, No. 54 at p. 76; Baldor, Public Meeting Transcript, No. 60 at p. 160, 161) DOE
appreciates these comments and, as stated,dmalucted calibration of its software

program using data obtained from motor teardowns. DOE has provided comparisons of

software estimates and tested efficiencies for both aluminum and copper rotor motors in

appendix 5C of the TSD.

NEMA commented thathe preliminary TSD did not show that the software
platform DOE used had been substantiated as being sufficiently accurate for motors
incorporating existing and new technologies. (NEMA, No. 54 at p. 12) NEMA asserted
that it is necessary to substantiate software platform used for modeling as an alternate
efficiency determination method (AEDM) such that the calculated efficiencies can be
verified as accurate for the types of technologies included in a motor design. NEMA
urged that DOE substantiate thétaare platform used by its SME as an AEDM.

(NEMA, No. 54 at p. 76) Baldor added that DOE expects manufacturers to prototype five
motors to certify a program, but DOE has not designed and built any of the motors
designed in its own program. (Baldor, Pulteeting Transcript, No. 60 at p. 162) Nidec
commented during the public meeting, asking if the software modeling suite DOE used

has gone through the same scrutiny that manufacturers are subject to when they must
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submit their 25 samples to correlate tlestimated computer data with actual testing

data. (Nidec, Public Meeting Transcript, No. 60 at p. 147)

DOE understands the comments received regarding its software program, but
maintains that substantiation of an AEDM is a concept intended for certdgmgliance
with energy efficiency standards. It is a tool that manufacturers use to help ensure that the
equipment they manufacture comply with a Federal standard (which is the
manufacturersodé duty). 't i s notyeflicencgol f or a
level under consideration by DOE satisfies the EPCA criteria. Accordingly, the use of the
AEDM in the manner suggested by industry would not be relevant for the purposes of

this engineering analysis, whmaking. i s geared t

NEMA also commented that to properly determine the impact of increased
efficiency on motor utility, DOE must recognize the consequences of how motor
performance, including parameters such as acceleration, safe stall time, overspeed,
service factgrthermal performance, andfash current will be affected by more
stringent energy conservation standards. NEMA also specifically referred to performance
characteristics found in NEMA MG 1 sections 12.44, 12.45, 12.48, 12.49, 12.53, 12.54,
and 12.56. (NKIA, No. 54 at pp. 5, 77) NEMA added that the narrow margin between
the NEMA MG 12011 limits forlockedrotor current and the calculatéockedrotor
current for some of the softwaneodeled designs in the preliminary analysis suggest that
there will be poblems with these motors meeting the NEMA MG 1 limits if they were

prototyped. (NEMA, No. 54 at p. 77) Finally, NEMA indicated that two of the DOE



softwaremodeled motors in the preliminary analysis, representing thei&epower

CSLs 4 and 5 for ECG bad torque ratings twice that of a U.S. Armyht&sepower

electric motor software model |, and suggested
analysis are not accurate in modeling copper rotor motor performance. (NEMA, No. 54 at

p. 77)

DOE hascarefullyconsideredl E MA 6 s ¢ o nisrupdatedsNOPRanalysis.
As noted, DOE has eliminated designs from its preliminary analysis because of concerns
regarding the feasibility of those efficiency levels. Regarding the additional performance
parameters, DOE agreéhat these characteristics must be maintained when improving an
el ectric moHaveversthepdrforinance paramgters DOE believed to
present the largest risk of rendering a motor noncompliant with NEMA RG11
standards were those relatedt NEMA design | etter, which were
modeling efforts. Based on comparisons of motor teardowns and software estimates,
DOE has no reason at this time to believe that its modeled designs would violate the

additional performance parametersnti@ened by NEMA.

DOE believes that its subject matter expert, who has been designing electric
motors for several decades, is well qualified to understand the design tradeoffs that must
be considered. Although t he Sfideatsnotgrr i mary t a
using various technologies, it was of critical importance that the designs be feasible. Even
though DOE was unable to prototype its modeled designs, DOE has conducted

comparisons of software estimates and tested efficiencies for both ataanticopper
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rotor motors and believes this corroborates the modeled deBigexd on this work and
its total analysis, which included input from its SME, DOE believes it developed a

sufficiently robust set of technically feasible efficiency levels ®eitgineering analysis.

NEMA asked how DOE intended to take into consideration motor utility as motor
size increases. (NEMA, No. 54 at pp. 23, 24) During the preliminary analysis public
meeting, Baldor asked if the higher CSLs would fit into existing& sizes, or if those
motors would have to be redesigned to allow for the increased stack length. Baldor added
that if the frame size increases, the motor may no longer fit current applications, which
would cause additional burden for easers or originkequipment manufacturers.

(Baldor, Public Meeting Transcript, No. 60 at p. 164, 245) Baldor added that IEC frame
motors are more constrained in terms of size and space than NEMA frame motors, and it
is more difficult to increase the efficiency on IEC femotors without changing frame

size designations, which would lead to space constraint issues. (Baldor and ABB, Public
Meeting Transcript, No. 60 at pp. 245, 246) Flolo Corporation also commented on motor
length during the public meeting, insisting thasiimportant that DOE recognize the

di fference in ACO di mension that any new

as increasing the ACO di mension wil/l mak e

intended machine. (Flolo, Public Mediiiranscript, No. 60 at pp. 243, 244) The
Efficiency Advocates also commented on motor length, indicating that DOE should be
aware of absolute motor length limits when considering increased stack length, and that

these changes could greatly increase theiled cost of many of the higher CSLs,

ene
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impacting field anariginal equipment manufacturdDEM) installation. (Advocates,

No. 56 at p. 4)

In the preliminary TSD, DOE stipulated that any increase in stack length would fit
into the existing frame desigiman for that particular motor rating. DOE noted that the
frame designation does not limit frame length, but rather frame diameter. DOE also
understands that manufacturers have fibegjth frames that they use when
manufacturing motors. In addition to ggating per unit costs associated with
redesigning motors with new frames atHllls above the NEMA Premium levels (see
IV.C.6), DOE sought to maiatn motor length by limiting how much it would modify
stack dimensions to improve efficiency. First, the software models created by DOE used
lamination diameters observed during teardowns, which ensured that the software
modeled designs would fit into ekisg frame designations. However, for some designs
DOE increased the number of laminations (i.e., length of the stack of laminations, or
stack length) beyond the stack lengths observed during the motor teardowns in order to

achieve the desired efficiencgigs.

DOE limited the amount by which it would increase the stack length of its
softwmaremodel ed el ectric motors in order to pres
stack lengths used in the softwanedeledELs were determined by first analyzing the
smck | engths and 4ddwo eledtiicrmetors Thenn BOE arfalyzedalre n
ACoO di mensions of various electric motors in

design constraints as the representative units (same horsepower rating, NEMA frame
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size,enclosure type, and pole configuration). For each representative unit, DOE found the

|l argest ACO di mension currently availabl e

stack |l ength based on the stack I ength to
The resulting product was the value that DOE chose to use as the maximum stack length
considered in its software modeled designs, although DOE notes that it did not always
model a motor with that maximum stack length. In most instances, the SME w&s able
achieve the desired i mprovement in efficie
estimated maximuntablelV.12 shows the estimated maximumaitdength, the

maximum stack length found during teowns, and the maximum stack length modeled

for a given representative unit. DOE welcomes additional comments on software

modeling in general, and on specific data that could be used to calibratentzso

designs.

Table V.12 Maximum Stack Length Data

Maximum Stack

=)}

Representative Unit

Estimated Maximum
Stack Length

Length of a Torn

Maximum Stack
Length Modeled

Down Motor
30 Horsepower . . .
Design B 8.87in. 8.02in. EL 2) 7.00 in.
75 Horsepower 13.06 in. 11.331n. EL 3) 12.00 in.
Design B
5 Horsepower . . .
Design C 5.80 in. 4.75in. EL 0) 5.32in.
50 Horsepower . . .
Design C 9.55in. 8.67 in. EL 0) 9.55in.
6. Cost Model

When developing manufacturer selling prices (MSPs) for the motor designs

obtai ned f r-downsan®sofivare maels, DOE used a consistent approach
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to generate a more accurate approximation of the costs necessary to improve electric
motor efficieng. DOE deri ved the manufactureros sellir
engineering analysis by considering the full range of production argnodiiction

costs. The full production cost is a combination of direct labor, direct materials, and
overhead. Theverhead contributing to full production cost includes indirect labor,

indirect material, maintenance, depreciation, taxes, and insurance related to company
assets. Noiproduction cost includes the cost of selling, general and administrative items
(marketresearch, advertising, sales representatives, logistics), research and development
(R&D), interest payments, warranty and risk provisions, shipping, and profit factor.
Because profit factor is included in the qamoduction cost, the sum of production and
non-production costs is an estimate of the MSP. DOE utilized various markups to arrive
at the total cost for each component of the electric motor and these markups are detailed

in chapter 5 of the TSD.

a. Copper Pricing

DOE conducted the engineering anadyssing material prices based on
manufacturer feedback, industry experts, and publicly availableldatee preliminary
analysis, most material prices were based on 2011 prices, with the exception of cast
copper and copper wire pricing, which were basea fiveyear (20072011) average

price

DOE received comments regarding its copper price developMeaiC

supported DOEOGSs -ygearpricsavarage for copperamaterials end v e
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suggestedhat this method should be used whenever a commodity price shows a pattern

of irregular spikes or valleys. (Advocates, No. 56 at p. 4) Conversely, the Industrial
Energy Consumers of America (IECA) stated tinaterial costs for high efficiency
motors aresery volatile and cannot be reliably projected from a simpleyeear average,
as DOE did with copper prices during the preliminary analys&SA added thatsaa

result of using a fivg/ear average, the high efficiency motor material costs may be
highyunder esti mat ed i n DOEI&GA seggegtedithateange n g
of material costs rather than averages could better inform a range®fdiéecosts and

payback periods for each CSLECA, No. 52 at p. 3)

Based on these comments, DS Islightly modified its approachirst, DOE
added updated data for 2012 priciBgcond, rather than a fayear average, DOE
changed to a thregear average price for copper materi@®l®E made this modification

based on feedback received during martufac interviewsBy reducing to a thregear

average, DOE eliminated data from 2008 and 2009, which manufacturers believed were

unrepresentative data points due to the recedSata from those two years had the

effect of depressing the fiwgear averagealculated.

b. Labor Rate and NeRroduction Markup

In the preliminary analysis, DOE looked at the percentage of electric motors

analy

imported into the U.S. and the percentage of electric motors built domestically and based

the balance of foreign and domestic labor rates on these percentages. During the

preliminary analysis public meeting, Nidec commented that the labor rate DOE used in

17¢



its analysis seems high if that number is weighted towards offshore labor. Nidec also
agreed with DOEOG6s s mieisépewver motars, uticomneented that e
the overd markups DOE used seem to be high. (Nidec, Public Meeting Transcript, No.
60 at p. 184) WEG added to these comments, indicating that they believed DOE was
adequately addressing the cost structure variations among the different motor
manufacturers. Addivinally, WEG believed that basing a labor rate on both foreign and
domestic labor rates increases accuracy of the analysis, but warned that DOE should be
careful not encourage production moving outside the United States. (WEG, Public

Meeting Transcript, N&60 at pp. 1841.86)

At this time, DOE has elected to keep the same labor rates and markups as were
used in the preliminary analysBOE is basing this decision on additional feedback
received during interviews with manufacturers andabsence of angiternative labor

rate or markups tapply.

Finally, DOE is aware of potential cost increases caused by increased slot fill,
including the transition to handound stators in motors requiring higher slot fills. In the
preliminary analysis, DOE assigned gler labor hour to any tedown motor which it
determined to be hansound. NEMA commented that DOE did not assign a hand
wound labothour assumption to any of the telown motors, and requested clarification
about whether there were instances of hamtling in these motors. (NEMA, No. 54 at
p. 23) DOE found that none of the telwn motors were handound, and therefore no

handwinding laborhour amounts were assigned. This has been clarified in the NOPR
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analysis. Additionally, DOE has assumed thabhlts maxtech software models require
handwinding, which is reflected in its increased labor time assumptions for those motors.

For additional details please see chapter 5 of the TSD.

Il n response to DOEOGsS r equesterldborcosts o mme nt
for lower-volume electric motors, NEMA indicated that plants with few manufacturing
setup changes, because they may focus on standard motor designs with no special motors,
have the ability to produce more motors per employee, and that this case with many
offshore companies that build designs for import to the U.S. (NEMA, No. 54 at pp. 27,
28) For other companies that cater to OEMs that require special designs and small lot
production, setup changes eat into the capacity of these,artisularly in the 56/140T
through 250T frame series where there is high volume. A plant where the lot (i.e., batch)

size per order is smaller has less impact from setup.

DOE acknowledges that lowgplume products will often realize higher per unit
costs, and believes this reality is common to most or all manufacturing processes in
general. Because DOEOGs analysis focuses on t
standards, and because DOE hasvidence to suggest a significant market shift to
lower production volume in a postandards scenario, DOE expects that the relative mix
of high- and low volume production would be preserved. Indeed, because DOE is
proposing to expand scope of coverage and bring many prewviexdlyded motor types

to NEMA Premium levels, DOE sees the possibility that standardization may increase
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and average production volume may, in fact, H1¥@OE welcomes additional comment
on how standards may cause average production run volume to rise or fall, and how labor

costs may vy as a result.

c. Catalog Prices

NEMA alsorequestedhat DOE publish the purchase price for its torn down
motors, so that they could be compared to the MSPs DOE derived from its maotor tear
downs. (NEMA, No. 54 at p. 27; Baldor, Public Meeting Transcript,®0 at pp. 181,
182) At this time, DOE is electing not to include the purchase price for its torn down
motors DOE believes that such information is not relevant and could lead to erroneous
conclusions. Some of the purchased motors were more expenpivehase based on
certain features that do naftect efficiency which could skew the price curves
incorrectly and indicate incorrect tren@®r these reasons, in the engineering analysis,
DOE develops its own cost model so that a consistent costuserwetn be applied to
similar equipmentThe details of this model are availableajppendix 5ABecause DOE
purchased electric motors that were built by different manufacturers and sold by different
distributors, who all have different costs structuréSHXoes not believe that such a

comparison is a meaningful evaluation.

d. Product Development Cost
In response to the preliminary analysis, NEMA commented that DOE presumes

that the incremental cost between motors of different designs and different tea@solog

8% Labor costs may rise starkly at mech levels, where hanglinding is employed in order to maximize

sl ot fill. DOE6s engineering analysis reflects this
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is based solely on the difference in material costs and markups. NEMA also commented

that there is a higher cost of manufacturing acdist copper rotor compared to an

aluminum diecast rotor motor that is not captured in material costs. (NEMA, Nat p4

12, 74) During the preliminary analysis public meeting, ACEEE commented that the

Mot or Coalition has concerns about CSL 3 for
not have captured the full cost of an indudtgnsition to that efficiency level]ACEEE,

Public Meeting Transcript, No. 60 at p. 20)

DOE has made some additions to its cost model for the NOPR analysis based on
NEMAOG s c oHoweeen DQE clarifies that its cost model for the preliminary
analysis did include an incremental markiged to account for higher production costs
associated with manufacturing copper-dast rotorsAlthough DOE used this
incremental markup in the preliminary analysis, after conducting manufacturer interviews
for the NOPR analysis, it believed that adzh&l costs were warranted for the examined
ELs that exceeded the NEMA Premium level. NEMA commented that the manufacturer
production costs (MPCs) and subsequent LCCs must take into account the large
additional conversion costs, since manufacturers wokedilattempt to recover the costs
of meeting a higher efficiency standard. (NEMA, No. 54 at p. 4) Therefore, DOE
developed a paunit adde? for the MPCs intended to capture eiit@e increased
product development and capital conversion costs that woeld li&sult if an efficiency

level above NEMA Premium were established.

“The -dpietr a d dealinthis sectisnaafessgo a fixed adder for each motor that varies based on
hor sepower and NEMA design letter. Eacht ragdesent hai\
fixed for the analysis.



