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DEPARTMENT OF ENERGY

10 CFR Part 431

[Docket Number EERE-2010-BT-STD-
0048]

RIN 1904-AC04

Energy Conservation Program: Energy
Conservation Standards for
Distribution Transformers

AGENCY: Office of Energy Efficiency and
Renewable Energy, Department of
Energy.

ACTION: Notice of proposed rulemaking
and public meeting.

SUMMARY: The Energy Policy and
Conservation Act of 1975 (EPCA), as
amended, prescribes energy
conservation standards for various
consumer products and certain
commercial and industrial equipment,
including low-voltage dry-type
distribution transformers, and directs
the U.S. Department of Energy (DOE) to
prescribe standards for various other
products and equipment, including
other types of distribution transformers.
EPCA also requires DOE to determine
whether more-stringent, amended
standards would be technologically
feasible and economically justified, and
would save a significant amount of
energy. In this notice, DOE proposes
amended energy conservation standards
for distribution transformers. The notice
also announces a public meeting to
receive comment on these proposed
standards and associated analyses and
results.

DATES: DOE will hold a public meeting
on February 23, 2012, from 9 a.m. to

1 p.m., in Washington, DC. The meeting
will also be broadcast as a Webinar. See
section VII Public Participation for
Webinar registration information,
participant instructions, and
information about the capabilities
available to Webinar participants.

DOE will accept comments, data, and
information regarding this notice of
proposed rulemaking (NOPR) before and
after the public meeting, but no later
than April 10, 2012. See section VII
Public Participation for details.
ADDRESSES: The public meeting will be
held at the U.S. Department of Energy,
Forrestal Building, Room 8E-089, 1000
Independence Avenue SW.,
Washington, DC 20585. To attend,
please notify Ms. Brenda Edwards at
(202) 586—2945. Please note that foreign
nationals visiting DOE Headquarters are
subject to advance security screening
procedures. Any foreign national
wishing to participate in the meeting
should advise DOE as soon as possible

by contacting Ms. Edwards to initiate
the necessary procedures. In addition,
persons can attend the public meeting
via Webinar. For more information, refer
to the Public Participation section near
the end of this notice.

Any comments submitted must
identify the NOPR for Energy
Conservation Standards for Distribution
Transformers, and provide docket
number EERE-2010-BT-STD-0048
and/or regulation identifier number
(RIN) number 1904—AC04. Comments
may be submitted using any of the
following methods:

1. Federal eRulemaking Portal:
www.regulations.gov. Follow the
instructions for submitting comments.

2. Email: Distribution Transformers-
2010-STD-0048@ee.doe.gov. Include 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 EE-2],
1000 Independence Avenue SW.,
Washington, DC 20585-0121. If
possible, please submit all items on a
CD. It is not necessary to include
printed copies.

4. Hand Delivery/Courier: Ms. Brenda
Edwards, U.S. Department of Energy,
Building Technologies Program, 950
L’Enfant Plaza SW., Suite 600,
Washington, DC 20024. Telephone:
(202) 586—2945. If possible, please
submit all items on a CD, in which case
it is not necessary to include printed
copies.

Written comments regarding the
burden-hour estimates or other aspects
of the collection-of-information
requirements contained in this proposed
rule may be submitted to Office of
Energy Efficiency and Renewable
Energy through the methods listed
above and by email to
Chad S Whiteman@omb.eop.gov.

For detailed instructions on
submitting comments and additional
information on the rulemaking process,
see section VII of this document (Public
Participation).

Docket: The docket is available for
review at www.regulations.gov,
including Federal Register notices,
framework documents, public meeting
attendee lists and transcripts,
comments, and other supporting
documents/materials. A link to the
docket Web page can be found at: http://
www.regulations.gov/
#!docketDetail;rpp=10;po=0;D=EERE-
2010-BT-STD-0048.

FOR FURTHER INFORMATION CONTACT:
James Raba, U.S. Department of Energy,
Office of Energy Efficiency and
Renewable Energy, Building

Technologies Program, EE-2], 1000
Independence Avenue SW.,
Washington, DC 20585-0121.
Telephone: (202) 586—8654. Email:
Jim.Raba@ee.doe.gov.

Ami Grace-Tardy, U.S. Department of
Energy, Office of the General Counsel,
GC-71, 1000 Independence Avenue
SW., Washington, DC 20585-0121.
Telephone: (202) 586—-5709. Email:
Ami.Grace-Tardy@hgq.doe.gov.

SUPPLEMENTARY INFORMATION:
Table of Contents

I. Summary of the Proposed Rule
A. Benefits and Costs to Consumers
B. Impact on Manufacturers
C. National Benefits
II. Introduction
A. Authority
B. Background
1. Current Standards
2. History of Standards Rulemaking for
Distribution Transformers
III. General Discussion
A. Test Procedures
1. General
2. Multiple kVA Ratings
3. Dual/Multiple-Voltage Basic Impulse
Level
4. Dual/Multiple-Voltage Primary
Windings
5. Dual/Multiple-Voltage Secondary
Windings
6. Loading
B. Technological Feasibility
1. General
2. Maximum Technologically Feasible
Levels
C. Energy Savings
1. Determination of Savings
2. Significance of Savings
D. Economic Justification
1. Specific Criteria
a. Economic Impact on Manufacturers and
Consumers
b. Life-Cycle Costs
c. Energy Savings
d. Lessening of Utility or Performance of
Products
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. Scope of Coverage
a. Definitions
b. Underground Mining Transformer
Coverage
c. Low-Voltage Dry-Type Distribution
Transformers
d. Negotiating Committee Discussion of
Scope
2. Equipment Classes
a. Less-Flammable Liquid-Immersed
Transformers
b. Pole- and Pad-Mounted Liquid-
Immersed Distribution Transformers
c. BIL Ratings in Liquid-Immersed
Distribution Transformers
Technology Options
a. Core Deactivation

w


http://www.regulations.gov/#!docketDetail;rpp=10;po=0;D=EERE-2010-BT-STD-0048
http://www.regulations.gov/#!docketDetail;rpp=10;po=0;D=EERE-2010-BT-STD-0048
http://www.regulations.gov/#!docketDetail;rpp=10;po=0;D=EERE-2010-BT-STD-0048
http://www.regulations.gov/#!docketDetail;rpp=10;po=0;D=EERE-2010-BT-STD-0048
mailto:DistributionTransformers-2010-STD-0048@ee.doe.gov
mailto:DistributionTransformers-2010-STD-0048@ee.doe.gov
mailto:Chad_S_Whiteman@omb.eop.gov
mailto:Ami.Grace-Tardy@hq.doe.gov
http://www.regulations.gov
http://www.regulations.gov
mailto:Jim.Raba@ee.doe.gov

Federal Register/Vol.

77, No. 28/Friday, February 10, 2012/Proposed Rules

7283

. Symmetric Core

. Intellectual Property

. Screening Analysis

. Nanotechnology Composites

. Engineering Analysis

. Engineering Analysis Methodology

. Representative Units

. Design Option Combinations

A and B Loss Value Inputs

Materials Prices

Markups

Factory Overhead

Labor Costs

. Shipping Costs

. Baseline Efficiency and Efficiency Levels

. Scaling Methodology

. Material Availability

10. Primary Voltage Sensitivities

11. Impedance

12. Size and Weight

D. Markups Analysis

E. Energy Use Analysis

F. Life-Cycle Cost and Payback Period
Analysis

1. Modeling Transformer Purchase
Decision

2. Inputs Affecting Installed Cost

a. Equipment Costs

b. Installation Costs

3. Inputs Affecting Operating Costs

a. Transformer Loading

b

c

d

©CONOTPOIURWNRL ORI T

. Load Growth Trends
. Electricity Costs
. Electricity Price Trends
e. Standards Compliance Date
f. Discount Rates
g. Lifetime
h. Base Case Efficiency
G. National Impact Analysis—National
Energy Savings and Net Present Value
Analysis
1. Shipments
2. Efficiency Trends
3. Equipment Price Forecast
4. Discount Rate
5. Energy Used in Manufacturing
Transformers
H. Customer Subgroup Analysis
I. Manufacturer Impact Analysis
. Overview
. Government Regulatory Impact Model
GRIM Key Inputs
. Manufacturer Production Costs
. Base-Case Shipments Forecast
Product and Capital Conversion Costs
. Standards Case Shipments
Markup Scenarios
. Discussion of Comments
. Material Availability
. Symmetric Core Technology
. Patents Related to Amorphous Steel
Production
Manufacturer Interviews
Conversion Costs and Stranded Assets
. Shortage of Materials
. Compliance
d. Effective Date
e. Emergency Situations
J. Employment Impact Analysis
K. Utility Impact Analysis
L. Emissions Analysis
M. Monetizing Carbon Dioxide and Other
Emissions Impacts
1. Social Gost of Carbon
a. Monetizing Carbon Dioxide Emissions
b. Social Cost of Carbon Values Used in
Past Regulatory Analyses

QTP R0 TR WNR

o o

c. Gurrent Approach and Key Assumptions
2. Valuation of Other Emissions
Reductions
N. Discussion of Other Comments
1. Trial Standard Levels
2. Proposed Standards
3. Alternative Methods
4. Labeling
5. Imported Units
V. Analytical Results and Conclusions
A. Trial Standard Levels
B. Economic Justification and Energy
Savings
Economic Impacts on Customers
Life-Cycle Cost and Payback Period
Customer Subgroup Analysis
Rebuttable-Presumption Payback
Economic Impact on Manufacturers
Industry Cash-Flow Analysis Results
Impacts on Employment
Impacts on Manufacturing Capacity
Impacts on Subgroups of Manufacturers
Cumulative Regulatory Burden
National Impact Analysis
Significance of Energy Savings
Net Present Value of Customer Costs and
Benefits
. Indirect Impacts on Employment
Impact on Utility or Performance of
Equipment
Impact of Any Lessening of Competition
Need of the Nation to Conserve Energy
Summary of National Economic Impacts
Other Factors
Proposed Standards
Benefits and Burdens of Trial Standard
Levels Considered for Liquid-Immersed
Distribution Transformers
2. Benefits and Burdens of Trial Standard
Levels Considered for Low-Voltage, Dry-
Type Distribution Transformers
. Benefits and Burdens of Trial Standard
Levels Considered for Medium-Voltage,
Dry-Type Distribution Transformers
4. Summary of Benefits and Costs
(Annualized) of the Proposed Standards
VI. Procedural Issues and Regulatory Review
A. Review Under Executive Orders 12866
and 13563
B. Review Under the Regulatory Flexibility
Act
1. Description and Estimated Number of
Small Entities Regulated
. Methodology for Estimating the Number
of Small Entities
b. Manufacturer Participation
. Distribution Transformer Industry
Structure and Nature of Competition
d. Comparison Between Large and Small
Entities
. Description and Estimate of Compliance
Requirements
. Summary of Compliance Impacts
. Duplication, Overlap, and Conflict With
Other Rules and Regulations
4. Significant Alternatives to the Proposed
Rule
. Significant Issues Raised by Public
Comments
6. Steps DOE Has Taken To Minimize the
Economic Impact on Small
Manufacturers
C. Review Under the Paperwork Reduction
Act
D. Review Under the National
Environmental Policy Act of 1969

TR WP ARTPNO TR R

0

FO®PNS @

w

o5

@]

no

w P

ol

E. Review Under Executive Order 13132

F. Review Under Executive Order 12988

G. Review Under the Unfunded Mandates
Reform Act of 1995

H. Review Under the Treasury and General
Government Appropriations Act, 1999

I. Review Under Executive Order 12630

J. Review Under the Treasury and General
Government Appropriations Act, 2001

K. Review Under Executive Order 13211

L. Review Under the Information Quality
Bulletin for Peer Review

VII. Public Participation

A. Attendance at the Public 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

I. Summary of the Proposed Rule

Title III, Part B of the Energy Policy
and Conservation Act of 1975 (EPCA or
the Act), Public Law 94-163 (42 U.S.C.
62916309, as codified), established the
Energy Conservation Program for
“Consumer Products Other Than
Automobiles.” Part C of Title IIT of
EPCA (42 U.S.C. 6311-6317) established
a similar program for ““Certain Industrial
Equipment,” including distribution
transformers.® Pursuant to EPCA, any
new or amended energy conservation
standard that the Department of Energy
(DOE) prescribes for certain equipment,
such as distribution transformers, shall
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, the new or amended
standard must result in a significant
conservation of energy. (42 U.S.C.
6295(0)(3)(B) and 6316(a)). In
accordance with these and other
statutory provisions discussed in this
notice, DOE proposes amended energy
conservation standards for distribution
transformers. The proposed standards
are summarized in the following tables:
Table 1.1, through Table 1.3 that describe
the covered equipment classes and
proposed trial standard levels (TSLs),
Table 1.4 that shows the mapping of TSL
to energy efficiency levels (ELs),2 and
Table 1.5 through Table 1.8 which show
the proposed standard in terms of
minimum electrical efficiency. These
proposed standards, if adopted, would
apply to all covered distribution
transformers listed in the tables and
manufactured in, or imported into, the

1For editorial reasons, upon codification in the
U.S. Code, Parts B and G were redesignated as Parts
A and A-1, respectively.

2 A detailed description of the mapping of trial
standard level to energy efficiency levels can be
found in the Technical Support Document, chapter
10 section 10.2.2.3 pg 10-10.
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United States on or after January 1,
2016. As discussed in section IV.C.8 of
this notice, any distribution transformer
with a kVA rating falling between the

kVA ratings shown in the tables shall
meet a minimum energy efficiency level
calculated by a linear interpolation of
the minimum efficiency requirements of

the kVA ratings immediately above and
below that rating.3

TABLE |.1—PROPOSED ENERGY CONSERVATION STANDARDS FOR LIQUID-IMMERSED DISTRIBUTION TRANSFORMERS
(COMPLIANCE STARTING JANUARY 1, 2016)

Equipment class Design line Type zgﬁﬁf BIL Prgl_pSoEed
T 1,2and 3 ., Liquid-immersed .........c.ccoeeeeennee. 1| Any ... 1
2P PRSPPI UPRI 4and 5 i Liquid-immersed ..........cccocveernnnen. Any ... 1

Note: BIL means “basic impulse insulation level.”