D O E 6 sunipa€dder reflects the additional cost passed along to the consumer by
manufacturers attempting to recover the costs incurred from having to redevelop their
equipment linegs a result of higher energy conservation standards. The conversion costs
incurred by manufacturers include capital investment (e.g., new tooling and machinery),
equipment development (e.g., reengineering each motor design offered), plus testing and

complance certification costs.

The conversion cost adder was only applieElte above NEMA Premium based
on manufacturer feedbadlost manufacturers now offer NEMA Premium motors for a
significant portion of their equipment lines as a result of EISA 200ih required
manufacturers to meet this level. Many manufacturers also offer certain ratings with
efficiency levels higher than NEMA Premium. However, DOE is not aware of any
manufacturer with a complete line of motors above NEMA Premium. Consequently,
DOE believes that energy conservation standards above NEMA Premium would result in
manufacturers incurring significant conversion costs to bring offerings of electric motors

up to the higher standard.

DOE developed the various conversion costs from daliected during
manufacturer interviews that were conducted for the Manufacturer Impact Analysis
(MIA). For more information on the MIA, see TSD chapter 12. DOE used the
manufacturesupplied data to estimate industsde capital conversion costs and
prodict conversion costs for eaé. above NEMA Premium. DOE then assumed that

manufacturers would mark up their motors to recover the total conversion costs over a
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seven year period. By dividing industwide conversion costs by seven years of

expected indusgrwide revenue, DOE obtained a percentage estimate of how much each
motor would be marked up by manufacturers. The conversion costs as a percentage of 7
year revenue that DOE derived for each NEMA band above NEMA premium are shown

below. Details on thesalculations are shown in Chapter 5 of the TSD.

Table IV .13 Product Conversion Costs as a Percentage ofYear Revenue

NEMA Bands Above NEMA Premium | Conversion Costs as a Percentage of 7
Revenue
1 4.1%
2 6.5%

The percentage markup was then applied to the full production cost (direct
material + direct labor + overhead) at the NEMA Premium levels to derive the per unit
adder for levels above NEMA Premium (SesblelV.14).

Table V.14 Product Conversion Costs forEfficiency Levels above NEMA
Premium.

Per Unit Adder for

Per Unit Adder for

Reprzsrﬁtma“"e 1 Band AboveNEMA 2 Bands Above NEMA
Premium Premium
5 HP, Design B $11.06 $17.36
30 HP, Design B $32.89 $51.61
75 HP, Design B $66.18 $103.86
5 HP, Design C $10.68 $16.75
50 HP, Design C $60.59 $95.08

7. Engineering Analysis Results
The results of the engineering analysis are reported as cost versus efficiency data

in the form of MSP (in dollars) versus nominal fldad efficiency (in percentage). These

form the basis for

dat a s Uablsl\é.IpthemughTabden al y s e s

IV.19s how t he r es ul tNOPReehgingeng énalysis.pdat ed
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Results for Equipment Class Group 1 (NEMA Design A and B Electric Motors)

Table V.15 Manufacturer Selling Priceand Efficiency for 5-Horsepower

Representative Unit

Efficiency Level

Efficiency (%)

Manufacturer Selling Price ($)

EL O (Baseline) 82.5 330

EL 1 (EPACT 1992) 87.5 341
EL 2 (NEMA Premium) 89.5 367
EL 3 (Bestin-Market) 90.2 402
EL 4 (MaxTech) 91.0 670

Table V.16 Manufacturer Selling Priceand Efficiency for 30-Horsepower

Representative Unit

Efficiency Level

Efficiency (%)

Manufacturer Selling Price ($)

EL O (Baseline) 89.5 848
EL 1 (EPACT 1992) 92.4 1,085
EL 2 (NEMA Premium) 93.6 1,156
EL 3 (Bestin-Market) 94.1 1,295
EL 4 (MaxTech) 94.5 2,056

Table V.17 Manufacturer Selling Price and Efficiency for 75-Horsepowe

Representative Unit

Efficiency Level

Efficiency (%)

Manufacturer Selling Price ($)

EL O (Baseline) 93.0 1,891

EL 1 (EPACT 1992) 94.1 2,048
EL 2 (NEMA Premium) 95.4 2,327
EL 3 (Bestin-Market) 95.8 2,776
EL 4 (Max-Tech) 96.2 3,620

Results for Equipment Class Group 2 (NEMA Design C Electric Motors)

Table V.18 Manufacturer Selling Price and Efficiency for 5-Horsepower

Representative Unit

Efficiency Level

Efficiency (%)

Manufacturer Selling Price ($)

EL O (Baseline/EPACT 1992) 87.5 331
EL 1 (NEMA Premium) 89.5 355
EL 2 (Max-Tech) 91.0 621
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Table V.19 Manufacturer Selling Price and Efficiency for 50-Horsepower

Representative Unit

Efficiency Level

Efficiency (%)

Manufacturer Selling Price ($)

EL 0 (Baseline/EPACT 1992) 93.0 1,537
EL 1 (NEMA Premium) 94.5 2,130
EL 2 (Max-Tech) 95.0 2,586

Results for Equipment Class Group 3 (Fire Pump Electric Motors)

Table IV.20 Manufacturer Selling Price and Efficiency for 5-Horsepower

Representative Unit

Efficiency Level

Efficiency (%)

Manufacturer Selling Price ($)

EL O (Baseline/EPACT 1992) 87.5 341
EL 1 (NEMA Premium) 89.5 367
EL 2 (Bestin-Market) 90.2 402

EL 3 (Max-Tech) 91.0 670

Table V.21 Manufacturer Selling Price and Efficiency for 30-Horsepower

Representative Unit

Efficiency Level

Efficiency (%)

Manufacturer Selling Price ($)

EL O (Baseline/EPACT 1992) 92.4 1,085
EL 1 (NEMA Premium) 93.6 1,156
EL 2 (Bestin-Market) 94.1 1,295

EL 3 (Max-Tech) 94.5 2,056

Table 1V.22 Manufacturer Selling Price and Efficiency for 75-Horsepower

Representative Unit

Efficiency Level

Efficiency (%)

Manufacturer Selling Price ($)

EL 0 (Baseline/EPACT 1992) 94.1 2,048
EL 1 (NEMA Premium) 95.4 2,327
EL 2 (Bestin-Market) 95.8 2,776

EL 3 (Max-Tech) 96.2 3,620
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Results for Equipment Class Group 4 (Brake Electric Motors)

Table 1V.23 Manufacturer Selling Price and Efficiency for 5-Horsepower
Representative Unit

Efficiency Level Efficiency (%) Manufacturer Selling Price ($)
EL O (Baseline) 82.5 330
EL 1 (EPACT 1992) 87.5 341
EL 2 (NEMA Premium) 89.5 367
EL 3 (Bestin-Market) 90.2 402
EL 4 (Max-Tech) 91.0 670

Table IV.24 Manufacturer Selling Price and Efficiency for 30-Horsepower
Representative Unit

Efficiency Level Efficiency (%) Manufacturer Selling Price ($)
EL O (Baseline) 89.5 848
EL 1 (EPACT 1992) 92.4 1,085
EL 2 (NEMA Premium) 93.6 1,156
EL 3 (Bestin-Market) 94.1 1,295
EL 4 (Max-Tech) 94.5 2,056

8. Scaling Methodology

Once DOE has identified cesfficiency relationship$or its representative units,
it must appropriately scale the efficiencies analyzed for its representative units to those
equipment classes not directly analyzed. DOE recognizes that scaling motor efficiencies
is a complicated proposition that has theeptial to result in efficiency standards that are
not evenly stringent across all equipment cladldeswever , bet ween DOEGOGS
there are 580 combinations of horsepower rating, pole configuration, and enclosure
Within these combinations there arege number of standardized frame number series
Given the sizable number of frame number series and equipment classes, DOE cannot
feasibly analyze all of these variartgence, the need for scalirf§caling across

horsepower ratings, pole configurations, enclosures, and frame number series is a
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necessityFor the preliminary analysis, DOE considered two methods to scaling, one that
develops a set of power law equations based on the relationshipsriahadEPACT

1992 and NEMA Premium tables of efficiency in NEMA Standard PublicationlMG

and one based on the incremental improvement of motor losses. As discussed in the
preliminary analysis, DOE did not find a large discrepancy between the resiiéstab
approaches antherefore, used the simpler, incremental improvement of motor losses

approach in its NOPR analysis.

As discussed iv.C.3, some of th&Ls analyzed by DOE were based on existing
efficiency standards (i.e., EPACT 1992 and NEMA Premiukdylitionally, the baseline
EL is based on the lowest efficiency levels found for each horsepower rating, pole
configuration, and enclosurepty observed in motor catalog dafaerefore, DOE only
required the use of scaling when developing theEWws above NEMA Premium (only

oneEL above NEMA Premium for ECG 2).

ForthehighetELs i n ECG 1, DOEOGs scalirdg approac
2011 Tabé 1210 of nominal efficiencies and the relative improvement in motor losses of
the representative units. As has been discussed, each incremental improvement in NEMA
nominal efficiency (or NEMA band) corresponds to roughly a 10 percent reduction in
motor lbsses. AfteELs 3 and 4 were developed for each representative unit, DOE
applied the same reduction in motor losses (or the same number of NEMA band
improvements) to various segments of the market based on its representative units. DOE

assigned a segmeott the electric motors market, based on horsepower ratings, to each
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representative unit analyzed. DOEOGsSs assi
in part based on the standardized NEMA frame number series that NEMA2EG1

assigns to horsepowenpole combinations. In the ertel. 3 corresponded to a one

band improvement relative to NEMA Premium dfld4 corresponded totao-band
improvement relative to NEMA Premiurm response to the preliminary analysis, DOE

received multiple comments regardiscaling

NEMA commented that DOE states that scaling is necessary for the national
impacts analysis, but NEMA contends that the foremost reason for the scaling is that the
scaling is used to establish the values of any amended or new efficiencydganda
(NEMA, No. 54 at p. 68) NEMA also expressed its belief that the scaling method used in
the preliminary analysis does not adequately take into consideration numbers of poles,
stack length, and frame enclosures and that scaling based on changegircgfitr
lower horsepower motor models, as interpreted by software, does not accurately reflect

what is achievable for higher horsepower ratings. (NEMA, No. 54 at p. 5)

During the preliminary analysis public meeting, Baldor commented that because
some errgy conservation levels could not be reached without using a different
technology option, at least 30 percent of the ratings in an equipment classes could not
achieve energy conservation levels above CRe2ause of this, a scaling method based
on any p@rticular set of technology is not scalable across all equipment classes. Baldor

suggested that DOE could use software modeling to check some of the motor
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configurations not directly analyzed. (Baldor, Public Meeting Transcript, No. 60 at pp.

196, 197, 20D

Nidec commented during the public meeting that scaling has too many variables,
and that manufacturers do not use scaling because it is not padsitée, Public
Meeting Transcript, No. 60 at pp. 2989) ACEEE added that there is no underlying
fundanental physical theory associated with the efficiencies listed in NEMAIN2G11

Table 1211 or Table 1212. (ACEEE, Public Meeting Transcript, No. 60 at pp.-199)

DOE appreciates the comments received regarding scaling; however, it maintains
that scalng isa toolnecessary to analyze the potential effects of energy conservation
standards above NEMA Premium leveAs stated earlier, DOE is evaluating energy
conservation standards for 580 equipment classes. DOE acknowledges that analyzing
every one oftiese classes individually is not feasible, which requires DOE twseho
representative units on which to base its analiX3E agrees with Baldor that the
primary reason for scaling is to establish efficiency levels for any potestiabr

amendedstandards for electric motors

However, DOE notes that its analysis neither assumes nor requires manufacturers
to use identical technology for all motor types and horsepower raimgther words,
although DOE may choose a certain set of technologiestiimate cost behavior across
efficiency, DOE 6 s -rettral@ardl parnut snanafacturers designn ol o gy

flexibility. DOE clarifies that the national impacts analysis is one of the primary ways in
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which DOE analyses those potential efficiency Ieand determines if they would be
economically justifiedAs DOE has stated, it is also important that the levels be
technically feasibleln order to maintain technical feasibility, DOE has maintained the
scaling approach that it developed for the priglary analysisDOE believes that this
approach, which is as conservative as possible while maintaining the use of NEMA
nominal efficiencies, accomplishes thabr each incrementdtL above the NEMA

Premium level, DOE has incremented possible efficieaegls by just one band of
efficiency. Through the use of this conservative approach to scaling, DOE believes that it
has helped conserve the technological feasibility of each Bf.&20 the greatest extent

practicable.

D. Markups Analysis

The markups angsis develops appropriate markups in the distribution chain to
convert the estimates of manufacturer selling price derived in the engineering analysis to
customerpriced @ust omer 06 refers to purchasers of
the preliminay analysis, DOE determined the distribution channels for electric motors,
their shares of the market, and the markups associated with the main parties in the
distribution chain, distributors and contractors. For the NOPR, DOE retained these

distribution clannels.

DOE developed average distributor and contractor markups by examining the
contractor cost estimates provided by RS Means Electrical Cost Dat&>2DCE

calculates baseline and overall incremental markups based on the equipment markups at

%3RS Means (2013), Electrical Cost Data, 3&tinual Edition, Kingston, MA.
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eachstep in the distribution chain. The incremental markup relates the change in the
manufacturer sales price of higher efficiency models (the incremental cost increase) to
the change in the customer price. Chapter 6 of the NOPR TSD addresses estimating

markurs.

E. Energy Use Analysis

The energy use analysis provides estimates of the annual energy consumption of
commercial and industrial electric motors at the considered efficiency levels. DOE uses
these values in the LCC and PBP analyses and in the NIA. DOBpegieenergy

consumption estimates for all equipment analyzed in the engineering analysis.

The annual energy consumption of an electric motor that has a given nominal full
|l oad efficiency depends on the electric moto
commercial) and application (compressor, fans, pumps, material handling, fire pumps,

and others), which in turn determine the ele

To calculate the annual kilowdtburs (kWh) consumed at each efficiency level
in each equipment class, DOE used the nominal efficiencies at various loads from the
engineering analysis, along with estimates of operating hours and electric motor load for

electric motors in various sectors and applications.

In the preliminary analysji®©OE used statistical information on annual electric

motor operating hours and load derived from a database of more than 15,000 individual



motor field assessments obtained through the Washington State University and the New
York State Energy Research abdvelopment Authority to determine the variation in
field energy use in the industrial sector. For the agricultural and the commercial sector,

DOE relied on data found in the literature.

As part of its NOPR analysis, for the industrial sector, DO&xamined its initial
usage profiles and recalculated motor distribution across applications, operating hours,
and load information based on additional motor field data compiled by the Industrial
Assessment Center at the University of Oregon, which includas26y000 individual
motor records. For the agricultural sector, DOE revised its average annual operating
hours assumptions based on additional data found in the literature. No changes were

made to the commercial sector average annual operating hours.

Chapter 7 of the NOPR TSD describes the energy use analysis.

1. Comments on Operating Hours

Several interested parties commented on the annual operating hours assumptions.
NEMA and UL commented that fire pumps typically operate when being tested on a
monthly kasis and that the annual operatimgur assumption for fire pump electric
motors in the industrial sector seemed high but did not provide data to support their
comment. NEMA agreed with the fire pump electric motor annual opesating
assumptions in theommercial and agricultural sectors. (NEMA, No. 54 at p. 83) (UL,

No. 46 at p. 1)
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For the NOPR, DOE reviewed the field data for fire pump electric motors used in
the preliminary analysis and noticed some values were associated with motors driving
jockeypumps which are pressure maintenance pumps used to maintain pressure in fire
sprinkler systems. After filtering out the motors driving jockey pumps, DOE derived an
average value of annual operating hours similar to the fire pump electric motor annual
opemting hours for the commercial and agricultural sectors. Therefore, DOE revised its

fire pumps operating hour assumption accordingly.