TABLE |.2—PROPOSED ENERGY CONSERVATION STANDARDS FOR LOW-VOLTAGE, DRY-TYPE DISTRIBUTION
TRANSFORMERS (COMPLIANCE STARTING JANUARY 1, 2016)

Equipment class Design line Type 223?‘? BIL Prql_pSoEed
B B Low-voltage, dry-type .............. 1| <10 kV 1
G 7and 8 ...ooooiviiiiiieeeee e Low-voltage, dry-type .............. <10 kV 1

Note: BIL means “basic impulse insulation level.”

TABLE |.3—PROPOSED ENERGY CONSERVATION STANDARDS FOR MEDIUM-VOLTAGE, DRY-TYPE DISTRIBUTION
TRANSFORMERS (COMPLIANCE STARTING JANUARY 1, 2016)

Equipment class Design line Type Zgﬁﬁ? BIL Prql_pSoEed
9and 10 ..o Medium-voltage, dry-type ....... 1| 2545 kV 2
9 and 10 ... Medium-voltage, dry-type ....... 3 | 25-45 kV 2
11 and 12 ., Medium-voltage, dry-type ....... 1| 46-95 kV 2
11and 12 ., Medium-voltage, dry-type ....... 3 | 4695 kV 2
13A and 13B ... Medium-voltage, dry-type ....... 1 | 296 kV 2
13Aand 13B ..., Medium-voltage, dry-type ....... 3 | 296 kV 2

Note: BIL means “basic impulse insulation level,” and measures how resistant a transformer’s insulation is to large voltage transients.

TABLE |.4—TRIAL STANDARD LEVEL TO ENERGY EFFICIENCY LEVEL MAPPING FOR PROPOSED ENERGY CONSERVATION

STANDARD
Type Design line | Phase count Prqlpsoi;ed Energylle(\a/g:mency

LiqUid-IMMErSEA .......eeiieiiiee et 1 1
2 1
3 1
4 3
5 3
LOW-VOIAGE, Ary-tYPe ..ot 6 1
7 3
8 3
Medium-voltage, dry-type .........cccooiiiiiiiiie e 9 3
10 3
11 3
12 3

13A B | e 1

13B B e 2

3KkVA is an abbreviation for kilovolt-ampere,
which is a capacity metric used by industry to

classify transformers. A transformer’s kVA rating

represents its output power when it is fully loaded
(i.e., 100 percent).
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TABLE |.5—PROPOSED ELECTRICAL EFFICIENCIES FOR ALL LIQUID-IMMERSED DISTRIBUTION TRANSFORMER EQUIPMENT
CLASSES (COMPLIANCE STARTING JANUARY 1, 2016)

Standards by kVA and equipment class

Equipment class 1 Equipment class 2
kVA % kVA %

98.70 98.65
98.82 98.83
98.95 98.92
99.05 99.03
99.11 99.11
99.19 99.16
99.25 99.23
99.33 99.27
99.39 99.35
99.43 99.40
99.49 99.43

99.48

TABLE |.6—PROPOSED ELECTRICAL EFFICIENCIES FOR ALL LOW-VOLTAGE DRY-TYPE DISTRIBUTION TRANSFORMER
EQUIPMENT CLASSES (COMPLIANCE STARTING JANUARY 1, 2016)

Standards by kVA and equipment class

Equipment class 3 Equipment class 4
kVA % kVA %

97.73 97.44
98.00 97.95
98.20 98.20
98.31 98.47
98.50 98.66
98.60 98.78
98.75 98.92
98.87 99.02
98.94 99.17

99.27

99.34

TABLE |.7—PROPOSED ELECTRICAL EFFICIENCIES FOR ALL MEDIUM-VOLTAGE DRY-TYPE DISTRIBUTION TRANSFORMER
EQUIPMENT CLASSES (COMPLIANCE STARTING JANUARY 1, 2016)

Standards by kVA and equipment class

Equipment class 5 Equipment class 6 Equipment class 7 Equipment class 8 Equipment class 9 Equipment class 10
kVA % kVA % kVA % kVA % kVA % kVA %
98.10 97.50 97.86 9718 || oo | e || e | e,
98.33 97.90 98.12 97.63
98.49 98.10 98.30 97.86
98.60 98.33 98.42 98.13
98.73 98.52 98.57 98.36
98.82 98.65 98.67 98.51
98.96 98.82 98.83 98.69
99.07 98.93 98.95 98.81
99.14 99.09 99.03 98.99
99.22 99.21 99.12 99.12
99.27 99.28 99.18 99.20
99.31 99.37 99.23 99.30
99.43 99.36
99.47 99.41
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A. Benefits and Costs to Consumers #

Table 1.8 presents DOE’s evaluation of
the economic impacts of the proposed
standards on customers of distribution
transformers, as measured by the
average life-cycle cost (LCC) savings and
the median payback period (PBP). DOE
measures the impacts of standards
relative to a base case that reflects likely
trends in the distribution transformer
market in the absence of amended
standards. The base case predominantly
consists of products at the baseline
efficiency levels evaluated for each
representative unit, which correspond
to the existing energy conservation
standard level of efficiency for
distribution transformers established
either in DOE’s 2007 rulemaking or by
EPACT 2005. The average LCC savings
are positive for all but two of the design
lines, for which customers are not
impacted by the proposed standards.
(Throughout this document,
“distribution transformers” are also
referred to as simply ‘“‘transformers.”)

TABLE |.8—IMPACTS OF PROPOSED
STANDARDS ON CUSTOMERS OF Dis-
TRIBUTION TRANSFORMERS

Average Median pay-

Design Line LCC sav- back period
ings (2010%) (years)

Liquid-Immersed

36 20.2

*N/A *N/A

2,413 6.3

862 5.0

7,787 4.0

Low-Voltage, Dry-Type

[ I *N/A *N/A
T o 1,714 4.5
< S 2,476 8.4
Medium-Voltage, Dry-Type
(< I 849 2.6
10 e 4,791 8.8
I NS 1,043 10.7
12 .. 6,934 9.0
13A ... 25 16.5

4 For the purposes of this document, the
“consumers” of distribution transformers are
referred to as “customers.” Customers refer to
electric utilities in the case of liquid-immersed
transformers, and to utilities and building owners
in the case of dry-type transformers.

TABLE |.8—IMPACTS OF PROPOSED
STANDARDS ON CUSTOMERS OF Dis-
TRIBUTION TRANSFORMERS—Contin-

ued
Average Median pay-
Design Line LCC sav- back period
ings (2010%) (years)
13B .o 4,709 12.5

*No consumers are impacted by the pro-
posed standard because no change from the
minimum efficiency standard is proposed for
design lines 2 and 6.

B. Impact on Manufacturers

The industry net present value (INPV)
is the sum of the discounted cash flows
to the industry from the base year
through the end of the analysis period
(2011 through 2045). Using a real
discount rate of 7.4 percent for liquid-
immersed distribution transformers,

9 percent for medium-voltage dry-type
distribution transformers, and 11.1
percent for low-voltage dry- type
distribution transformers, DOE
estimates that the industry net present
value (INPV) for manufacturers of
liquid-immersed, medium-voltage dry-
type and low-voltage dry-type
distribution transformers is $625
million, $91 million, and $220 million,
respectively, in 2011$. Under the
proposed standards, DOE expects that
liquid-immersed manufacturers may
lose up to 6.3 percent of their INPV,
which is approximately $39.6 million;
medium-voltage manufacturers may lose
up to 7.1 percent of their INPV, which
is approximately $6.5 million; and low-
voltage dry-type manufacturers may lose
up to 7.7 percent of their INPV, which
is approximately $16.8 million.
Additionally, based on DOE’s
interviews with the manufacturers of
distribution transformers, DOE does not
expect any plant closings or significant
loss of employment.