NEMA submitted data regarding annual operating hour assumptions in the
industrial sector based on its expert knowleddeese assumptions were lower than those

used in the preliminary analysis. (NEMA, No. 54 at p. 10)

As previously mentioned, DOE revised the average operating hours associated
with applications in the industrial sector (compressor, fans, pump, materdingg and
others) based on additional individual motor nameplate and field data compiled by the
Industrial Assessment Center at the University of OréjoFhe revised average
operating hour values are generally lower than the estimates from the pagfimin
analysis and differ from what NEMA provided. DOE could not verify the estimates
provided by NEMA and it is not clear that these estimates represent an accurate picture of

the entire industrial sector. In contrast, the average operating hours by ppiceataon

% Strategic Energy Group (January, 2008), Northwest Industrial Motor Database Summary from Regional
Technical Forumhttp://rtf.nwcouncil.org/subcomriees/osumotor/Default.htrithis databasprovides
information on motors collected by thedustrial Assessment Center (IAC) at Oregon State University
(OSUV). The database include®re than 22,008ecords, each with detailed motor application and field

usage data.
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that DOE used in the NOPR were based on an analysis of annual operating hours for over
35,000 individual motors. DOE notes that it analyzed a sensitivity case that reflects the

NEMA estimates.

IECA commented that the database of plant assegsnsebased on surveys
conducted between 2005 and 2011 and there is no explanation of the effects of the
recession on these surveys. (IECA, No. 52 at p. 2) DOE could not estimate the impact of
the recession on the average operating hour values derivedheodatabase of field
assessment from the Washington State University and the New York State Energy
Research and Development Authority, as the year of the assessment was not specified for
all of the entries. The additional data from the Industrial AssessCenter cover a
longer time period (1982007). Thus, DOE believes that its estimates of operating hours

are not unduly affected by lower industrial activity during the recession.

2. Comments on Other Issues
I n response t o DO Eibom the predimirgayy analgsis, di scussi O
NEMA commented that NEMA Design C motors are not typically found in pump
applications. (NEMA, No. 54 at p. 83) For NEMA Design C motors, DOG&emined
its distribution by application and agrees with NEMA that NEMA Designdiors are
not typically found in pump applications. These motors are characterized by high torque
and generally found in compressors and other applications such as conveyors. Consistent

with this review, DOE adjusted its analyses.
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NEMA commented that theurve fit for the polynomial equations modeling the
load versus losses relationships for NEMA Design B motors did not seem to represent the

test data accurately. (NEMA, No. 54 at p. 81)

For each representative unit, DOE based its energy use calcwiatrmminal
values of efficiency. DOE obtained data on part load losses from test data developed in
the engineering analysis and fitted these data to derive load versus losses relationships in
the form of a third degree polynomial equation. The represeatanits showed tested
efficiencies which were not equal to the nominal efficiencies and DOE adjusted the
coefficients of the polynomial equations to match the full load losses expected at nominal
efficiency. The adjusted equation, therefore, calculatesefor a motor with full load
efficiency equal to the full load nominal efficiency. For the NOPR, DOE followed the
same approach and revised the polynomial equations to reflect the NOPR engineering

outputs.

NEMA commented that the installation of a mefécient motor in variable
torque applications could lead to less energy savings than anticipated. Because a more
efficient motor usually has less Sfipghan a less efficient one does, this attribute can
result in a higher operating speed and a poteovialloading of the motor. NEMA
recommended that DOE include the consequence of a more efficient motor operating at

an increased speed in any determination of energy savings. (NEMA, No. 54 at p. 28)

% Theslip is thedifference between the synchronous speed of the magneti¢aettefined by the number
of poles), and thactualrotating speeof the motor shaft.
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DOE acknowledges that the arithmetic cubic relation betwspeed and power
requirement in many variable torque applications can affect the benefits gained by using
efficient electric motors, which have a lower slip. DOE agrees that it is possible to
guantify this impact for one individual motor. However, DO&swot able to extend this
analysis to the national level. DOE does not have robust data related to the overall share
of motors that would be negatively impacted by higher speeds in order to incorporate this
effect in the main analysis. Further, in theiaegring analysis, DOE could not extend
the synchronous speed information from the representative units to the full range of
electric motor configurations. Instead, DOE developed assumfitams estimated the
effects of higher operating speeds as a geitgianalysis in the LCC spreadsheet. For
the representative units analyzed in the LCC analysis, the LCC spreadsheet allows one to
consider this effect as a sensitivity analysis according to a scenario described in appendix

7-A of the NOPR TSD.

IECA commented that estimates of regional shares of motors should be based on
current inventories of motors rather than sespecific indicators and that the data from
the 2006 Manufacturer Energy Consumption Survey (MECS) is outdated. (IECA, No. 52
at p. 2) DOHIid not find any information regarding motor inventory and instead used
indirect indicators to derive motor distribution. For the NOPR, DOE updated its regional

shares of motors based on industrial electricity consumption by regiorAEEG 2013

% DOE assumed that 60 percent of pumps, fans and compressor applications are variable torque
applications. Of these 60 percent, DOE assumed that all fans and a majority (70 percent) of compressors
and pumps would be negatively impacted by higher opergbieeds; and that 30 percent of compressors

and pumps would not be negatively impacted from higher operating speeds as their time of use would
decrease as the flow increases with the speed (e.g. a pump filling a reservaoir).
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F. Life-Cycle Cost and Payback Period Analysis

For each representative unit analyzed in the engineering analysis, DOE conducts
LCC and PBP analyses to evaluate the economic impacts on individual customers of
potential energy conservation standards for electric moidre LCC is the total
customer expense over the life of the motor, consisting of equipment and installation
costs plus operating costs over the lifetime of the equipment (expenses for energy use,
maintenance and repair). DOE discounts future operatistg tmthe time of purchase
using customer discount rates. The PBP is the estimated amount of time (in years) it takes
customers to recover the increased total installed cost (including equipment and
installation costs) of a more efficient type of equipbtenough lower operating costs.
DOE calculates the PBP by dividing the change in total installed cost (normally higher)
due to a standard by the change in annual operating cost (normally lower) which results

from the standard.

For any given efficiency lesl, DOE measures the PBP and the change in LCC
relative to an estimate of the basse efficiency levels. The basase estimate reflects
the market in the absencer@w oramended energy conservation standards, including

the market for equipment thataeeds the current energy conservation standards.

For each representative unit, DOE calculated the LCC and PBP for a distribution
of individual electric motors across a range of operating conditions. DOE used Monte
Carlo simulations to model the distribars of inputs. The Monte Carlo process

statistically captures input variability and distribution without testing all possible input
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combinations. Therefore, while some atypical situations may not be captured in the
analysis, DOE believes the analysis caps an adequate range of situations in which

electric motors operate.

The following sections contain brief discussions of comments on the inputs and key
assumptions of DOE6s LCC and PBP anal ysis an

comments into consideration

1. Equipment Costs
In the LCC and PBP analysis, the equipment costs faced by electric motor
purchasers are derived from the MSPs estimated in the engineering analysis and the

overall markups estimated in the markups analysis.

To forecast a price trend for the preliminary analysis, DOE derived an inflation
adjusted index of the producer price index (PPI) for integral horsepower motors and
generators manufacturing from 1969 to 2011. These data show-tetomgecline from
1985 b 2003, and then a steep increase since then. DOE also examined a forecast based
on the Achadneduptrcal i edaekpme ME@0lohtat was f
to 2040. This index is the most disaggregated category that includes electric motors.
These data show a shoerm increase from 2011 to 2015, and then a steep decrease since
then. DOE believes that there is considerable uncertainty as to whethesehetrend
has peaked, and would be followed by a return to the previougdamgdeclining trend,

or whether the recent trend represents the beginning of adamgising trend due to
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global demand for electric motors and rising commodity costsefpnkotor components.
Given the uncertainty, DOE chose to use constant prices (2010 levels) for both its LCC
and PBP analysis and the NIA. For the NIA, DOE also analyzed the sensitivity of results

to alternative electric motor price forecasts.

DOE did notreceive comments on the trend it used for electric motor prices, and

it retained the approach used in the preliminary analysis for the NOPR.

2. Installation Costs

In the preliminary analysis, the engineering analysis showed that for some
representative uts, increased efficiency led to increased stack length. However, the
electric motor frame remained in the same NEMA frame size requirements as the
baseline el ectr i ¢Codinensionremameddairly dorstantexross r 6 s
efficiency levels. Iraddition, electric motor installation cost data from RS Means
Electrical Cost Data 2013 showed a variation in installation costs by horsepower (for
threephase electric motors), but not by efficiency. Therefore, in the preliminary analysis,
DOE assumed the is no variation in installation costs between a baseline efficiency

electric motor and a higher efficiency electric motor.

Two interested parties commented that DOE might have to consider increased
installation costs related to larger diameter motorsomparison to baseline motors. (CA
IOUs, No. 57 at p. 2NEMA, No. 54 at p. 83) NEMA added that the size of a motor may

need to be increased to provide the necessary material to obtain higher levels of energy
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efficiency, such as CSL 3 examined for DedByalectric motors. (NEMA, No. 54 at p.

83)

DOE6s engineeri ng d@Cbdmessiororemained faitly t he mot o
constant across efficiency levels. For equipment class Group 1, the stack length of higher
efficiency motorsEL 3 and above) did nohsw significant increases in size in
comparison to NEMA Premium level motoEslL(2). In addition, the frame size remained
the same and ti&0 dimension data did not significantly vary. Therefore, for the NOPR,

DOE retained the same approach as in thenpirgry analysis and did not incorporate
changes in installation costs for electric motors that are more efficient than baseline

equipment.

NEMA stated that when a user replaces a baseline NEMA Design B motor with a
higher efficiency NEMA Design A motothe user might experience additional
installation costs compared to replacing the motor with a baseline NEMA Design B
motor due tpfor examplepotential needs for new motor controller or motor protection
devices. (NEMA, No. 54 at p. 29) In the enginegramalysis, for equipment class Group
1, all representative units selected WdEEMA Design B motors and the NEMA Design
B requirements are maintained across all efficiency levels. Therefore, DOE did not
account for additional installation costs relatethesreplacement of NEMA Design B

motors with NEMA Design A motors.
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3. Maintenance Costs
In the preliminary analysis, DOE did not find data indicating a variation in
maintenance costs between a baseline efficiency and higher efficiency electric motor.
Accord ng to data from Vaugh éwhbichpuBlisiecaa Publ i shi
industry reference guide on motor repair pricing, the price of replacing bearings, which is
the most common maintenance practice, is the same at all efficiency levels. Therefore,
DOE did not consider maintenance costs for electric motors. DOE did not receive
comments on this issue and retained the approach used for the preliminary analysis for

the NOPR.

4. Repair Costs

In the preliminary analysis, DOE accounted for the differences airrepsts of a
higher efficiency motor compared to a baseline efficiency motor and defined a repair as
including a rewind and reconditioning. Based

model to estimate repair costs by horsepower, enclosure and paacifitl.

The Electrical Apparatus Service Association (EASA), which represents the
electric motor repair service sector, noted that DOE should clarify the definition of repair
as including rewinding and reconditioning. (EASA, No. 47 at p. 1) DOE agride#ws

suggestion and has modified its terminology in chapter 7 of the NOPR TSD.

®Vaugheno6s (201 kMotd &Ruf) RepaV BricegGuiden 2D11, 2013 Edition.
http://www.vaughens.com/
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One interested party, Flolo Corporation, noted that since the 1990's, increased
windings protection has led to longer repair cycles and the repair frequency values used

in the preliminary analysis were too low. (Pub. Mtg. Tr., No. 58 at p. 234)

For the preliminary analysis, DOE estimated that NEMA Design A, B and C
electric motors were repaired on average after 32,000 hours of operation based on data
for the industrial seot. This estimate reflected a situation where electric motors from 1
to 20horsepower, with an average lifetime of 5 years, are not repaired; motors from 25
to 75horsepower, with an average lifetime of 10 years, are repaired at half their lifetime;
and notors from 100to 50Ghorsepower, with an average lifetime of 15 years, are
repaired at a third of their lifetime. In the NOPR analysis, DOE retained a similar
approach for the industrial and commercial sectors. For the agricultural sector, DOE did
not find sufficient data to distinguish by horsepower range and assumed that motors are
repaired on average at half of their lifetime. With the revised NOPR mechanical lifetime
and operating hour estimates, the repair frequency in hours increased to 48,609 hours

the industrial sector compared to DOEG6s ear |

5. Unit Energy Consumption

The NOPR analysis uses the same approach for determining unit energy
consumptions (UECS) as the preliminary analysis. The UEC was determined for each
application and sector based on estimated load points and annual operating hours. For the
NOPR, DOE refind the average annual operating hours, average load, and shares of

motors by application and sector.
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In the preliminary analysis, DOE assumed thatiirel of repairs are done
following industry recommended practice as defined by EASA. (EASA Standar@AR1
2010, Recommended Practice for the Repair of Rotating Electrical Apparatus) and do not
impact the efficiency of the electric motor (i.e., no degradation of efficiency after repair).
DOE assumed that twihirds of repairs do not follow good practice dhdt a slight
decrease in efficiency occurs when the electric motor is repaired. DOE assumed the
efficiency decreases by 1 percent in the case of electric motors of less than 40

horsepower, and by 0.5 percent in the case of larger electric motors.

NEMA and EASA asked DOE to clarify its assumption regarding the share of
repairs performed following industry recommended practices. (NEMA, No. 54 at p. 29)
(EASA, No. 47 at p. 1) For the NOPR, DOE reviewed data from the U.S. Economic
Censu® and EASA® and estimted that the majority of motor repair shops are EASA
members and follow industry recommended practices. DOE revised its assumption for
the NOPR analysis and estimated that 90 percent of repairs are done following industry
recommended practice and would mopact the efficiency of the motor (i.e. no

degradation of efficiency after repair).

NEMA also requested clarification on whether the LCC is based on site energy or
full fuel cycle energy. (NEMA, No. 54 at p. 31) In the LCC, DOE considers site energy

use only.

% U.S. Economic Census 1997 and 2007 data on the number of motor repair establishments (based on
NAICS 811, 811310, and SIC 749
% Members of EASA available atttp://www.easa.com/
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6. Electricity Prices and Electricity Price Trends

In the preliminary analysis, DOE derived seetpecific weighted average
electricity prices for four different U.S. Bureau of the Census (Census) regions
(Northeast, Midwest, South, and West) ugiiaga from the Energy Information
Administration (EIA Form 861). For each utility in a region, DOE used the average
industrial or commercial price, and then weighted the price by the number of customers

in each sector for each utility.

For each represeaative motor, DOE assigned electricity prices using a Monte
Carlo approach that incorporated weightings based on the estimated share of electric
motors in each region. The regional shares were derived based on indicators specific to
each sector (e.g., comne@l floor space from the Commercial Building Energy
Consumption Survey for the commercial se®)oand assumed to remain constant over
time. To estimate future trends i n energy pr
Annual Energy Outlook 201IAEO 2011). The NOPR retains the same approach for

determining electricity prices, and us&BO 2013to project electricity price trends.

IECA commented that the sector specific average electricity prices do not account
for differences across census regionsnehedustrial activity is concentrated. (IECA,
No. 52 at p. 2) As noted above, the industrial electricity price for each region is a
weighted average based on the number of industrial customers of each utility. Thus, the

prices reasonably account for contation of industrial activity.

0'U.S. Department of Energy Information Administration (20@3)mmercial Buildings Energy
Consumption Survettp://www.eia.gov/consumption/commercial/data/2003/pdf/a4.pdf
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7. Lifetime

In the preliminary analysis, DOE estimated the mechanical lifetime of electric
motors in hours (i.e., the total number of hours an electric motor operates throughout its
lifetime), depending on its horsepoweresiDOE then developed Weibull distributions of
mechanical lifetimes. The lifetime in years for a sampled electric motor was then
calculated by dividing the sampled mechanical lifetime by the sampled annual operating
hours of the electric motor. This mogebduces a negative correlation between annual
hours of operation and electric motor lifetime: electric motors operated many hours per
year are likely to be retired sooner than electric motors that are used for only a few
hundred hours per year. DOE coresield that electric motors of less thanhfbare most
likely to be embedded in a piece of equipment (i.e., an application). For such
applications, DOE developed Weibull distributions of application lifetimes expressed in
years and compared the sampled matechanical lifetime (in years) with the sampled
application lifetime. DOE assumed that the electric motor would be retired at the earlier
of the two ages. For the NOPR analysis, DOE retained the same approach and revised

some of the lifetime assumptiobased on additional information collected.