C. National Benefits

DOE'’s analyses indicate that the
proposed standards would save a
significant amount of energy—an
estimated 1.58 quads over 30 years
(2016-2045). In addition, DOE expects
the energy savings from the proposed
standards to be equivalent to the energy
output from 2.40 gigawatts (GW) of
generating capacity by 2045.

The cumulative national net present
value (NPV) of total consumer costs and
savings of the proposed standards for
distribution transformers sold in 2016—

2045, in 2010$, ranges from $2.9 billion
(at a 7-percent discount rate) to $12.2
billion (at a 3-percent discount rate)
over 30 years (2016—2045). This NPV
expresses the estimated total value of
future operating cost savings minus the
estimated increased equipment costs for
distribution transformers purchased in
2016-2045, discounted to 2010.

In addition, the proposed standards
would have significant environmental
benefits. The energy savings are
expected to result in cumulative
greenhouse gas emission reductions of
122.1 million metric tons (Mt) 5 of
carbon dioxide (CO») from 2016—2045.
During this period, the proposed
standards are expected to result in
emissions reductions of 99.7 thousand
tons of nitrogen oxides (NOx) and 0.819
tons of mercury (Hg).6

The value of the CO, reductions is
calculated using a range of values per
metric ton of CO, (otherwise known as
the Social Cost of Carbon, or SCC)
developed by a recent interagency
process. The derivation of the SCC
values is discussed in section IV.M.
DOE estimates the net present monetary
value of the CO, emissions reduction is
between $0.71 and $12.5 billion,
expressed in 20108 and discounted to
2010. DOE also estimates the net present
monetary value of the NOx emissions
reduction, expressed in 2010$ and
discounted to 2010, is between $0.069
billion at a 7-percent discount rate and
$0.210 billion at a 3-percent discount
rate.”

Table 1.9 summarizes the national
economic costs and benefits expected to
result from today’s proposed standards
for distribution transformers.

5 A metric ton is equivalent to 1.1 short tons. A
short ton is equal to 2,000 pounds. Results for NOx
and Hg are presented in short tons (referred to here
as simply “‘tons.”)

6DOE calculates emissions reductions relative to
the most recent version of the Annual Energy
Outlook (AEO) Reference case forecast. This
forecast accounts for emissions reductions from in-
place regulations, including the Clean Air Interstate
Rule (CAIR, 70 FR 25162 (May 12, 2005)), but not
the Clean Air Mercury Rule (CAMR, 70 FR 28606
(May 18, 2005)). Subsequent regulations, including
the Cross-State Air Pollution rule issued on July 6,
2011, do not appear in the AEO forecast at this
time.

7DOE is aware of multiple agency efforts to
determine the appropriate range of values used in
evaluating the potential economic benefits of
reduced Hg emissions. DOE has decided to await
further guidance regarding consistent valuation and
reporting of Hg emissions before it once again
monetizes Hg in its rulemakings.
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TABLE 1.9—SUMMARY OF NATIONAL ECONOMIC BENEFITS AND COSTS OF PROPOSED DISTRIBUTION TRANSFORMER
ENERGY CONSERVATION STANDARDS

Present value Discount rate
Category billion 20108 (percent)
Benefits:
OPerating CoOSt SAVINGS ....veiviieerieiiereiiee ettt r e e e r e s b e e n et e e e e sreear e nresan e sreeneennesneenneaneens 5.58 7
17.44 3
CO> Reduction Monetized Value (At $4.9/t) * ..o..ooiiiiiirireree et 0.71 5
CO; Reduction Monetized Value (at $22.3/t) * 413 3
CO- Reduction Monetized Value (at $36.5/t) * 7.20 2.5
CO; Reduction Monetized Value (at $67.6/t) * 12.54 3
NOx Reduction Monetized Value (at $2,537/t0N) * .......ccoiiiiriiieeertre et 0.069 7
0.210 3
B0} €= U 27T 1= ) OSSP 9.78 7
21.7 3
Costs:
Incremental INSEAllEA COSES .....oouiiiiieie ettt e et e st e b e e et e e beeenbe e bt e enbeesneesnseaannean 2.67 7
5.21 3
Net Benefits:
INCIUAING CO2 @NA NOX .. e s e e ere s 7.10 7
16.5 3

*The CO, values represent global monetized values of the SCC in 2010 under several scenarios. The values of $4.9, $22.1, and $36.3 per
metric ton (t) are the averages of SCC distributions calculated using 5%, 3%, and 2.5% discount rates, respectively. The value of $67.1/t rep-
resents the 95th percentile of the SCC distribution calculated using a 3% discount rate. A metric ton is equivalent to 1.1 short tons. A short ton is
equal to 2,000 pounds. Results for NOx are presented in short tons (referred to here as simply “tons.”)

**Total Benefits for both the 3% and 7% cases are derived using the SCC value calculated at a 3% discount rate, and the average of the low

and high NOx values used in DOE’s analysis.

The benefits and costs of today’s
proposed standards, for equipment sold
in 2016—2045, can also be expressed in
terms of annualized values. The
annualized monetary values are the sum
of: (1) The annualized national
economic value of the benefits from
consumer operation of equipment that
meets the proposed standards
(consisting primarily of operating cost
savings from using less energy minus
increases in equipment purchase and
installation costs, which is another way
of representing consumer NPV), and (2)
the annualized monetary value of the
benefits of emission reductions,
including CO» emission reductions.8

Although combining the values of
operating savings and CO, emission
reductions provides a useful
perspective, two issues should be
considered. First, the national operating
savings are domestic U.S. consumer
monetary savings that occur as a result

of market transactions while the value
of CO, reductions is based on a global
value. Second, the assessments of
operating cost savings and CO, savings
are performed with different methods
that use different time frames for
analysis. The national operating cost
savings is measured for the lifetime of
distribution transformers shipped in
2016-2045. The SCC values, on the
other hand, reflect the present value of
some future climate-related impacts
resulting from the emission of one
metric ton of carbon dioxide in each
year. These impacts continue well
beyond 2100.

Estimates of annualized benefits and
costs of today’s proposed standards are
shown in Table 1.10. (All monetary
values below are expressed in 20108.)
The results under the primary estimate
are as follows. Using a 7-percent
discount rate for benefits and costs other
than CO; reduction, for which DOE

used a 3-percent discount rate along
with the SCC series corresponding to a
value of $22.3/metric ton in 2010, the
cost of the standards proposed in
today’s proposed standards is $302
million per year in increased equipment
costs. The benefits are $631 million per
year in reduced equipment operating
costs, $244 million in CO; reductions,
and $7.78 million in reduced NOx
emissions. In this case, the net benefit
amounts to $581 million per year. Using
a 3-percent discount rate for all benefits
and costs and the SCC series
corresponding to a value of $22.3/metric
ton in 2010, the cost of the standards
proposed in today’s rule is $308 million
per year in increased equipment costs.
The benefits are $1,026 million per year
in reduced operating costs, $244 million
in CO, reductions, and $12.4 million in
reduced NOx emissions. In this case, the
net benefit amounts to $975 million per
year.