NEMA and WEG commented that the mechanical lifetime of agricultural motors
should be lower than in the commercial or industrial sectors due to lower levels of
maintenance performed in the field and the lightdy dteel frame constructions of these

motors. (Pub. Mtg. Tr., No. 58 at p. 253) The NOPR analysis estimates that the average
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motor lifetime (across all sizes) for the agricultural sector to be 20 {/eBinss revised
estimate translates into average medw@rifetimes between 24,000 and 30,000 hours

depending on the horsepower range, which is lower than in the industrial sector.

For the NOPR, DOE collected sectpecific mechanical motor lifetime
information where available and revised the lifetimeiag#tions where appropriate. For
the industrial sector, DOE estimated average mechanical lifetimes of 5, 15, and 20 years,
depending on the horsepower range (the values correspond to 43,800, 87,600, and
131,400 hours respectively). These values are higherthose used in the preliminary

analysis.

8. Discount Rate

The discount rate is the rate at which future expenditures are discounted to
estimate their present value. The cost of capital commonly is used to estimate the present
value of cash flows to be deed from a typical company project or investment. Most
companies use both debt and equity capital to fund investments, so the cost of capital is
the weighteeaverage cost to the firm of equity and debt financing. DOE uses the capital
asset pricing modelJAPM) to calculate the equity capital component, and financial data

sources to calculate the cost of debt financing.

For the NOPR, DOE estimated a statistical distribution of industrial and

commercial customer discount rates by calculating the average cost of capital for the

"L Gallaher, M., Delhotal, K., & Petrusa, J. (2008$timating the potential GQnitigation from
agricultural energy efficiency in the United StatésergyEfficiency, 2 (2):207220.
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different types of electric motor owners (e.g., chemical industry, food processing, and
paper indistry). For the agricultural sector, DOE assumed similar discount rates as in
industry. More details regarding DOEOGSsS estin

provided in chapter 8 of the NOPR TSD.

9. Base Case Market Efficiency Distributions

For the LQC analysis, DOE analyzed the considered motor efficiency levels
relative to a base case (i.e., the case witheut oramended energy efficiency
standards). This requires an estimate of the distribution of product efficiencies in the base
case (i.e., whatonsumers would have purchased in the compliance year in the absence
of new standards). DOE refers to this distribution of product energy efficiencies as the

base case efficiency distribution.

Data on motor sales by efficiency are not available. In teknpinary analysis,
DOE used the number of models meeting the requirements of each efficiency level from
Ssix major manufacturers and one -cdsestri but or 0
efficiency distributions. The distribution is estimated separdtelgach equipment class
group and horsepower range and was assumed constant and equal to 2012 throughout the

analysis period (2012044).

For the NOPR, DOE retained the same approach to estimate the base case

efficiency distribution in 2012, but it upted the base case efficiency distributions to

account for the NOPR engineering analysis (revisies) and for the update in the scope
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of electric motors considered in the analysis. Beyond 2012, DOE assumed the efficiency
distributions for equipment clagsoup 1 and 4 vary over time based on historical’8lata

for the market penetration of NEMA Premium motors within the market for integral
alternating current induction motors. The assumed trend is shown in chapter 10 of the
NOPR TSD. For equipment class goa2iand 3, which represent a very minor share of

the market (less than 0.2 percent), DOE believes the overall trend in efficiency
improvement for the total integral AC induction motors may not be representative, so
DOE kept the base case efficiency distitibns in the compliance year equal to 2012

levels.

Two interested parties commented on the base case efficiency distributions.
RegalBeloit stated that the share ofth 5-horsepower motors in equipment class 1 at
CSL 0 in the base case distributionsao low by at least one percentage point. (Pub.
Mtg. Tr., No. 58 at p. 263) NEMA requested clarifications on how DOE derived its base
case efficiency distributions and commented that it would expect CSL 0 to represent 60
percent of total units shipped @ considering the expanded scope as proposed by
NEMA. (NEMA, No. 54 at p. 84) Neither stakeholder, however, provided supporting

data.

As mentioned previously, DOE developed the 2012 base case efficiency
distributions based on catalog information onrthenber of models meeting the

requirements of each efficiency level. For the NOPR, DOE retained the same

"2 Robert BotelerlJSA Motor Update 200%nergy Efficient Motor Driven Systems Conference
(EEMODS) 2009.
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methodology and revised the catalog information to account for the addition of brake
motors and NEMA 58rame size enclosed electric motors in the agialyDOE has no

data to assess the stakeholdersodo input on t

10. Compliance Date

Any amended standard for electric motors shall apply to electric motors
manufactured on or after a date which is five years after theieffetzte of the previous
amendment. (42 U.S.C. 6313(b)(4)) In this case, the effective date of the previous
amendment (established by EISA in 2007) is December 19, 2010, and the compliance
date of any amended energy conservation standards for electris mwotdd be
December 19,2015 n | i ght of the proposal 6s attempt
standards for currently regulated and unregulated electric motor BP&shas chosen
to retain the same compliance datelfoth the amended améw energy coresvation
standards tsimplify the requirements and &void anypotentialconfusionfrom
manufacturersThe final rule for this rulemaking is scheduled to be published in early
2014. DOE calculated the LCC and PBP for all-esdrs as if each would purceaa
new piece of equipment in the year that compliance is required. As DOE notes elsewhere,
DOE is interested in comments regarding the feasibility of achieving compliance with

this proposed date.

11. Payback Period Inputs

The payback period is the amounitime it takes the consumer to recover the

additional installed cost of more efficient equipment, compared to baseline equipment,
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through energy cost savings. Payback periods are expressed in years. Payback periods
that exceed the life of the product mehat the increased total installed cost is not

recovered in reduced operating expenses.

The inputs to the PBP calculation are the total installed cost of the product to the
customer for each efficiency level and the average annual operating experiditeseh
efficiency level. The PBP calculation uses the same inputs as the LCC analysis, except

that discount rates are not needed.

12. RebuttablePresumption Payback Period
EPCA establishes a rebuttable presumption that a standard is economically
justified if the Secretary finds that the additional cost to the consumer of purchasing a
product complying with an energy conservation standard level will be less than three
times the value of the energy (and, as applicable, water) savings during the first year that
the consumer will receive as a result of the standard, as calculated under the test
procedure in place for that standard. (42 U.S.C. 6295(0)(2)(B)(iii)) For each considered
efficiency | evel, DOE determines the value o
calculating the quantity of those savings in accordance with the applicable DOE test
procedure, and multiplying that amount by the average energy price forecast for the year

in which compliance with the new or amended standards would be required.
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G. ShipmentdAnalysis

DOE uses projections of product shipments to calculate the national impacts of
standards on energy use, NPV, and future manufacturer cash flows. DOE develops
shipment projections based on historical data and an analysis of key market drivers for

each prodat.

To populate the model with current data, DOE used data from a market research
report’® confidential inputs from manufacturers, trade associations, and other interested
partiesd responses to the Requestegiterr | nforn
76 FR 17577 (March 30, 2011). DOE then used estimates of market distributions to
redistribute the shipments across pole configurations, horsepower, and enclosures within

each electric motor equipment class and also by sector.

DOE G s s hi jpgcnoa assumes phat electric motor sales are driven by
machinery production growth for equipment including motors. DOE estimated that
growth rates for total motor shipments correlate to growth rates in fixed investment in
equipment and structures includimotors, which is provided by the U.S. Bureau of
Economic Analysis (BEAJ* Projections of real gross domestic product (GDP) from

AEO 2013for 2015 2040 were used to project fixed investments in the equipment and

3 IMS Research (February 2012), The World Market for Low Voltage Motors, 2012 Edition,

Austin
" Bureau of Econongi Analysis (March 01, 2012), Private Fixed Investment in Equipment and Software
by Type andPrivate Fixed Investment in Structures by Type
http://www.bea.gov/iTable/iTable.cfm?ReqlD=12i&p=1
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structures including motors. The curremrket distributions are maintained over the

forecast period.

For the NOPR, with the expanded scope by horsepower, DOE estimates total
shipments in scope were 5.43 million units in 2011. This estimate represents an increase
compared to the shipments estbed in the preliminary analysis because of the inclusion

of integral brake motors and of NEMA integral enclosedr&fe motors.

For the preliminary analysis, DOE collected data on historical series of shipment
guantities and value for the 192003 peiod, but concluded that the data were not
sufficient to estimate motor price elasticify.Consequently, DOE assumed zero price
elasticity for all efficiency standards cases and did not estimate any impact of potential
standards levels on shipments. D@guested stakeholder recommendations on data

sources to help better estimate the impacts of increased efficiency levels on shipments.

The Motor Coalition commented that higher equipment costs required to achieve
efficiency levels above CSL 2 (NEMA Premi) would encourage the refurbishment of
existing motors rather than their replacement by new, more efficient motors, leading to

reduced cost effective energy savings at CSL 3. (Motor Coalition, No. 35 at p. 7)

> Business Trend Analysts, The Motand Generator Industry, 2002:S. Census Bureau (November
2004), Motors and Generatdr2003.MA335H(03)1.
http://www.census.gov/manufacturing/cir/historical_data/discontinued/ma335h/indexahtihl.S.
Census Bureau (August 2003), Motors and Geoesat2002.MA335H(02)1.
http://www.census.gov/manufacturing/cir/historical_data/discontinued/ma335h/ma335h02.xls
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DOE acknowledges that increased electricmotopr i ces coul d affect
versus replaceodo decision, |l eading to the inc
and a decrease in shipments of nemignufactured energgfficient electric motors.

Considering the minimal cost increase betwger? andEL 3 in the preliminary analysis
(approximately 3 percent for representative unit 1), DOE does not believe it is reasonable
to consider noszero price elasticity when calculating the standaaise shipments for

levels abovédEL 2 and zero price elasity when calculating shipments for the standards
case aEL 2 of the preliminary analysi&.or the above reasons, DOE retained its

shipments projections, which do not incorporate price elasticities, for the NOPR.
However, DOE also performed a sensithatyalysis that demonstrates the impact of
possible price elasticities on projected shipments and the NIA results. See TSD appendix

10-C for more details and results.

NEMA commented that shipments of imported motors might decrease if higher
efficiency levés are mandated. (NEMA, No. 54 at p. 29) NEMA, however, provided no
data in support of its view. DOE he=viewed shipments information from market
reports, the U.S. Census, as well as market information provided by the Motor Coalition
and hadeen unabléo obtain any data to assess the potential reduction in quantity of
imported motors due to standards and whether this would impact the total number of

motors shipped inthe 8’/°DOE6s shi pments projection assum

®IMS Research (February 2012), The World Market for Low Voltage Motors, 2012 Edition, Austin;
Business Trend Analysts, The Motand Generator Ingdtry, 2002;U.S. Census Bureau (November 2004),
Motors and Generatois2003.MA335H(03)1.
http://www.census.gov/manufacturing/cir/historical_data/disoord/ma335h/index.htmandU.S.

Census Bureau (August 2003), Motors and Geoesat2002.MA335H(02)1.
http://www.census.gov/manufacturing/cir/lugtal _data/discontinued/ma335h/ma335h02.xls
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sales are driven byachinery production growth for equipment including motors without

distinction between imported and domestic motors.

H. National Impact Analysis

The NIA assesses the national energy savings (NES) and the national NPV of
total customer costs and savings tlatld be expected to result from new and amended

standards at specific efficiency levels.

To make the analysis more accessible and transparent to all interested parties,
DOE used an MS Excel spreadsheet model to calculate the energy savings and the
natioral customer costs and savings from each TSOE used the NIA spreadsheet to
calculate the NES and NPV, based on the annual energy consumption and total installed
cost data from the energy use analysis and the LCC analysis. DOE forecasted the lifetime
enggy savings, energy cost savings, equipment costs, and NPV of customer benefits for
each product class for equipment sold from 2015 through 2044. In addition, DOE
analyzed scenarios that used inputs fromAB® 2013Low Economic Growth and High
Economic Gowth cases. These cases have higher and lower energy price trends

compared to the reference case.

" DOE understands that MS Excel is the most widely used spreadsheet calculation tool in the United States

and there is general familiarity with itsebasic feat:!
spreadsheet models provides interested parties with access to the models within a familiar context. In

addition, the TSD and other documentation that DOE provides during the rulemaking help explain the

models and how to use them, and interested padieascr evi ew DOE6s anal yses by chal
guantities within the spreadsheet.
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DOE evaluated the impacts of potential new and amended standards for electric
motors by comparing baszase projections with standardase projections. Ehbase
case projections characterize energy use and customer costs for each equipment class in
the absence of new and amended energy conservation standards. DOE compared these
projections with projections characterizing the market for each equipmenif @38
were to adopt new or amended standards at specific energy efficiency levels (i.e., the

standards cases) for that class.

TablelV .25 summarizesll the major preliminary analysis inputs to the NIA and

whether those inputs were revised for the NOPR.
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Table IV .25 Inputs for the National Impact Analysis

Input

Preliminary Analysis Description

Changes forNOPR

Shipments

Annual shipments from shipments
model.

No change.

Compliance date
standard

Modeled used January 1, 2015

December 19, 2015 (modeled a
January 1, 2016)

Equipment Class¢g

Three separate equipment class grou
for NEMA Design A and Bnotors,
NEMA Design C motors, and Fire
Electric Pump Motors

Added one equipment class grol
for brake motors.

Base case
efficiencies

Constant efficiency from 2015 througf
2044.

No change for Equipment Class
and 3. Added a trend for the
efficiency distibution of
equipment class groups 1 and 4

per unit

class is multiplied by the correspondir
average energy price.

Standards case |Constant efficiency at the specified |No change.
efficiencies standard level from 2015 to 2044.
Annual energy  |Average unit energy use data are No change.
consumption per |calculated for each horsepowating
unit and equipment class based on inputs

from the Energy use analysis.
Total installed cosBased on the MSP and weight data ffNo change.
per unit the engineering, and then scaled for

different hp and enclosure categories
Electricity exgnseg Annual energy use for each equipmefNo change.

Escalation of
electricity prices

AEO 2011forecasts (to 2035) and
extrapolation for 2044 and beyond.

Updated to AEO 2013

Electricity siteto- |A time series conversion factor; inclu¢No change
source conversiorjelectric generation, transmission, and

distribution losses.
Discount rates  [3% and 7% real. No change.
Present year 2012. 2013.

1. Efficiency Trends

In the preliminary analysis, DOE did not include any change in base case

efficiency in its shipments and national energy savings models. As explained in section

IV.F, for equipment class groufpsand4, for the NOPR, DOE presumed that the

efficiency distributions in the base case change over time. The projected share of 1 to 5
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horsepower NEMA Premium motor§I( 2) for equipment class group 1 growsifr 36.6
percent to 45.5 percent over the analysis period, and for equipment class group 4, it
grows from 30.0 percent to 38.9 percent. For equipment class group 2 and 3, DOE

assumed that the efficiency remains constant from 2015 to 2044.

Inthe standards ases, equi pment with efficiency b
upo to the standard |l evel in the conmpliance
and4, DOE assumed that the level immediately above the standard would show a similar

increase in m&et penetration as the NEMA Premium motors in the base case.

The presumed efficiency trends in the base case and standards cases are described

in chapter 10 of the NOPR TSD.

2. National Energy Savings

For each year in the forecast period, DOE calculat§fétime national energy
savings for each standard level by multiplying the shipments of electric motors affected
by the energy conservation standards by theupgrifetime annual energy savings.
Cumulative energy savings are the sum of the NES lfon@tbrs shipped during the

analysis period, 2012044.

DOE estimated energy consumption and savings based on site energy and

converted the electricity consumption and savings to primary energy using annual
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conversion factors derived from tA&EO 2013version of the NEMS. Cumulative energy

savings are the sum of the NES for each year over the timeframe of the analysis.

DOE has historically presented NES in terms of primary energy savings. In
response to the r ecomme n-didUseiadifridFued®yclea c ommi t t
Measurement Approaches to Energy Efficiency
Academy of Science, DOE announced its intention to uséueillicycle (FFC) measures
of energy use and greenhouse gas and other emissions in é¢mainatpact analyses and
emissions analyses included in future energy conservation standards rulemakings. 76 FR
51281 (August 18, 2011). While DOE stated in that notice that it intended to use the
Greenhouse Gases, Regulated Emissions, and Energy Ussmgpditation (GREET)
model to conduct the analysis, it also said it would review alternative methods, including
the use of EI AGs National Energy Modeling Sy
models and the approaches discussed in the August 18, 2011 DQIEgublished a

statement of amended policy in thederal Registan which DOE explained its

determination that NEMS is a more appropriate tool for this specific use. 77 FR 49701
(August 17, 2012). Therefore, DOE is using NEMS to conduct FFC analyses.
approach wused for todayds NOPR, and the FFC

described in appendix 10 of the TSD.

3. Equipment Price Forecast

As noted in section IV.F.2, DOE assumed no change in electric motor prices over

the 201571 20 4 iion,@DOKE doraucted a sensitavity dnalysis using
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alternative price trends. DOE developed one forecast in which prices decline after 2011,
and one in which prices rise. These price trends, and the NPV results from the associated

sensitivity cases, are de#xed in appendix 18 of the NOPR TSD.

4. Net Present Value of Customer Benefit

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

each motor shipped during the forecast period.

In calculating the NPV, DOE multiplies the net savings in future years by a
discount factor to determine theirgsent value. DOE estimates the NPV using both a 3
percent and a-percent real discount rate, in accordance with guidance provided by the
Office of Management and Budget (OMB) to Federal agencies on the development of
regulatory analysi& The discount ras for the determination of NPV are in contrast to
the discount rates used in the LCC anal ysi s,
perspective. The-percent real value is an estimate of the average befrnate of

return to private capital imné U.S. economy. The@rcent real value represents the

8 OMB Circular A4, section E (Sept. 17, 2008)tp://www.whitehouse.gov/omb/circulars_a004.a
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Asocial rate of time preference, 0 which i

consumption flows to their present value.

I. Consumer Subgroup Analysis

In analyzing the potential impacts of newamended standards, DOE evaluates
impacts on identifiable groups (i.e., subgroups) of customers that may be
disproportionately affected by a national standard. For the NOPR, DOE evaluated

impacts on various subgroups using the LCC spreadsheet model.

The customer subgroup analysis is discussed in detail in chapter 11 of the TSD.

J. Manufacturer Impact Analysis

1. Overview

DOE conducted an MIA for electric motors to estimate the financial impact of
proposed new and amended energy conservation standards wiactizers of covered
electric motors. The MIA has both quantitative and qualitative aspects. The quantitative
part of the MIA primarily relies on the GRIM, an industry cash flow model customized
for electric motors covered in this rulemaking. The key GRiputs are data on the
industry cost structure, equipment costs, shipments, and assumptions about markups and
conversion expenditures. The key MIA output is INPV. DOE used the GRIM to calculate
cash flows using standard accounting principles and to cencpanges in INPV
between a base case and various TSLs (the standards case). The difference in INPV

between the base and standards cases represents the financial impact of new and amended
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standards on manufacturers of covered electric motors. Differentfsa$sumptions
(scenarios) produce different INPV results. The qualitative part of the MIA addresses
factors such as manufacturing capacity; characteristics of, and impacts on, any particular

subgroup of manufacturers; and impacts on competition.

DOE conducted the MIA for this rulemaking in three phases. In the first phase
DOE prepared an industry characterization based on the market and technology
assessment, preliminary manufacturer interviews, and publicly available information. In
the second @se, DOE estimated industry cash flows in the GRIM using industry
financial parameters derived in the first phase and the shipment scenario used in the NIA.
In the third phase, DOE conducted structured, detailed interviews with a variety of
manufacturershiat represent more than-p&rcent of domestic electric motors sales
covered by this rulemaking. During these interviews, DOE discussed engineering,
manufacturing, procurement, and financial topics specific to each company, and obtained
each man wievad theuetearic dator industry as a whole. The interviews
provided valuable information that DOE used to evaluate the impacts of new and
amended standards on manufacturersod cash
employment levels. See sectitbhhJ.4 of this NOPR for a description of the key issues

manufacturers raised during the interviews.

During the third phase, DOE also used the results of the industry characterization
analysis in tk first phase and feedback from manufacturer interviews to group

manufacturers that exhibit similar production and cost structure characteristics. DOE

f

0



identified one sulgroup for a separate impact analyisemall business manufacturérs

using the smalbusiness employee threshold published by the Small Business
Administration (SBA). This threshold include
company and any other subsidiaries. Based on this classification, DOE identified 13

electric motor manufacturersat qualify as small businesses.

The complete MIA is presented in chapter 12 of the NOPR TSD.

2. GRIM Analysis and Key Inputs

DOE uses the GRIM to quantify the changes in cash flow over time due to a
standard. These changes in cash flow result in eithigharor lower INPV for the
standards case compared to the base case, the case where a standard is not set. The GRIM
analysis uses a standard annual cash flow analysis that incorporates manufacturer costs,
markups, shipments, and industry financial infaiioraas inputs. It then models changes
in costs, investments, and manufacturer margins that result from new and amended
energy conservation standards. The GRIM spreadsheet uses the inputs to calculate a
series of annual cash flows beginning with the base gf the analysis, 2013, and
continuing to 2044. DOE computes INPVs by summing the stream of annual discounted
cash flows during this analysis period. DOE used a real discount rate of 9.1 percent for
electric motor manufacturers. The discount rate estisnaere derived from industry
corporate annual reports to the Securities and Exchange Commission (B&Lall
then modified according to feedback during manufacturer interviews. Many inputs into

the GRIM come from the engineering analysis, the NIA, ufecturer interviews, and
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other research conducted during the MIA. The major GRIM inputs are described in detail

in the sections below.

a. Product and Capital Conversion Costs

DOE expects new and amended energy conservation standards to cause
manufacturersatincur onetime conversion costs to bring their production facilities and
product designs into compliance with new and amended standards. For the MIA, DOE
classified these orgme conversion costs into two major groups: (1) product conversion
costs andZ) capital conversion costs. Product conversion costs argnoaénvestments
in research, development, testing, marketing, and othecaoitalized costs necessary to
make product designs comply with new and amended standards. Capital conversion costs
are onetime investments in property, plant, and equipment necessary to adapt or change
existing production facilities such that new product designs can be fabricated and

assembled.

DOE calculated the product and capital conversion costs using botidavtop
approach and a botteop approach based on feedback from manufacturers during
manufacturer interviews and manufacturer submitted comments. DOE then adjusted these
conversion costs if there were any discrepancies in the final costs using the two methods
to arrive at a final product and capital conversion cost estimate for each representative

unit at eaclEL.



During manufacturer interviews, DOE asked manufacturers for their estimated
total product and capital conversion costs needed to produce eleativis rat specific
ELs. To arrive at togglown industry wide product and capital conversion cost estimates
for each representative unit at each EL, DOE calculated a market share weighted average
value for product and capital conversion costs based on thsulamitted during

interviews and the market share of the interviewed manufacturers.

DOE also calculated bottenp conversion costs based on manufacturer input on
the types of costs and the dollar amounts necessary to convert a single electric motor
framesize to each EL. Some of the types of capital conversion costs manufacturers
identified were the purchase of lamination die sets, winding machines, frame casts, and
assembly equipment as well as other retooling costs. The two main types of product
converson costs manufacturers shared with DOE during interviews were number of
engineer hours necessary teerggineer frames to meet higher efficiency standards and
the testing and certification costs to comply with higher efficiency standards. DOE then
took awerage values (i.e. costs or number of hours) based on the range of responses given
by manufacturers for each product and capital conversion costs necessary for a
manufacturer to increase the efficiency of one frame size to a specific EL. DOE
multiplied theconversion costs associated with manufacturing a single frame size at each
EL by the number of frames each interviewed manufacturer produces. DOE finally scaled
this number based on the market share of the manufacturers DOE interviewed, to arrive
at indusry wide bottomup product and capital conversion cost estimates for each

representative unit at each EL. The bottopconversion costs estimates DOE created

22(



were consistent with the manufacturer top down estimates provided, so DOE used the
bottomup conersion cost estimates as the final values for each representative unit in the

MIA.

In written comments and during manufacturer interviews, electric motor
manufacturers stated there would be very large product and capital conversion costs
associated with Es above NEMA Premium, especially for any ELs that require
manufacturers to switch to daast copper rotors. Manufacturers addressed the
difficulties associated with using copper-gi&st rotors and the uncertainty of a standard
that requires manufactueeto produce electric motors on a commercial level for all
horsepower ranges using this technology. NEMA stated that switchingt¢astieopper
rotors would cost each manufacturer approximately $80 million in retooling costs and
approximately $68 milliorto redesign, test and certify electric motors at these ELs.
(NEMA, No. 54 at p. 11) NEMA stated that significant conversion costs associated with
any EL above NEMA Premium exist even if giast copper rotors are not used. Several
manufacturers during iatviews and in comments stated they would need to devote
significant engineering time to redesign their entire production line to comply with ELs
that are just one NEMA band higher than NEMA Premium. NEMA also stated that
testing and certifying electric s to ELs above NEMA Premium would be a
significant cost to each manufacturer, since each manufacturer could have thousands or
hundreds of thousands of unique electric motor specifications they would need to certify.

(NEMA, No. 54 at p.4) DOE took thesaebmitted comments into account when
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developing the industry product and capital conversion costs. The final product and

capital conversion cost estimates were in the range of estimates submitted by NEMA.

See chapter 12 of the TSD for a complete desoripti of DOEG&6s assumpt i ¢

the product and capital conversion costs.

b. Manufacturer Production Costs

Manufacturing a more efficient electric motor is typically more expensive than
manufacturing a baseline product due to the use of more costly materials and
components. The higher MPCs for these more efficient equipment can affect the revenue,

gross margin, and cash flows of electric motor manufacturers.

DOE developed the MPCs for the representative units at each EL analyzed in one
of two ways: (1) DOE purdsed, tested and then tore down a motor to create a bill of
materials (BOM) for the motor; and (2) DOE created a BOM based on a computer
software model for a specific motor that complies with the associated efficiency level.

This second approach was usdiew DOE was unable to find and purchase a motor that
matched the efficiency criteria for a specific representative unit. Once DOE created a
BOM for a specific motor, either by tear downs or software modeling, DOE then

estimated the labor hours and the agded scrap and overhead costs necessary to

produce a motor with that BOM. DOE was then able to create an aggregated MPC based
on the material costs from the BOM and the associated scrap costs, the labor costs based

on an average labor rate and the ldimirs necessary to manufacture the motor, and the
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overhead costs, including depreciation, based on a markup applied to the material, labor,

and scrap costs based on the materials used.

DOE created a BOM from tear downs for 15 of the 21 analyg@esentative
unit ELs and applied these BOM data to create ELs for certain representative units.: The
representative unit ELs based on tear downs include: all five ELs for the Design B, 5
horsepower representative unit; the baseline and ELs 1, 2, anth® Design B, 30
horsepower and 7Borsepower representative units; and the baseline for the Design C, 5
horsepower and 508orsepower representative units. DOE created a BOM based on a
computer software model for the remaining six analyzed representstit/ELs: EL 4
for the Design B, 3horsepower and 7Borsepower representative units; and ELs 1 and

2 for the Design C,-horsepower and 50orsepower representative units.

Due to theverylarge product and capital conversion costs manufacturers would
face if standards forced manufacturers to produce motors above NEMA Premium ELSs,
DOE decided to include the product and capital conversion costs as a portion of the
MPCs for all ELs above NEMA Premium. DOE applied a per unit adder, which was a
flat percenaige of the MPC at NEMA Premium, for all MPCs above NEMA Premium.

For a complete description of MPCs and the inclusion of manufacturer conversion costs

into the MPC see the engineering analysis discussion in sé¢tiorof this NOPR.
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c. Shipment Forecast

INPV, the key GRIM output, depends on industry revenue, which in turn, depends
on the quantity and prices of electric motors shipped in each yda ahalysis period.
Industry revenue calculations require forecasts of: (1) total annual shipment volume; (2)
the distribution of shipments across analyzed representative units (because prices vary by
representative unit); and, (3) the distribution of aepts across efficiencies (because

prices vary with efficiency).

In the NIA, DOE estimated the total number of electric motor shipments by year
for the analysis period. The NIA projects electric motor shipments to generally increase
over time. This is casistent with the estimates manufacturers revealed to DOE during
manufacturer interviews. The NIA then estimated the percentage of shipments assigned
to each ECG. DOE further estimated the percentage of shipments by horsepower rating,
pole configuration, ahenclosure type within each ECG. For the NIA, the shipment
distribution across ECG and the shipment distribution across horsepower rating, pole
configuration, and enclosure type do not change on a percentage basis over time. Nor
does the shipment distribon across ECGs or across horsepower rating, pole
configuration, and enclosure type change on a percentage basis due to an energy
conservation standard (e.g. the number of shipments of Design C, 1 horsepower, 4 pole,
open motor are the same in the bas®@es in the standards case). Finally, the NIA
estimated a distribution of shipments across ELs (an efficiency distribution), for each
horsepower range within each EC&& described in further detail belovingt efficiency

distributions for ECG 1 and ECGmMotors become more energy efficient over time in the
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base case, while the efficiency distributions for ECG 2 and ECG 3 do not change on a
percentage basis over time (i.e., for ECG 2 and ECG 3 motors, the efficiency

distributions at the beginning of the &rsas period are the same as the efficiency

distributions at the end of the analysis period). DOE also assumed the total volume of
shipments does not decrease due to energy conservation standards, so total shipments are

the same in the base case as irsthadards case.

For the NIA, DOE modeled a fishifto shipme
mot or s aunpdd as hMirppmhednt scenario for ECG 2 and
case of the fishifto shipment scemaaftar@, shi pn
standard is sétin this case, immediately after the standards go into effect, all shipments
below the selected TSL are brought up to meet that TSL. However, motors at or above
the selected TSL migrate to even higher efficiency levels anchoento do so over time.

Il n contrast, in thepetahdpmdetcasenafi bhewhe
selected to become the new energy conservation standard, all shipments that fall below

that selected TSL rollp to the selected TSL. Thereforeg $hipments that are at or

above the selected TSL r emai n wunpcoh asnhg epdmeinnt t
scenari o compared toupdeslihiapmerctaseceradnri a het

difference in the efficiency distribution between the stadd case and the base case is

that in the standards case all shipments falling below the selected TSL in the base case

are now at the selected TSL in the standards case.
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While the shipments from the NIA are broken out into a total number of motor
shipmerts for each ECG, horsepower rating, pole configuration, and enclosure type, the
MIA consolidates the number of motor shipments into the representative units for each
ECG. For example, the Design Bhbrsepower, $ole, enclosed motor was the
representati® unit for all Design A and B motors between 1 andh@sepower
regardless of the number of poles or enclosure type. So in the MIA DOE treated all ECG
1 (Design A and B) motor shipments between 1 antidit®epower as shipments of the
Design B, 5horsepowerepresentative unit; all ECG 1 motor shipments betweearidb
50-horsepower as shipments of the Design Bh8sepower representative unit; and all
ECG 1 motor shipments between @dd 506horsepower as shipments of the Design B,
75-horsepower represgtive unit. For ECG 2 (Design C) motors, ECG 3 (fire pump)
motors, and ECG 4 (brake) motors the MIA consolidated shipments in a similar manner,
treating all shipments in the representative

representative unit.

See the shipment analysis, chapter 9, of this NOPR TSD for additional.details

d. Markup Scenarios

As discussed in the MPC section above, the MPCs for the representative units are
the factory costs of electric motor manufacturers; these costs includéamaiszct
labor, overhead, depreciation, and any extraordinary conversion cost recovery. The MSP
is the price received by electric motor manufacturers from their direct customer, typically

either an OEM or a distributor. The MSP is not the cost theusadpays for the electric
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motor since there are typically multiple sales along the distribution chain and various

markups applied to each sale. The MSP equals the MPC multiplied by the manufacturer
markup. The manufacturer markup covers all the electricmoe manuf act ur er 6s
production costs (i.e., selling, general and administrative expenses (SG&A), normal

R&D, and interest, etc.) and profit. Total industry revenue for electric motor

manufacturers equals the MSPs at each EL for each representativeilipiied by the

number of shipments at that EL.

Modifying these manufacturer markups in the standards case yields a different set
of impacts on manufacturers than in the base case. For the MIA, DOE modeled three
standards case markup scenarios to reptdle uncertainty regarding the potential
impacts on prices and profitability for manufacturers following the implementation of
new and amended energy conservation standards: (1) a flat markup scenario, (2) a
preservation of operating profit scenariogdg8) a twetiered markup scenario. These
scenarios lead to different markup values, whidhen applied to the inputted MPCs,

result in varying revenue and cash flow impacts on manufacturers.