TABLE |.10—ANNUALIZED BENEFITS AND COSTS OF PROPOSED STANDARDS FOR DISTRIBUTION TRANSFORMERS

Monetized (million 2010$/year)

Discount rate

Low net
benefits esti-
mate *

Primary esti-
mate *

High net ben-
efits estimate *

Benefits:

8DOE used a two-step calculation process to
convert the time-series of costs and benefits into
annualized values. First, DOE calculated a present
value in 2011, the year used for discounting the
NPV of total consumer costs and savings, for the
time-series of costs and benefits using discount

rates of 3 and 7 percent for all costs and benefits
except for the value of CO; reductions. For the
latter, DOE used a range of discount rates, as shown
in Table 1.9. From the present value, DOE then
calculated the fixed annual payment over a 30-year
period, starting in 2011 that yields the same present

value. The fixed annual payment is the annualized
value. Although DOE calculated annualized values,
this does not imply that the time-series of cost and
benefits from which the annualized values were
determined would be a steady stream of payments.
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TABLE |.10—ANNUALIZED BENEFITS AND COSTS OF PROPOSED STANDARDS FOR DISTRIBUTION TRANSFORMERS—

Continued

Monetized (million 2010$/year)

Discount rate

Low net

Operating Cost Savings

CO, Reduction at $4.9/t**

CO; Reduction at $22.3/t**
CO, Reduction at $36.5/t**
CO; Reduction at $67.6/t**
NOx Reduction at $2,537/ton**

Total T

Costs:
Incremental Product Costs

Total Net Benefits:
Total t

7% plus CO- range
7%
3% plus CO- range ...
3%

Primary esti- h . High net ben-
matsé* ben;fgttz esti- efitgs estimate *
...................... 659.
1,075.
58.6.
244.
389.
742.
...................... T% coeeeeeeeeeeieiiiiiieeeeeeiniinieenenes | 178 e | 778 e | 7.78.
B% et 124 124 ... 12.4.
...................... 7% plus CO- range 697 to 1380 660 to 1343 726 to 1409.
T% oo 883 .. 846 ....ooeeue 911.
3% plus CO> range ... 1097 to 1780 | 1021 to 1704 | 1146 to 1829.
B% e 1,283 ...ceeeee. 1,207 eeeenne 1,331.

285.

289.
400 to 1083 .. | 327 to 1010 .. | 445 to 1128.
581 s 507 .o 626.
789 to 1472 .. | 670 to 1353 .. | 857 to 1540.
975 s 855 ... 1,043.

*The Primary, Low Net Benefits, and High Net Benefits Estimates utilize forecasts of energy prices from the AEO 2011 reference case, Low
Economic Growth case, and High Economic Growth case, respectively. In addition, incremental product costs reflect no change in the Primary
estimate, rising product prices in the Low Net Benefits estimate, and declining product prices in the High Net Benefits estimate.

**The CO, values represent global values (in 2010$) of the social cost of CO, emissions in 2010 under several scenarios. The values of $4.9,
$22.3, and $36.5 per metric ton are the averages of SCC distributions calculated using 5%, 3%, and 2.5% discount rates, respectively. The value
of $67.6 per metric ton represents the 95th percentile of the SCC distribution calculated using a 3% discount rate. The value for NOX (in 2010$)
is the average of the low and high values used in DOE’s analysis.

Total Benefits for both the 3% and 7% cases are derived using the SCC value calculated at a 3% discount rate, which is $22.3/metric ton in
2010 (in 2010$). In the rows labeled as “7% plus CO» range” and “3% plus CO, range,” the operating cost and NOx benefits are calculated
using the labeled discount rate, and those values are added to the full range of CO, values.

DOE has tentatively concluded that
the 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
proposed standard levels are already
commercially available for at least some,
if not most, equipment classes covered
by today’s proposal. Based on the
analyses described above, DOE has
tentatively concluded that the benefits
of the proposed standards to the Nation
(energy savings, positive NPV of
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 more stringent
energy efficiency levels as trial standard
levels, and is still considering them in
this rulemaking. However, DOE has
tentatively concluded that, in some
cases, the potential burdens of the more
stringent energy efficiency levels would
outweigh the projected benefits. Based
on consideration of the public
comments DOE receives in response to

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

I1. Introduction

The following section briefly
discusses the statutory authority
underlying today’s proposal, as well as
some of the relevant historical
background related to the establishment
of energy conservation standards for
distribution transformers.

A. Authority

Title III, Part B of the Energy Policy
and Conservation Act of 1975 (EPCA or
the Act), Public Law 94-163 (42 U.S.C.
6291-6309, as codified), established the
Energy Conservation Program for
“Consumer Products Other Than
Automobiles.” Part C of Title III of
EPCA (42 U.S.C. 6311-6317) established
a similar program for “Certain Industrial
Equipment,” including distribution

transformers.® The Energy Policy Act of
1992 (EPACT 1992), Public Law 102—
486, amended EPCA and directed the
Department to prescribe energy
conservation standards for distribution
transformers. (42 U.S.C. 6317(a)) The
Energy Policy Act of 2005 (EPACT
2005), Public Law 109-25, amended
EPCA to establish energy conservation
standards for low-voltage, dry-type
distribution transformers.1° (42 U.S.C.
6295(y)) Under 42 U.S.C.
6313(a)(6)(C)(i), DOE must review
energy conservation standards for
commercial and industrial equipment
and amend the standards as needed no
later than six years from the issuance of
a final rule establishing or amending a
standard for a covered product. A final
rule establishing any amended
standards based on such notice of

9For editorial reasons, upon codification in the
U.S. Code, Parts B and C were redesignated as Parts
A and A-1, respectively

10EPACT 2005 established that the efficiency of
a low-voltage dry-type distribution transformer
manufactured on or after January 1, 2007 shall be
the Class I Efficiency Levels for distribution
transformers specified in Table 4-2 of the “Guide
for Determining Energy Efficiency for Distribution
Transformers” published by the National Electrical
Manufacturers Association (NEMA TP 1-2002).
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proposed rulemaking (NOPR) must be
completed within two years of
publication of the NOPR. (42 U.S.C.
6313(a)(6)(C)(iii)(I)).

DOE publishes today’s proposed rule
pursuant to Part C of Title III, which
establishes an energy conservation
program for covered equipment that
consists essentially of four parts: (1)
Testing; (2) labeling; (3) the
establishment of Federal energy
conservation standards; and (4)
compliance certification and
enforcement procedures. For those
distribution transformers for which DOE
determines that energy conservation
standards are warranted, the DOE test
procedures must be the “Standard Test
Method for Measuring the Energy
Consumption of Distribution
Transformers” prescribed by the
National Electrical Manufacturers
Association (NEMA TP 2-1998), subject
to review and revision by the Secretary
in accordance with certain criteria and
conditions. (42 U.S.C. 6293(b)(10),
6314(a)(2)—(3) and 6317(a)(1))
Manufacturers of covered equipment
must use the prescribed DOE test
procedure as the basis 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 those types of equipment.
(42 U.S.C. 6314(d)) The DOE test
procedures for distribution transformers
currently appear at title 10 of the Code
of Federal Regulations (CFR) part 431,
subpart K, appendix A.