The flat markup scenario assumed that the cost of goodsos@ddh product is
marked up by a flat percentage to cover SG&A expenses, R&D expenses, interest
expenses, and profit. There were two values used for the flat markup, a 1.37 markup for
high volume representative units and a 1.45 markup for low volumesespiagive units.

The 1.37 markup was used for the Design-BpEsepower representative unit; the

Design C, Bhorsepower representative unit; the fire pumppEsepower representative
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unit; and the brake,-borsepower representative ufilte 1.45 markupsiused for the
Design B, 3ehorsepower and 7Borsepower representative units; the Design C, 50
horsepower representative unit; the fire pumph8sepower and 7borsepower
representative units; and the brake;ni@@sepower and 7borsepower representegi
units. This scenario represents the upper bound of industry profitability in the standards
case because manufacturers are able to fully pass through additional costs due to
standards to their customers. To derive the flat markup percentages, DOE eXiumine
SEC 10Ks of publicly traded electric motor manufacturers to estimate the industry
average gross margin percentage. DOE then used that estimate along with the flat
manufacturer markups used in the small electric motors rulemakirtg FR 10874
(March 9, 2010)since several of the small electric motor manufacturers are also
manufacturers of electric motors covered in this rulemakangreate a final estimate of

the flat markups used for electric motors covered in this rulemaking

DOE included anlgernative markup scenario, the preservation of operating profit
markup, because manufacturers stated that they do not expect to be able to markup the
full cost of production given the highly competitive market, in the standards case. The
preservation of perating profit markup scenario assumes that manufacturers are able to
maintain only the base case total operating profit in absolute dollars in the standards case,
despite higher product costs and investment. The base case total operating profit is
derivad from marking up the cost of goods sold for each product by the flat markup
described above. In the standards case for the preservation of operating profit markup

scenario, DOE adjusted the manufacturer markups in the GRIM at each TSL to yield
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approximatéy the same earnings before interest and taxes in the standards case in the

year after the compliance date of the new and amended standards as in the base case.
Under this scenario, while manufacturers are not able to yield additional operating profit
from higher production costs and the investments that are required to comply with new

and amended energy conservation standards, they are able to maintain the same operating

profit in the standards case that was earned in the base case.

DOE modeled a third pfitability scenario, a twdiered markup scenario. During
interviews, several manufacturers stated they offer two tiers of motor lines that are
differentiated, in part, by efficiency level. For example, several manufacturers offer
Design B motors that meend in some cases exceed, NEMA Premium levels. Motors
that exceed these levels typically command higher prices over NEr®tAium level
motors at identical horsepower levels. These manufacturers suggested that the premium
currently earned by the highdfieiency tiers would erode as new and amended
standards are set at higher efficiency levels, which would harm profitability. To model
this effect, DOE used information from manufacturers to estimate the higher and lower
markups for electric motors undetveo-tier pricing strategy in the base case. In the
standards case, DOE modeled the situation in which product efficiencies offered by a
manufacturer are altered due to standards. This change reduces the markup of higher
efficiency equipment as they becothe new baseline caused by the energy conservation
standard. The change in markup is based on manufacturer statements made during

interviews and on DOE®&Gs understanding of



The preservation of operating profit and tti@red markugscenarios represent
the lower bound of industry profitability in the standards case because manufacturers are
not able to fully pass through the additional costs due to standards, as manufacturers are
able to do in the flat markup scenario. Therefore, feanturers earn less revenue in the
preservation of operating profit and ttiered markup scenarios than they do in the flat

markup scenario

3. Discussion of Comments

During the August 2012 preliminary analysis public meeting, interested parties
commented o the assumptions and results of the preliminary analysis TSD. Oral and
written comments addressed several topics, including the scope of coverage, conversion
costs, enforcement of standards, and the potential increase in the motor refurbishment

market. D@ addresses these comments below.

a. Scope of Coverage

SEW-Eurodrive expressed concern about establishing energy conservation
standards for integral gearmotors. SEWodrive stated that manufacturers would have
to review and ensure the compatibility betwéss motor and the gearbox for all new
integral gearmotor designs. Setting standards for these motors, in its view, may cause
manufacturers to review potentially millions of megwar box combinations. SEW
Eurodrive also stated that since integral geaonsotomprise a system whose overall
efficiency is limited by the low efficiency of the mating gearing, an increase in the

efficiency of the motor alone would have a very small effect on the overall system

23C



efficiency. (SEWEurodrive, No. 53 at p. 3) DOE he&Ves that these integral gearmotors

can be tested by removing the gearbox and simply testing the partial motor in accordance
with the partial motor test procedure proposed8aER 38455 (June 26, 2013his

approach would allow integral gearmotor matanufacturers to test and certify the

electric motors and not every combination of electric motor and gearbox.

b. Conversion Costs

NEMA made a few comments regarding the potential difficulties and costs
associated with increasing energy conservation standafficiency levels above
NEMA Premium. First, NEMA stated that DOE should consider the current difficulties
that manufacturers from IEC countries are having when meeting the efficiency levels
under NEMA MG1 Table 1212. NEMA stated these manufacturaheady face
difficulties due to the limits of an electric motor frame size and stack length, as these
limits pose physical constraints to higher efficiency levels. Moreover, such limits to IEC
frame size and stack length are comparable to what man@iescaifNEMA frame
motors would face if required efficiency levels were increased above current NEMA
Premium efficiency levels. (NEMA, No. 54 at p. 84) NEMA did not provide any cost
data, in engineering time or dollars, that these manufacturers were filcedgarding

their compliance with NEMA M@ Table 1212 efficiency levels.

NEMA went on to give estimates for the conversion costs associated with

manufacturers producing motors above NEMA Premium efficiency levels. NEMA stated

that it would cost each amufacturer approximately $80 million in retooling and $68
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million in reengineering, testing and prototyping to switdm currently used materials

to die-cast copper rotgoroduction NEMA also stated there are other costs not directly
related to the dieasting process manufacturers would incur, if standards required copper
rotor technology. For example, NEMA noted that there are additional costs associated
with redesigning the rotor and stator to maintain compliance with NEMAIMG
performance requiremé&n NEMA also provided DOE with a few of the major costs

placed on the manufacturers if energy conservation standards exceeded NEMA Premium
efficiency levels. NEMA said manufacturers would incur significant costs due to
retooling slot insulators, automatending machines, and progressive lamination

stamping died the last of which can cost between $500,000 and $750,000 per set.
Manufacturers would also need to reengineer potentially 100,000 to 200,000
specifications per manufacturer to comply with stanslattbve NEMA Premium levels.

(NEMA, No. 54 at p. 11)

DOE took these difficulties and costs that could be placed on manufacturers into
consideration when creating the conversion costs of standards above NEMA Premium
efficiency levels. DOE also recognizé®tmagnitude of the conversion costs on the
industry at efficiency levels above NEMA Premium and this was one of the main reasons
DOE included a portion of the conversion costs in the MPC for efficiency levels above
NEMA Premium. DOE believes it is likelpat motor manufacturers would attempt to
recover these large oitiene extraordinary conversion costs at standards above NEMA
Premium through a variable cost increase in the MPCs of electric motors sold by

manufacturers.
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c. Enforcement of Standards

NEMA stakd that large domestic manufacturers could be adversely impacted by
higher energy conservation standards if DOE does not strictly enforce those new and
amended standards, especially on imported machinery with embedded motors. NEMA
commented that domesticamufacturers are currently competing with imported goods
containing electric motors that are below current motor standards. This practice puts
compliant motor manufacturers at a disadvantage because the machinery containing a
nonrcompliant motor is oftenatd at a lower cost than machinery with a compliant motor.
(NEMA, No. 54 at p. 11) DOE recognizes the need to enforce any energy conservation
standard established for motors manufactured alone or as a component of another piece
of equipment to ensure thalt manufacturers are operating on a level playing field and to

realize the actual reduction in energy consumption from these standards.

d. Motor Refurbishment

NEMA commented that if electric motors had to be redesigned to achieve higher
energy conservatiostandards potential new motor customers may be forced to rewind
older, less efficient motors because the longer or larger frame sizes that could be required
to satisfy more stringent efficiency standards might not fit as-uiropplacements for
existing euipment. (NEMA, No. 54 at p. 10) DOE agrees that adopting higher energy
conservation standards for electric motors may force motor manufacturers to increase the
length and/or the diameter of the frame. Such increase in motor frame size may cause

some macimery using electric motors to be incompatible with previous electric motor
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designs. DOE requested comment on the quantitative impacts this could have on the
electric motor and OEM markets but did not receive any quantitative responses regarding
this issue DOE is aware this could be a possible issue at the ELs above NEMA Premium,
but does not consider this to be an issue at ELs that meet or are below NEMA Premium,
since the majority of the electric motors used in existing equipment should already be at
NEMA Premium efficiency levels. Therefore, based on data available at this time, DOE
does not believe that motor refurbishment is likely to act as a batrrier to the efficiency

|l evel s proposed in todayodéds NOPR.

4. Manufacturer Interviews

DOE conducted additionatterviews with manufacturers following the
preliminary analysis in preparation for the NOPR analysis. In these interviews, DOE
asked manufacturers to describe their major concerns with this rulemaking. The
following section describes the key issues idediby manufacturers during these

interviews.

a. Efficiency Levels above NEMA Premium

During these interviews, several manufactureeseconcerned with the
difficulties associated with increasing motor efficiency levels above NEMA Premium.
Manufacturers stad that even increasing the efficiency of motors to one band above
NEMA Premium would require each manufacturer to make a significant capital

investment to retool their entire production line. It would also require manufacturers to
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completely redesign alost every motor configuration offered, which could take several

years of engineering time.

According to manufacturers, another potential problem with setting standards
above NEMA Premium is that this would misalign U.S. electric motor standards with
global motor standards (e.g., IEC motor standafdsy noted that over the past few
decades here has been an effort to harmonize global motor standardethagnew
U.S. electric motor standards a level exceeding ti¢EMA Premiumlevel would cause
U.S. electric motor markets to be out of

efficiency standards.

Several manufacturers also commented they believe any standard requiring die
casting copper rotors is infeasible. One main concern manwgestwsve regarding
copper is that not only has the price of copper significantly incleass the past
several years, there has been tremendous volatility in the price as well. Manufacturers
worry that if standards required manufacturers to use copiees rthey would be subject
to this volatile copper market. Manufacturers also noted that motor efficiency standards
requiring copper rotors for all electric motors would likely increase the price of copper

due to the increase in demand from the motorggtrg.

Another key concerthatmanufacturerfiave regarding standards that require

using copper rotors is that copper has a much higher melting temperature than aluminum,

and the pressure required to-deest copper is much higher than aluminumeyrbortend
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thatthere is a much greater chance that a significant accident or injury to their employees
could occur if manufactursivererequired to produceopper rotorsatherthan

aluminum rotors.

Lastly, several manufacturers stated they would not be@pieduce copper
die-cast rotors irhouse and would have to outsource this production. Manufacturers
stated that if the entire motor industry had to outsource their rotor production as a result
of standards that required the use ofahst copper rotorshere would be significant
supply chain problems in the motor manufacturing process. Manufacturers emphasized
during interviews that the capacity to produce copper rotors on a large commercial scale

does not exist and would be very difficult to implemi@ng¢ven a thregear time period.

Overall, manufactursrare very concerned if any electric motor standard required
motor efficiency levels beyond NEMA Premium, especially if those efficiency levels
required the use of copper rotor technolofgcording b manufacturers, efficiency
levels beyond NEMA Premium would require a significant l@fehvestment from all
electric motor manufacturers and would cause the U.S. to be out of sync with the electric
motor standards around the world. If standards redjtive use of copper rotors
manufacturers would experience further difficulties due to the potential inénease
copper priceandthevolatility of thecoppemarket,as well as the potential safety

concerns regarding the higher melting temperature gderogman aluminum.
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b. Increase in Equipment Repsir

Manufacturers have stated that as energy conservation standards increase
customers are more likely to rewind old, less efficient motors, as opposed to purchasing
newer more efficient and compliant motorfiefefore, if motor standards significantly
increase the price of motors, manufacturers believe rewinding older motors might
become a more attractive option for some customers. These customers would in turn be
using more energy than if they simply purchaaeairrently compliant motor, since
rewound motors typically do not operate at their original efficiency level after being
rewound. Manufacturers believe that DOE must take the potential consumer rewinding

decision into account when deciding on an electrators standard.

c. Enforcement

Manufacturers have stated that one of their biggest concerns with additional
energy conservation standards is the lack of enforcement of current electric motor
standards. In general, domestic manufacturers have stated thpely eath the current
electric motor regulations and will continue to comply with any future standards.
However, these manufacturers believe that there are several foreign motor manufacturers
that do not comply with the current electric motor regulatiorswaill not comply with
any future standards if the efficiency standards are increased. This would cause compliant
manufacturers to be placed at a competitive disadvantage, since complying with any
increased efficiency standards will be very costly. Soameastic manufacturers believe

the most cost effective way to reduce energy consumption of electric motors is to more



strictly enforce the existing electric motor standards rather than increase the efficiency

standards of electric motors.

K. Emissions Analysi

In the emissions analysis, DOE estimated the reduction in power sector emissions
of carbon dioxide (Cg), nitrogen oxides (Ng, sulfur dioxide (S@, and mercury (HQ)
from potential energy conservation standards for electric motors. In addition, DOE
esimates emissions impacts in production activitegracting, processing, and
transporting fuelsphat provide the energy inputs to power plants. These are referred to as
Aupstreamd emissions. Toget hfeda-cyclet(FFr@.snhe e mi s si
accor danc eFFo Statétmerd @ Edlicy (76 FR 51282 (Astyl8, 2011)as
amended at 77 FR 49701 (August 17, 2p1tRe FFC analysis includes impacts on
emissions of methane (GHand nitrous oxide (D, both of which are recognized as

greenhase gases.

DOE conductedhe emissions analysis using emissions factors that were derived

from data in the Ener gyAnnual Energyr@atiodk 23043 Agency 6 s
(AEO 2013, supplemented by data from other sources. DOE developed separate
emissions factors for power sector emissions and upstream emissions. The method that

DOE used to derive emissions factors is described in chapter 13 of the NOPR TSD.

EIA prepares thénnual Energy Outlookising the National Energy Modeling

System (NEMS)Each annual version of NEMS incorporates the projected impacts of

existing air quality regulations on emissioAEO 2013generally represents current
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legislation and environmental regulations, including recent government actions, for

which implementing rgulations were available as of December 31, 2012.

SO, emissions from affected electric generating units (EGUS) are subject to
nationwide and regional emissions eapdtrade programs. Title IV of the Clean Air Act
sets an annual emissions cap on fDaffected EGUs in the 48 contiguous States and
the District of Columbia (D.C.). Smissions from 28 eastern states and D.C. were also
limited under the Clean Air Interstate Rule (CAIR; 70 FR 25162 (May 12, 2005)), which
created an allowandeased trding program that operates along with the Title IV
program. CAIR was remanded to the U.S. Environmental Protection Agency (EPA) by
the U.S. Court of Appeals for the District of Columbia Circuit but it remained in effect.

SeeNorth Carolina v. EPA550 F.3dL176 (D.C. Cir. 2008)North Carolina v. EPA531

F.3d 896 (D.C. Cir. 2008). On July 6, 2011 EPA issued a replacement for CAIR, the
CrossState Air Pollution Rule (CSAPR). 76 FR 48208 (August 8, 2011). On August 21,
2012, the D.C. Circuit issued a decrsio vacate CSAPR. See EME Homer City
Generation, LP v. EPA, No. 11302, 2012 WL 3570721 at *24 (D.C. Cir. Aug. 21,

2012). The court ordered EPA to continue administering CAIR AE@ 2013

emi ssions factors used for tabmypygds NOPR

regulation through 2040.

The attainment of emissions caps is typically flexible among EGUs and is
enforced through the use of emissions allowances and tradable permits. Under existing

EPA regulations, any excess $Sénissions allowances resalj from the lower
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electricity demand caused by the adoption of an efficiency standard could be used to
permit offsetting increases in $@missions by any regulated EGU. In past rulemakings,
DOE recognized that there was uncertainty about the effectBoxérecy standards on

SO, emissions covered by the existing eapitrade system, but it concluded that

negligible reductions in power sector Sg€nissions would occur as a result of standards.

Beginning in 2015, however, S@missions will fall as a seilt of the Mercury
and Air Toxics Standards (MATS) for power plants. 77 FR 9304 (Feb. 16, 2012). In the
final MATS rule, EPA established a standard for hydrogen chloride as a surrogate for
acid gas hazardous air pollutants (HAP), and also establishaddast for S@(a non
HAP acid gas) as an alternative equivalent surrogate standard for acid gas HAP. The
same controls are used to reduce HAP andHhaR acid gas; thus, S@missions will
be reduced as a result of the control technologies installedadfirea power plants to
comply with the MATS requirements for acid gA&O 2013assumes that, in order to
continue operating, coal plants must have either flue gas desulfurization or dry sorbent
injection systems installed by 2015. Both technologieschvare used to reduce acid gas
emissions, also reduce $émissions. Under the MATS, NEMS shows a reduction in
SO, emissions when electricity demand decreases (e.g., as a result of energy efficiency
standards). Emissions will be far below the cap estadisly CAIR, so it is unlikely that
excess S@emissions allowances resulting from the lower electricity demand would be
needed or used to permit offsetting increases ined@ssions by any regulated EGU.
Therefore, DOE believes that efficiency standardisreduce SQ emissions in 2015 and

beyond.
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CAIR established a cap on N@missions in 28 eastern States and the District of
Columbia. Energy conservation standards are expected to have little effect on NO
emissions in those States covered by CAIR beeaxcess NGemissions allowances
resulting from the lower electricity demand could be used to permit offsetting increases
in NOy emissions. However, standards would be expected to reduceri€sions in the
States not affected by the caps, so DOE estichdlQ, emissions reductions from the

standards considered in todayds NOPR for the

The MATS limit mercury emissions from power plants, but they do not include
emi ssions caps and, as such, DOEG6s energy ¢co
Hg emissions. DOE estimated mercury emissions reduction using emissions factors based

on AEO 2013 which incorporates the MATS.

NEMA commented that DOE should consider emissions related to all aspects
involved in the production of higher efficiency motofSEMA, No. 54 at p. 31) In
response, DOE notes that EPCA directs DOE to consider the total projected amount of
energy, or as applicable, water, savings likely to result directly from the imposition of the
standard when determining whether a standardasamically justified. (42 U.S.C.
6295(0)(2)(B)(i)(1l) and 6316(a)) DOE interprets this to include energy used in the
generation, transmission, and distribution of fuels used by appliances or equipment. In
addition, DOE is using the fufbel-cycle measwa, which includes the energy consumed
in extracting, processing, and transporting

primary energy savings and the ftdlel-cycle measure are directly linked to the energy
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used by appliances or equipment. DOE lyelgethat energy used in manufacturing of

appliances or equipment falls outside the

Thus, DOE did not consider such energy use and air emissions in the NIA or in the

emissions analysis.

L. Monetizing Carbon Dioxle and Other Emissions Impacts

As part of the development of this proposed rule, DOE considered the estimated
monetary benefits from the reduced emissions of &@ NG that are expected to result
from each of the TSLs considered. In order to make #icutation similar to the
calculation of the NPV of consumer benefit, DOE considered the reduced emissions
expected to result over the lifetime of equipment shipped in the forecast period for each
TSL. This section summarizes the basis for the monetamgsalsed for each of these

emissions and presents the values considered in this rulemaking.

For todaydéds NOPR, DOE is relying on a
(SCC) that was developed by an interagency process. A summary of the bésdor
values is provided below, and a more detailed description of the methodologies used is

provided as an appendix to chapter 14 of the NOPR TSD.

1. Social Cost of Carbon
The SCC is an estimate of the monetized damages associated with an incremental
increase in carbon emissions in a given year. It is intended to include (but is not limited

to) changes in net agricultural productivity, human health, property damages from
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increased flood risk, and the value of ecosystem services. Estimates of the SCC are
provided in dollars per metric ton of carbon dioxide. A domestic SCC value is meant to
reflect the value of damages in the United States resulting from a unit change in carbon
dioxide emissions, while a global SCC value is meant to reflect the value ofjeama

worldwide.

Under section 1(b)(6) of Executive Order
Review, 060 58 FR 51735 (Oct. 4, 1993), agenci e
assess both the costs and the benefits of the intended regulation and, rectwatizing
some costs and benefits are difficult to quantify, propose or adopt a regulation only upon
a reasoned determination that the benefits of the intended regulation justify its costs. The
purpose of the SCC estimates presented here is to allow ageniciesrporate the
monetized social benefits of reducing £gnissions into codienefit analyses of
regul atory actions that have small, or fimarg
emissions. The estimates are presented with an acknowledgement of the many
uncertainties involved and with a clear understanding that they should be updated over

time to reflect increasing knowledge of the science and economics of climate impacts.

As part of the interagency process that developed the SCC estimates, technical
experts from numerous agencies met on a regular basis to consider public comments,
explore the technical literature in relevant fields, and discuss key model inputs and
assumptions. The main objective of this process was to develop a range of SCC values

usinga defensible set of input assumptions grounded in the existing scientific and
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economic literatures. In this way, key uncertainties and model differences transparently

and consistently inform the range of SCC estimates used in the rulemaking process.

a. Monetizing Carbon Dioxide Emissions

When attempting to assess the incremental economic impacts of carbon dioxide
emissions, the analyst faces a number of serious challenges. A recent report from the
National Research Council points out that any assessmésuifidr from uncertainty,
speculation, and lack of information about: (1) future emissions of greenhouse gases; (2)
the effects of past and future emissions on the climate system; (3) the impact of changes
in climate on the physical and biological envineent; and (4) the translation of these
environmental impacts into economic damages. As a result, any effort to quantify and
monetize the harms associated with climate change will raise serious questions of

science, economics, and ethics and should be diesg@rovisional.

Despite the serious limits of both quantification and monetization, SCC estimates
can be useful in estimating the social benefits of reducing carbon dioxide emissions. Most
Federal regulatory actions can be expected to have margiredtsnm global emissions.

For such policies, the agency can estimate the benefits from reduced emissions in any
future year by multiplying the change in emissions in that year by the SCC value
appropriate for that year. The net present value of the bepafitthen be calculated by
multiplying the future benefits by an appropriate discount factor and summing across all
affected years. This approach assumes that the marginal damages from increased

emissions are constant for small departures from the basgthissions path, an
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approximation that is reasonable for policies that have effects on emissions that are small
relative to cumulative global carbon dioxide emissions. For policies that have a large
(non-marginal) impact on global cumulative emissionsyéhs a separate question of
whether the SCC is an appropriate tool for calculating the benefits of reduced emissions.

This concern is not applicable to this rulemaking, however.

It is important to emphasize that the interagency process is committed to
updating these estimates as the science and economic understanding of climate change
and its impacts on society improves over time. In the meantime, the interagency group
will continue to explore the issues raised by this analysis and consider publi@entsnm

as part of the ongoing interagency process.

b. Social Cost of Carbon Values Used in Past Regulatory Analyses

Economic analyses for Federal regulations have used a wide range of values to
estimate the benefits associated with reducing carbon dioxidsiens. In the final
model year 2011 CAFE rule, the U.S. Department of Transportation (DOT) used both a
Adomestico SCC val uej,aonfd $a2 fipgelro bneeltdr i SCQ ovna | ouf
metric ton of CQfor 2007 emission reductions (in 2007$), increasing both values at 2.4
percent per year. DOT also included a sensitivity analysis at $80 per metric ton.Gf CO
A 2008 regulation proposed by DOT assumed a domestic SCC value of $7 per metric ton

of CO; (in 2006$) for 2011 emission reductions (with a range o$%$8 for sensitivity

"9 SeeAverage Fuel Economy Standards Passenger Cars and Light Trucks Model Yeat42BR114196
(March 30, 2009) (Final Rule); Final Environmental Impact Statement Corporate Average Fuel Economy
Standards, Passenger Cars and Light Trucks, Model Years225ht 3-90 (Oct. 2008) (Available at:
http://www.nhtsa.gov/fuekconomy (Last accessed December 2012).
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analysis), also increasing at 2.4 percent per Yfearegulation for packaged terminal air

conditioners and packaged terminal heat pumps finalized by DOE in October of 2008

useda domestic SCC range of $0 to $20 per metric toa {62007 emission reductions

(in 2007%). 73 FR 58772, 58814 (Oct. 7, 2008
of Proposed Rulemaking on Regulating Greenhouse Gas Emissions Under the Clean Air
Actident i fi ed what it described as fAvery preldi
73 FR 44354 (July 30, 2008). EPAGs gl obal me
CO; for discount rates of approximately 2 percent and 3 percent, respectively §& 200

for 2007 emissions).

In 2009, an interagency process was initiated to offer a preliminary assessment of
how best to quantify the benefits from reducing carbon dioxide emissions. To ensure
consistency in how benefits are evaluated across agenciégjrhmistration sought to
develop a transparent and defensible method, specifically designed for the rulemaking
process, to quantify avoided climate change damages from redugesh@3ions. The
interagency group did not undertake any original analysstedwal, it combined SCC
estimates from the existing literature to use as interim values until a more comprehensive
analysis could be conducted. The outcome of the preliminary assessment by the
interagency group was a set of five interim values: global ST ates for 2007 (in
2006%) of $55, $33, $19, $10, and $5 per metric ton of TRese interim values

represented the first sustained interagency effort within the U.S. government to develop

8 seeAverage Fuel Economy Standards, Passenger Cars and Light Trucks, Model Yes26 )73

FR 24352 (May 2, 2008) (Proposed Rule); Draft Environmental Impact Statement Corporate Average Fuel
Economy Standards, Passenger Cars and Light Trucks, Model Year@@TH &t 358 (June 2008)

(Available at:http://www.nhtsa.gov/fueéconomy (Last accessed December 2012).
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an SCC for use in regulatory analysis. The results of thisyprelry effort were

presented in several proposed and final rules.

c. Current Approach and Key Assumptions

Since the release of the interim values, the interagency group reconvened on a
regular basis to generate improved SCC estimates. Specifically, the@gmosidered
public comments and further explored the technical literature in relevant fields. The
interagency group relied on three integrated assessment models commonly used to
estimate the SCC: the FUND, DICE, and PAGE models. These models are isequent
cited in the peereviewed literature and were used in the last assessment of the
Intergovernmental Panel on Climate Change. Each model was given equal weight in the

SCC values that were developed.

Each model takes a slightly different approach to model how changes in
emissions result in changes in economic damages. A key objective of the interagency
process was to enable a consistent exploration of the three models while respecting the
different appoaches to quantifying damages taken by the key modelers in the field. An
extensive review of the literature was conducted to select three sets of input parameters
for these models: climate sensitivity, seeiconomic and emissions trajectories, and
discownt rates. A probability distribution for climate sensitivity was specified as an input
into all three models. In addition, the interagency group used a range of scenarios for the

sociaeconomic parameters and a range of values for the discount raténeklhaadel
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features were | eft unchanged, relying on the

judgments.

In 2010, the interagency group selected four sets of SCC values for use in
regulatory analyse®s. Three sets of values are based on the average SCGhireen
integrated assessment models, at discount rates of 2.5 percent, 3 percent, and 5 percent.
The fourth set, which represents the 9p#incentile SCC estimate across all three models
at a 3percent discount rate, is included to represent hitifeerexpected impacts from
climate change further out in the tails of the SCC distribution. The values grow in real
terms over time. Additionally, the interagency group determined that a range of values
from 7 percent to 23 percent should be used to adjustdbalddCC to calculate
domestic effects, although preference is given to consideration of the global benefits of
reducing CQemissionsTablelV .26 presents the values in the 2010 interagency group

report, which is reproduced in appendixA4f the NOPR TSD.

81 Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 1i28&@gency
Working Group on Social Cost of Carbon, United States Government, February 2010.
http://www.whitehouse.gov/sites/default/files/omb/inforegidgiencies/SociaCostof-Carbonfor-

RIA.pdf.
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Table IV .26 Annual SCC Values from 2010 Interagency Report, 201@050 (in 2007
dollars per metric ton CO,)

Discount Rate%
Year 5 3 2.5 3
Average Average Average 95" Percentile

2010 4.7 21.4 35.1 64.9
2015 5.7 23.8 38.4 72.8
2020 6.8 26.3 41.7 80.7
2025 8.2 29.6 45.9 90.4
2030 9.7 32.8 50.0 100.0
2035 11.2 36.0 54.2 109.7
2040 12.7 39.2 58.4 119.3
2045 14.2 42.1 61.7 127.8
2050 15.7 44.9 65.0 136.2

The SCC values used for todayés notice

versions of the three integrated assessment models that have been published in the peer
reviewed literatur&® TablelV.27shows the updated sets of SCC estimates from the 2013
interagency update in fivgear increments from 2010 to 2050. Appendix 14A of the
NOPRTSD provides the full set of values. The central value that emerges is the average
SCC across models atp&rcent discount rate. However, for purposes of capturing the
uncertainties involved in regulatory impact analysis, the interagency group emphasizes

the importance of including all four sets of SCC values.

82 Technical Update of th8ocialCost of Carbon for Regulatory Impact Analysis Under Executive Order
12866 Interagency Working Group on Social Cost of Carbon, United States Government. May 2013;
revised November 2013.
http://www.whitehouse.gov/sites/default/files/omb/assets/inforeg/techmickitesocialcostof-carbon
for-requlatorimpactanalysis.pdf
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Table IV .27 Annual SCC Values from 2013 Interagency Update, 201Q050 (in 2007
dollars per metric ton COy)

Discount Rate%
Year 5 3 2.5 3
Average Average Average 95" Percentile

2010 11 32 51 89
2015 11 37 57 109
2020 12 43 64 128
2025 14 a7 69 143
2030 16 52 75 159
2035 19 56 80 175
2040 21 61 86 191
2045 24 66 92 206
2050 26 71 97 220

It is important to recognize that a number of kegertainties remain, and that
current SCC estimates should be treated as provisional and revisable since they will
evolve with improved scientific and economic understanding. The interagency group also
recognizes that the existing models are imperfecirasaimplete. The National Research
Council report mentioned above points out that there is tension between the goal of
producing quantified estimates of the economic damages from an incremental ton of
carbon and the limits of existing efforts to model theHfects. There are a number of
concerns and problems that should be addressed by the research community, including
research programs housed in many of the Federal agencies participating in the
interagency process to estimate the SCC. The interagenqy igtends to periodically
review and reconsider those estimates to reflect increasing knowledge of the science and

economics of climate impacts, as well as improvements in modeling.
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In summary, in considering the potential global benefits resulting rfediunced

COh,emi ssions resulting from todayds rul e, DOE

interagency report , adjusted to 2012$ using the Gross Domestic Product price deflator.
For each of the four cases specified, the values used for emissions in 2013W&re $
$39.7, $61.2, and $117 per metric ton avoided (values expressed in 2012$). DOE derived
values after 2050 using the relevant growth rate for the-2080 period in the

interagency update.

DOE multiplied the C@emissions reduction estimated for each year by the SCC
value for that year in each of the four cases. To calculate a present value of the stream of
monetary values, DOE discounted the values in each of the four cases using the specific

discount rate thatad been used to obtain the SCC values in each case.

2. Valuation of Other Emissions Reductions

DOE investigated the potential monetary benefit of reduced NOx emissions from
the TSLs it considered. As noted above, DOE has taken into account how new or
amerded energy conservation standards would reduce NOx emissions in those 22 states
not affected by the CAIR. DOE estimated the monetized value of NOx emissions
reductions resulting from each of the TSLs
estimates found ithe relevant scientific literature. Available estimates suggest a very

wide range of monetary values per ton of NOx from stationary sources, ranging from
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$468 to $4,809 per ton in 20128)in accordance with OMB guidancé DOE
calculated a range of mongtdenefits using each of the economic values fox ld@d

real discount rates of@ercent and-percent.
DOE is evaluating appropriate monetization of avoided & Hg emissions in
energy conservation standards rulemakitigsas not included monet#on in the

current analysis.