DOE must follow specific statutory
criteria for prescribing amended
standards for covered equipment. As
indicated above, any amended standard
for covered equipment must 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 amended
standard that would not 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 certain equipment,
including distribution transformers, if
no test procedure has been established
for the equipment, or (2) if DOE
determines by rule that the proposed
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 amended
standard is economically justified, DOE
must determine whether the benefits of
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. The economic impact of the
standard on manufacturers and
consumers of the equipment subject to
the standard;

2. The savings in operating costs
throughout the estimated average life of
the covered equipment in the type (or
class) compared to any increase in the
price, initial 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
imposition of the standard;

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

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

6. The need for national energy and
water conservation; and

7. Other factors the Secretary of
Energy (Secretary) considers relevant.
(42 U.S.C. 6295(0)(2)(B)(i) and 6316(a))

EPCA, as codified, also contains what
is known as an “anti-backsliding”
provision, which prevents the Secretary
from prescribing any amended standard
that either increases the maximum
allowable energy use or decreases the
minimum required energy efficiency 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
unavailability in the United States of
any covered product type (or class) of
performance characteristics (including
reliability), features, sizes, capacities,
and volumes that are substantially the
same as those generally available in the
United States. (42 U.S.C. 6295(0)(4) and
6316(a))

Further, EPCA, as codified,
establishes a rebuttable presumption
that an energy conservation standard is
economically justified if the Secretary
finds that the additional cost to the
consumer of purchasing equipment
complying with the energy conservation
standard will be less than three times
the value of the energy savings a
consumer will receive in the first year
of using the equipment. (See 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 promulgating a standard for a type
or class of covered equipment that has
two or more subcategories. DOE must
specify a different standard level than
that which applies generally to such
type or class of equipment for any group
of covered equipment that has the same
function or intended use if DOE
determines that equipment within such
group (A) consumes a different kind of
energy from that consumed by other
covered equipment within such type (or
class); or (B) has a capacity or other
performance-related feature which other
equipment within such type (or class)
does 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 performance-related feature
justifies a different standard for a group
of equipment, DOE must consider such
factors as the utility to the consumer of
the feature and other factors DOE deems
appropriate. Id. Any rule prescribing
such a standard must include an
explanation of the basis on which such
higher or lower level was established.
(42 U.S.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
waivers of Federal preemption for
particular State laws or regulations, in
accordance with the procedures and
other provisions set forth under 42
U.S.C. 6297(d)).

DOE has also reviewed this regulation
pursuant to Executive Order (EO) 13563,
issued on January 18, 2011 (76 FR 3281,
Jan. 21, 2011). EO 13563 is
supplemental to and explicitly reaffirms
the principles, structures, and
definitions governing regulatory review
established in EO 12866. To the extent
permitted by law, agencies are required
by EO 13563 to: (1) Propose or adopt a
regulation only upon a reasoned
determination that its benefits justify its
costs (recognizing that some benefits
and costs are difficult to quantify); (2)
tailor regulations to impose the least
burden on society, consistent with
obtaining regulatory objectives, taking
into account, among other things, and to
the extent practicable, the costs of
cumulative regulations; (3) select, in
choosing among alternative regulatory
approaches, those approaches that
maximize net benefits (including
potential economic, environmental,
public health and safety, and other
advantages; distributive impacts; and
equity); (4) to the extent feasible, specify
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performance objectives, rather than
specifying the behavior or manner of
compliance that regulated entities must
adopt; and (5) identify and assess
available alternatives to direct
regulation, including providing
economic incentives to encourage the
desired behavior, such as user fees or
marketable permits, or providing
information upon which choices can be
made by the public.

DOE emphasizes as well that EO
13563 requires agencies to use the best
available techniques to quantify

anticipated present and future benefits

and costs as accurately as possible. In its

guidance, the Office of Information and
Regulatory Affairs has emphasized that
such techniques may include
identifying changing future compliance
costs that might result from
technological innovation or anticipated
behavioral changes. For the reasons
stated in the preamble, DOE believes
that today’s notice of proposed
rulemaking (NOPR) is consistent with
these principles, including the
requirement that, to the extent

permitted by law, benefits justify costs
and that net benefits are maximized.

B. Background
1. Current Standards

On August 8, 2005, the Energy Policy
Act of 2005 (EPACT 2005) amended
EPCA to establish energy conservation
standards for low-voltage, dry-type
distribution transformers (LVDTSs).11
(EPACT 2005, Section 135(c); 42 U.S.C.
6295(y)) The standard levels for low-
voltage dry-type distribution
transformers appear in Table II.1.

TABLE II.1—FEDERAL ENERGY EFFICIENCY STANDARDS FOR LOW-VOLTAGE, DRY-TYPE DISTRIBUTION TRANSFORMERS

Single-phase

Three-phase

Efficiency (%)

Efficiency (%)

97.7
98.0
98.2
98.3
98.5
98.6
98.7
98.8
98.9

97.0
97.5
97.7
98.0
98.2
98.3
98.5
98.6
98.7
98.8
98.9

Note: Efficiencies are determined at the following reference conditions: (1) for no-load losses, at the temperature of 20 °C, and (2) for load-
losses, at the temperature of 75 °C and 35 percent of nameplate load.

DOE incorporated these standards
into its regulations, along with the
standards for several other types of
products and equipment, in a final rule
published on October 18, 2005. 70 FR

60407, 60416—60417. These standards
appear at 10 CFR 431.196(a).

On October 12, 2007, DOE published
a final rule that established energy
conservation standard for liquid-
immersed distribution transformers and

medium-voltage dry-type distribution
transformers, which are shown in Table
I1.2 and Table 1.3, respectively. 72 FR
58190, 58239-40. These standards are
codified at 10 CFR 431.196(b) and (c).

TABLE |I.2—ENERGY CONSERVATION STANDARDS FOR LIQUID-IMMERSED DISTRIBUTION TRANSFORMERS

Single-phase

Three-phase

kVA

Efficiency (%)

kVA

Efficiency (%)

98.62
98.76
98.91
99.01
99.08
99.17
99.23
99.25
99.32
99.36
99.42
99.46
99.49

98.36
98.62
98.76
98.91
99.01
99.08
99.17
99.23
99.25
99.32
99.36
99.42
99.46
99.49

Note: All efficiency values are at 50 percent of nameplate-rated load, determined according to the DOE Test-Procedure. 10 CFR part 431,

subpart K, appendix A.