M. Utility Impact Analysis

The utility impact analysis estimates several effects on the power generation
industry that would result from the adoption of new or amended energy conservation
standards. In the utility impact analy, DOE analyzes the changes in installed electricity
capacity and generation that would result for each trial standard level. The utility impact
analysis uses a variant of NEM3yhich is a public domain, mul§ectored, partial
equilibrium model of théJ.S. energy sector. DOE uses a variant of this model, referred
to as NEMSBT,*® to account for selected utility impacts of new or amended energy
conservation standards. DOEG6s analysis consi

for the most recerAEO Reference Case and for cases in which energy use is

8 For additional informationrefe to U.S. Office of Management and Budg@ffice of Information and
Regulatory Affairs2006 Report to Congress on the Costs and Benefits of Federal Regulations and
Unfunded Mandates on State, Local, and Tribal Entitiéashington, DC

84 OMB, CircularA-4: Regulatory AnalysisSept. 17, 2003).

8 For more information on NEMS, refer to the U.S. Department of Energy, Energy Information
Administration documentation. A useful summaristional Energy Modeling System: An Overview

2003 DOE/EIA-0581(2003) (Mirch, 2003).

8 DOE/EIA approves use of the name NEMS to describe only an official version of the model without any
modification to code or data. Because this analysis entails some minor code modifications and the model is
run under various policy scenagithat are variations on DOE/EIA assumptions, DOE refers to it by the
name A-REMS(ABTO is DOEO6s Building Technologies Progre
performed).
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decremented to reflect the impact of potential standards. The energy savings inputs
associated with each TSL come from the NIA. Chapter 15 of the NOPR TSD describes

the utility impact analysis in further .

N. Employment Impact Analysis

Employment impactdom new or amended energy conservation standards
include direct and indirect impacts. Direct employment impacts are any changes in the
number of employees of manufacturers of the equipment subjeantiasts; the MIA
addresses those impacts. Indirect employment impacts are changes in national
employment that occur due to the shift in expenditures and capital investment caused by
the purchase and operation of more efficient equipment. Indirect employnpacts
from standards consist of the jobs created or eliminated in the national economy, other
than in the manufacturing sector being regulated, due to: (1) reduced spending by end
users on energy; (2) reduced spending on new energy supply by tlyandiistry; (3)
increased consumer spending on the purchase of new equipment; and (4) the effects of

those three factors throughout the economy.

One method for assessing the possible effects on the demand for labor of such
shifts in economic activity i®0 compare sector employment statistics developed by the
Labor Departmentds Bureau of Labor Statistic
estimates of the number of jobs per million dollars of economic activity in different
sectors of the economy, as wadl the jobs created elsewhere in the economy by this

same economic activity. Data from BLS indicate that expenditures in the utility sector
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generally create fewer jobs (both directly and indirectly) than expenditures in other
sectors of the economy. Thexee many reasons for these differences, including wage
differences and the fact that the utility sector is more cajpitahsive and less labor

intensive than other sectors. Energy conservation standards have the effect of reducing
consumer utility billsBecause reduced consumer expenditures for energy likely lead to
increased expenditures in other sectors of the economy, the general effect of efficiency
standards is to shift economic activity from a less lab@mnsive sector (i.e., the utility
sector)to more laboiintensive sectors (e.g., the retail and service sectors). Thus, based
on the BLS data alone, DOE believes net national employment may increase because of

shifts in economic activity resulting fromew andamended standards.

For the standartgvels considered in the NOPR, DOE estimated indirect national
employment impacts using an input/output model of the U.S. economy called Impact of
Sector Energy Technologies, Version 3.1.1 (ImSET). ImSET is a spec@ise version
of the fU. Sation®lepuwtO b mpa ii&) nodél,lwhich was designed to
estimate the national employment and income effects of eisergyg technologies. The
IMSET software includes a computsased 1O model having structural coefficients that
characterize economicoflws among the 187 sectoi®. | MSETOSs
structure is based on a 2002 U.S. benchmark table, specially aggregated to the 187
sectors most relevant to industrial, commercial, and residential building energy use. DOE
notes that INSET is notgeneral equilibrium forecasting model, and understands the
uncertainties involved in projecting employment impacts, especially changes in the later

years of the analysis. Because IMSET does not incorporate price changes, the
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employment effects predicted bySET may oveestimate actual job impacts over the
long run. For the NOPR, DOE used IMSET only to estimate-stont employment

impacts.

For more details on the employment impact analysis, see chapter 16 of the NOPR

TSD.

0. Other Comments Received

IECA commented that motorends er s have not participated
motor standards process, and they urge DOE to provide an outreach effort to include
those who buy motors. (IECA, No. 52 at p.T8roughout the rulemaking process, DOE
makes aonsiderale effort to understandulemaking impactso consumers, most
specifically in the lifecycle cost analysidt encouraggvarious interested parties
including endusers of electric motor§y attend public meetings and submit comments
DOE recognizes theentral importance of the consumer perspective, and welcomes
comment from IECA and any other organizations serving consumer interest, as well as

from individual consumers, themselves.

V. Analytical Results

A. Trial Standard Levels

DOE ordinarily considers seval Trial Standard Levels (TSLs) in its analytical

process. TSLs are formed by grouping different Efficiency Levels (ELs), which are
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standard levels for each Equipment Class Grouping (ECG) of mBIOEs analyzed the
benefits and burdens of the TSLsdevple d f or t od ahGEsxampined posed r u
four TSLs for electric motorg.ableV.1 presents the TSLs analyzed and the

corresponding efficiency levébr each equipment class group

The efficiency levels in each TSL can be characterized as follows: TSL 1
represents each equipment class group moving up one efficiency level from the current
baseline, with the exception of fiump motors, which remaiat their baseline lele
TSL 2 represents NEMRremium levels for all equipment class groups with the
exception of firepump motors, which remain at the baseline; TSL 3 represents 1 NEMA
band above NEMAPremium for all groups except figump motors, with move up to
NEMA Premium; and TSL 4 represents the maximum technologically feasible level (max
tech) for all equipment class groupB.ecause todayo6s proposal i ncl
groups containing botbturrently regulated motors and those proposdektregulatedat
certain TSLsan equipment class groapay encompass different standard levels, some
of which may be above one EL above the baselineexample, at TSLIEL1L is being
proposed for equipment class grougibwever, a large number ofotors in equipment
class group 1 already have to meet HEZSL1 was selected, these motors would
continue to be required to meet the standards at TSL2, while curresréygulated

motors would be regulated to TSL1.

Table V.1 Summary of Proposed TSLs

Equipment TSL1 TSL 2 TSL 3 TSL 4
Class Group
1 EL1 EL 2 EL 3 EL 4
2 EL1 EL1 EL 2 EL 2
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ELO ELO EL1 EL 3

w

4 EL1 EL2 EL 3 EL 4

B. Economic Justification and Energy Savings

As discussed isection II.A, EPCA provides seven factors to be evaluated in
determining whether a potential energy conservation standard is economically justified.
(42 U.S.C. 6295(0)(2)(B)(i)) The following sections generally discuss how DOE is

addressing each of thoseven factors in this rulemaking

1. Economic Impacts on Individual Customers

DOE analyzed the economic impacts on electric motor customers by looking at
the effects standards would have on the LCC and PBP. DOE also examined the rebuttable
presumption payb&geriods for each equipment class, and the impacts of potential

standards on customer subgroups. These analyses are discussed below.

a. Life-Cycle Cost and Payback Period

To evaluate the net economic impact of standards on electric motor customers,
DOE conducted LCC and PBP analyses for each TSL. In general,-eifjlcancy
equipment would affect customers in two ways: (1) annual operating expense would
decrease, and (purchase price would increase. Sectidrf of this notice discusses the
inputs DOE used for calculating the LCC and PBP. The LCC and PBP results are
calculated from electric motor cost and efficiency data that are modeled in the

engireering analysis (section IV.C).
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For each representative unit, the key outputs of the LCC analysis are a mean LCC
savings and a median PBP relative to the base case, as well as the fraction of customers
for which the LCC will decrease (net benefit), in@e#énet cost), or exhibit no change
(no impact) relative to the basase product forecast. No impacts occur when the base
case efficiency equals or exceeds the efficiency at a givenTie®leV.2 throughTable
V.5 show the keyghipment weighted averagereiultsfor the representative units in
eat equipment class group

Table V.2 Summary Life-Cycle Cost and Payback Period Results fdEquipment

Class Group1

Trial Standard Level* 1 2 3 4
Efficiency Level 1 2 4
Customers with Net LCC

Cost (%)* 0.3 8.4 38.0 84.6
Customers with Net LCC

Benefit (%6)* 9.7 32.0 40.4 7.6
Customers with No

Change in LCC (%) 90.0 59.6 21.5 7.7
Mean LCC Savings ($) 43 132 68 -417
Median PBP (Years) 1.1 3.3 6.7 29.9

* The results for equipment clagsoup 1 are the shipment weighted averages of the results for

representative units 1, 2, and 3.
** Rounding may cause some items to not total 100 percent.

Table V.3 Summary Life-Cycle Cost and Payback PeriodResults for EqQuipment

Class Group?2

Trial Standard Level* 1 2 3 4
Efficiency Level 1 1 2
Customers with Net LCC

Cost (%)* 21.5 21.5 94.7 94.7
Customers with Net LCC

Benefit (%6)* 68.6 68.6 5.3 5.3
Customers with No Change

in LCC (%)* 9.9 9.9 0.0 0.0
Mean LCC Savings ($) 38 38 -285 -285
Median PBP (Years) 5.0 5.0 22.8 22.8

* The results for equipment class group 2 are the shipment weighted averages of the results for

representative units 4 and 5.

** Rounding may cause some items to not total 100 percent
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Table V.4 Summary Life-Cycle Cost and Payback Period Results fdEquipment

Class Group3

Trial Standard Level* 1 2 3 4
Efficiency Level 0 0 1 3
Customers with Net LCC

Cost (%)* 0.0 0.0 81.7 100.0
Customers with Net LCC

Benefit (%6)* 0.0 0.0 0.0 0.0
Customers with No Change

in LCC (96)* 0.0 0.0 18.3 0.0
Mean LCC Savings ($) N/A*** N/A** * -61 -763
Median PBP (Years) N/A*** N/A** * 3,299 11,957

* The results for equipment class group 3 are the shipment weighted averages of the results for

representative units 6, 7, and 8.

** Rounding may cause some items to not total 100 percent

* **Eor equipment class group 3, TSL 1 and 2theesame as the baseline; thus, no customers are affected.

Table V.5 Summary Life-Cycle Cost and Payback Period Results fdEquipment

Class Group4

Trial Standard Level* 1 2 3 4
Efficiency Level 1 4
Customers with Net LCC

Cost (%)* 1.0 10.8 33.1 79.6
Customers with Net LCC

Benefit (%) 31.8 60.8 65.8 19.9
Customers with No Change

in LCC (%)* 67.3 28.4 1.1 0.3
Mean LCC Savings ($) 137 259 210 -291
Median PBP (Years) 1.2 1.9 3.7 16.0

* The results for equipment class group 4 are the shipment weighted averages of the results for

representative units 9 and 10.

** Rounding may cause some items to not total 100 percent

b. Consumer Subgroup Analysis

In the customer subgroup analysis, DOE estimated the LCC impacts of the

electric motor TSLs on various groups of custom&akleV.6 andTableV.7 compare

theweighted averagmean LCC savings and median payback periodECG lat each

TSL for different customer subgroups.




Chapter 11 of the TSDresents the detailed results of the customer subgroup

analysisand results for the other equipment class groups.

Table V.6 Summary Life-Cycle Cost Results for Subgroups for Equipment Class

Group 1: Average LCC savings

Average LCC Savings (2012$)*
Default Elr_lg\;\(i:]y Small Inggig?' Commercial | Agricultural
EL | TSL Price Business Only Sector Only | Sector Only
1 1 43 38 37 53 40 16
2 2 132 115 111 169 118 5
3 3 68 46 45 111 53 -103
4 | 4 -417 -447 -448 -356 -440 -675

* The results for equipment class group 1 are the shipment weighted averages of the results for

representative units 1, 2, and 3.

Table V.7 Summary Life-Cycle Cost Results for Subgroups for Equipment Class

Group 1: Median Payback Period

Median Payback Period
(years)*
Default Ehz\%y Small Ingl;iigfl Commercial | Agricultural

EL | TSL Price Business Only SectorOnly | Sector Only
1 1 1.1 1.3 1.1 0.8 1.3 3.5

2 2 3.3 3.7 3.3 2.1 3.9 7.0

3 3 6.7 7.6 6.7 4.2 7.9 22.7

4 4 29.9 33.7 29.9 18.8 34.7 123.5

* The results for equipment class group 1 are the shipment weighted avefr g sesults for
representative units 1, 2, and 3.

c. Rebuttable Presumption Payback

As discussed in sectidN.F.12, EPCA establishes a rebuttalgresumption that
an energy conservation standard is economically justified if the increased purchase cost
for equipment that meets the standard is less than three times the value ofylearfirst
energy savings resulting from the standard. (42 U.S.€5©2(2)(B)(iii) and 6316(a))
DOE calculated a rebuttabpgesumption PBP for each TSL to determine whether DOE

could presume that a standard at that level is economically justified. DOE based the
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calculations on average usage profiles. As a result, D@tlated a single rebuttable
presumption payback value, and not a distribution of PBPs, for eachTableV.8

shows the rebuttableresumption PBP®f the considered TSLs. The rebuttable
presumption is fulfilled in those cases where the PBP is three years or less. However,
DOE routinely conducts an economic analysis that considers the full range of impacts to
the customer, manufacturer, Nation, andiemment, as required under 42 U.S.C.
6295(0)(2)(B)(i) as applied to equipment via 42 U.S.C. 6316(a). The results of that
analysis serve as the basis for DOE to definitively evaluate the economic justification for
a potential standard level (thereby supipg or rebutting the results of any thrgear

PBP analysis). Section.C addresses how DOE considered the range of impacts to select
today®s NOP

Table V.8 Rebuttable-Presumption Payback Periods (years)

Trial Standard Level
1 2 3 4
Equipment Class Group1 0.6 0.8 1.2 4.3
Equipment Class Group 2 1.8 1.8 8.0 8.0
Equipment Class Group 3 0.0 0.0 900 5,464
Equipment Class Group4 0.6 0.9 1.3 45

* The results for each equipment class group (ECG) are a shipment weighted average of results for the
representative units in the group. ECG 1: Representative units 1, 2, and 3; RE@e&sentative units 4
and 5; ECG 3: Representative units 6, 7, and 8; ECG 4: Representative units 9 and10.

2. Economic Impacts on Manufacturers

DOE performed an MIA to estimate the impact of new and amended energy
conservation standards on manufacturerexdtric motors. The section below describes
the expected impacts on manufacturers at each TSL. Chapter 12 of the TSD explains the

analysis in further detail.
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The tables below depict the financial impacts (represented by changes in INPV)
of new and amendeenergy conservation standards on manufacturers as well as the
conversion costs that DOE estimates manufacturers would incur at each TSL. DOE
displays the INPV impacts by TSL for each ECG in accordance with the grouping
described in detail in sectidhA. To evaluate the range of cash flow impacts on the
electric motor industry, DOE modeled three markup scenarios that correspond to the
range of antipated market responses to new and amended standards. Each markup
scenario results in a unique set of cash flows and corresponding industry value at each
TSL. All three markup scenarios are presented below. In the following discussion, the
INPV results réer to the difference in industry value between the base case and the
standards case that result from the sum of discounted cash flows from the base year
(2013) through the end of the analysis period. The results also discuss the difference in
cash flow beveen the base case and the standards case in the year before the compliance
date for new and amended energy conservation standards. This figure represents how
large the required conversion costs are relative to the cash flow generated by the industry
in the absence of new and amended energy conservation standards. In the engineering
analysis, DOE enumerates common technology options that achieve the efficiencies for
each of the representative units within an ECG. For descriptions of these technology

optiors and the required efficiencies at each TSL, seesdstiGhof t oday és noti ce

a. Industry Caskrlow Analysis Results

The results below show thrédPV tables representing the three markup

scenarios used for the analysis. The first table reflects the flat markup scenario, which is
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