11 EPACT 2005 established that the efficiency of
a low-voltage dry-type distribution transformer
manufactured on or after January 1, 2007 shall be

the Class I Efficiency Levels for distribution

transformers specified in Table 4-2 of the “Guide
for Determining Energy Efficiency for Distribution

Transformers” published by the National Electrical
Manufacturers Association (NEMA TP 1-2002).
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TABLE |I.3—ENERGY CONSERVATION STANDARDS FOR MEDIUM-VOLTAGE, DRY-TYPE DISTRIBUTION TRANSFORMERS

Single-phase Three-phase
BIL 20-45 kV 46-95 kV >96 kV BIL 20-45 kV 46-95 kV >96 kV
Efficiency Efficiency Efficiency Efficiency Efficiency Efficiency
kVA (%) (%) (%) kVA (%) (%) (%)
98.10 97.86 97.50 9718 | i,
98.33 98.12 97.90 97.63
98.49 98.30 98.10 97.86
98.60 98.42 98.33 98.12
98.73 98.57 98.49 98.30
98.82 98.67 98.60 98.42
98.96 98.83 98.73 98.57
99.07 98.95 98.82 98.67
99.14 99.03 98.96 98.83
99.22 99.12 99.07 98.95
99.27 99.18 99.14 99.03
99.31 99.23 99.22 99.12
99.27 99.18
99.31 99.23

Note: BIL means “basic impulse insulation level.”
Note: All efficiency values are at 50 percent of nameplate rated load, determined according to the DOE Test-Procedure. 10 CFR part 431,

subpart K, appendix A.

2. History of Standards Rulemaking for
Distribution Transformers

In a notice published on October 22,
1997 (62 FR 54809), DOE stated that it
had determined that energy
conservation standards were warranted
for electric distribution transformers,
relying in part on two reports by DOE’s
Oak Ridge National Laboratory (ORNL).
These reports—Determination Analysis
of Energy Conservation Standards for
Distribution Transformers, ORNL-6847
(1996) and Supplement to the
“Determination Analysis,” ORNL—-6847
(1997)—are available on the DOE Web
site at: http://www.eere.energy.gov/
buildings/appliance_standards/
commercial/
distribution_transformers.html. In 2000,
DOE issued its Framework Document
for Distribution Transformer Energy
Conservation Standards Rulemaking,
describing its proposed approach for
developing standards for distribution
transformers, and held a public meeting
to discuss the Framework Document.
The document is available on the above-
referenced DOE Web site. Stakeholders
also submitted written comments on the
document, addressing a range of issues.

Subsequently, DOE issued draft
reports as to certain of the key analyses
contemplated by the Framework
Document.?2 It received comments from
stakeholders on these draft reports and,
on July 29, 2004, published an advance
notice of proposed rulemaking (ANOPR)
for distribution transformer standards.

12 Copies of all the draft analyses published
before the ANOPR are available on DOE’s Web site:
http://www.eere.energy.gov/buildings/appliance_
standards/commercial/distribution_transformers_
draft_analysis.html.

69 FR 45376. DOE then held a webcast
on material it had published relating to
the ANOPR, followed by a public
meeting on the ANOPR on September
28, 2004. In August 2005, DOE issued a
draft of certain of the analyses on which
it planned to base the standards for
liquid-immersed and medium-voltage,
dry-type distribution transformers,
along with documents that supported
the draft analyses.1® DOE did this to
enable stakeholders to review the
analyses and make recommendations as
to standard levels.

On April 27, 2006, DOE published its
Final Rule on Test Procedures for
Distribution Transformers. The rule: (1)
Established the procedure for sampling
and testing distribution transformers so
that manufacturers can make
representations as to their efficiency, as
well as establish that they comply with
Federal standards; and (2) contained
enforcement provisions, outlining the
procedure the Department would follow
should it initiate an enforcement action
against a manufacturer. 71 FR 24972
(codified at 10 CFR 431.198).

On August 4, 2006, DOE published a
NOPR in which it proposed energy
conservation standards for distribution
transformers (the 2006 NOPR). 71 FR
44355. Concurrently, DOE also issued a
technical support document (TSD) that
incorporated the analyses it had
performed for the proposed rule,

13 Copies of the four draft NOPR analyses
published in August 2005 are available on DOE’s
Web site: http://www.eere.energy.gov/buildings/
appliance_standards/commercial/distribution_
transformers_draft_analysis_nopr.html.

including several spreadsheets that
remain available on DOE’s Web site.14
Some commenters asserted that DOE’s
proposed standards might adversely
affect replacement of distribution
transformers in certain space-
constrained (e.g., vault) installations. In
response, DOE issued a notice of data
availability and request for comments
on this and another issue. 72 FR 6186
(Feb. 9, 2007) (the NODA). In the
NODA, DOE sought comment on
whether it should include in the LCC
analysis potential costs related to size
constraints of distribution transformers
installed in vaults. DOE also outlined
different approaches as to how it might
account for additional installation costs
for these space-constrained applications
and requested comments on linking
energy efficiency levels for three-phase
liquid-immersed units with those of
single-phase units. Finally, DOE
addressed how it was inclined to
consider a final standard that is based
on energy efficiency levels derived from
trial standard level (TSL) 2 and TSL 3
for three-phase units and TSLs 2, 3 and
4 for single-phase units. 72 FR 6189.
Based on comments on the 2006 NOPR,
and the NODA, DOE created new TSLs
to address the treatment of three-phase
units and single-phase units. In October
2007, DOE published a final rule that
created the current energy conservation
standards for liquid-immersed and
medium-voltage dry-type distribution
transformers. 72 FR 58190 (October 12,

14 The spreadsheets developed for this
rulemaking proceeding are available at: http://www.
eere.energy.gov/buildings/appliance_standards/
commercial/distribution_transformers_draft
analysis_nopr.html.
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2007) (the 2007 Final Rule) (codified at
10 CFR 431.196(b)—(c)).

The above paragraphs summarize
development of the 2007 Final Rule.
The preamble to the rule included
additional, detailed background
information on the history of that
rulemaking. 72 FR 58194—96.

After the publication of the 2007 Final
Rule, certain parties filed petitions for
review in the United States Courts of
Appeals for the Second and Ninth
Circuits, challenging the rule. Several
additional parties were permitted to
intervene in support of these petitions.
(All of these parties are referred to
below collectively as “petitioners.”) The
petitioners alleged that, in developing
its energy conservation standards for
distribution transformers, DOE did not
comply with certain applicable
provisions of EPCA and of the National
Environmental Policy Act (NEPA), as
amended (42 U.S.C. 4321 et seq.) DOE
and the petitioners subsequently
entered into a settlement agreement to
resolve the petitions. The settlement
agreement outlined an expedited
timeline for the Department to
determine whether to amend the energy
conservation standards for liquid-
immersed and medium-voltage dry-type
distribution transformers. Under the
original settlement agreement, DOE was
required to publish by October 1, 2011,
either a determination that the
standards for these distribution
transformers do not need to be amended
or a NOPR that includes any new
proposed standards and that meets all
applicable requirements of EPCA and
NEPA. Under an amended settlement
agreement, the October 1, 2011,
deadline for a DOE determination or
proposed rule was extended to February
1, 2012. If DOE finds that amended
standards are warranted, DOE must
publish a final rule containing such
amended standards by October 1, 2012.

On March 2, 2011, DOE published in
the Federal Register a notice of public
meeting and availability of its
preliminary TSD for the Distribution
Transformer Energy Conservation
Standards Rulemaking, wherein DOE
discussed and received comments on
issues such as equipment classes of
distribution transformers that DOE
would analyze in consideration of
amending the energy conservation
standards for distribution transformers,
the analytical framework, models and
tools it is using to evaluate potential
standards, the results of its preliminary
analysis, and potential standard levels.
76 FR 11396. The notice is available on
the above-referenced DOE Web site. To
expedite the rulemaking process, DOE
began at the preliminary analysis stage

because it believes that many of the
same methodologies and data sources
that were used during the 2007
rulemaking rule remain valid. On April
5, 2011, DOE held a public meeting to
discuss the preliminary TSD.
Representatives of manufacturers, trade
associations, electric utilities, energy
conservation organizations, Federal
regulators, and other interested parties
attended this meeting. In addition, other
interested parties submitted written
comments about the TSD addressing a
range of issues. These comments are
discussed in the following sections of
the NOPR.

On July 29, 2011, DOE published in
the Federal Register a notice of intent
to establish a subcommittee under the
Energy Efficiency and Renewable
Energy Advisory Committee (ERAC), in
accordance with the Federal Advisory
Committee Act and the Negotiated
Rulemaking Act, to negotiate proposed
Federal standards for the energy
efficiency of medium-voltage dry-type
and liquid immersed distribution
transformers. 76 FR 45471. Stakeholders
strongly supported a consensual
rulemaking effort. DOE believed that, in
this case, a negotiated rulemaking
would result in a better informed NOPR
and would minimize any potential
negative impact of the NOPR. On
August 12, 2011, DOE published in the
Federal Register a similar notice of
intent to negotiate proposed Federal
standards for the energy efficiency of
low-voltage dry-type distribution
transformers. 76 FR 50148. The purpose
of the subcommittee was to discuss and,
if possible, reach consensus on a
proposed rule for the energy efficiency
of distribution transformers.

The ERAC subcommittee for medium-
voltage liquid-immersed and dry-type
distribution transformers consisted of
representatives of parties having a
defined stake in the outcome of the
proposed standards, listed below.

e ABB Inc.

e AK Steel Corporation

e American Council for an Energy-
Efficient Economy

e American Public Power Association

e Appliance Standards Awareness
Project
ATI-Allegheny Ludlum
Baltimore Gas and Electric
Cooper Power Systems
Earthjustice
Edison Electric Institute
Fayetteville Public Works
Commission

e Federal Pacific Company

e Howard Industries Inc.

¢ LakeView Metals

e Efficiency and Renewables
Advisory Committee member

¢ Metglas, Inc.

e National Electrical Manufacturers
Association

e National Resources Defense Council

¢ National Rural Electric Cooperative
Association

¢ Northwest Power and Conservation
Council

¢ Pacific Gas and Electric Company

e Progress Energy

e Prolec GE

e U.S. Department of Energy

The ERAC subcommittee for medium-
voltage liquid-immersed and dry-type
distribution transformers held meetings
on September 15 through 16, 2011,
October 12 through 13, 2011, November
8 through 9, 2011, and November 30
through December 1, 2011; the ERAC
subcommittee also held public webinars
on November 17 and December 14.
During the course of the September 15,
2011, meeting, the subcommittee agreed
to its rules of procedure, ratified its
schedule of the remaining meetings, and
defined the procedural meaning of
consensus. The subcommittee defined
consensus as unanimous agreement
from all present subcommittee
members. Subcommittee members were
allowed to abstain from voting for an
efficiency level; their votes counted
neither toward nor against the
consensus.

DOE presented its draft engineering,
life-cycle cost and national impacts
analysis and results. During the
meetings of October 12 through 13,
2011, DOE presented its revised analysis
and heard from subcommittee members
on a number of topics. During the
meetings on November 8 through 9,
2011, DOE presented its revised
analysis, including life-cycle cost
sensitivities based on exclusion ZDMH
and amorphous steel as core materials.
During the meetings on November 30
through December 1, 2011, DOE
presented its revised analysis based on
2011 core-material prices.

At the conclusion of the final meeting,
subcommittee members presented their
efficiency level recommendations. For
medium-voltage liquid-immersed
distribution transformers, the advocates,
represented by the Appliance Standards
Awareness Project (ASAP),
recommended efficiency level (also
referred to as “EL”) 3 for all design lines
(also referred to as “DLs”’). The National
Electrical Manufacturers Association
(NEMA) and AK Steel recommended EL
1 for all DLs except for DL 2, for which
no change from the current standard
was recommended. Edison Electric
Institute (EEI) and ATI Allegheny
Ludlum recommended EL1 for DLs 1, 3,
and 4 and no change from the current
standard or a proposed standard of less
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than EL 1 for DLs 2 and 5. Therefore, the
subcommittee did not arrive at
consensus regarding proposed standard
levels for medium-voltage liquid-
immersed distribution transformers.

For medium-voltage dry-type
distribution transformers, the
subcommittee arrived at consensus and
recommended a proposed standard of
EL2 for DLs 11 and 12, from which the
proposed standards for DLs 9, 10, 13A,
13B would be scaled. Transcripts of the
subcommittee meetings and all data and
materials presented at the subcommittee
meetings are available at the DOE Web
site at: http://www.eere.energy.gov/
buildings/appliance_standards/
commercial/distribution
transformers.html.

The ERAC subcommittee held
meetings on September 28, 2011,
October 13-14, 2011, November 9, 2011,
and December 1-2, 2011, for low-
voltage distribution transformers. The
ERAC subcommittee also held webinars
on November 21, 2011, and December
20, 2011. During the course of the
September 28, 2011, meeting, the
subcommittee agreed to its rules of
procedure, finalized the schedule of the
remaining meetings, and defined the
procedural meaning of consensus. The
subcommittee defined consensus as
unanimous agreement from all present
subcommittee members. Subcommittee
members were allowed to abstain from
voting for an efficiency level; their votes
counted neither toward nor against the
consensus.

The ERAC subcommittee for low-
voltage distribution transformers
consisted of representatives of parties
having a defined stake in the outcome
of the proposed standards.

¢ AK Steel Corporation

e American Council for an Energy-
Efficient Economy

e Appliance Standards Awareness
Project
ATI-Allegheny Ludlum
EarthJustice
Eaton Corporation
Federal Pacific Company
Lakeview Metals
Efficiency and Renewables
Advisory Committee member

e Metglas, Inc.

e National Electrical Manufacturers
Association
Natural Resources Defense Council
ONYX Power
Pacific Gas and Electric Company
Schneider Electric

e U.S. Department of Energy

DOE presented its draft engineering,
life-cycle cost and national impacts
analysis and results. During the
meetings of October 14, 2011, DOE
presented its revised analysis and heard

from subcommittee members on various
topics. During the meetings of
November 9, 2011, DOE presented its
revised analysis. During the meetings of
December 1, 2011, DOE presented its
revised analysis based on 2011 core-
material prices.

At the conclusion of the final meeting,
subcommittee members presented their
energy efficiency level
recommendations. For low-voltage dry-
type distribution transformers, the
advocates, represented by ASAP,
recommended EL4 for all DLs, NEMA
recommended EL 2 for DLs 7 and 8, and
no change from the current standard for
DL 6. EEI, AK Steel and ATI Allegheny
Ludlum recommended EL 1 for DLs 7
and 8, and no change from the current
standard for DL 6. The subcommittee
did not arrive at consensus regarding a
proposed standard for low-voltage dry-
type distribution transformers.
Transcripts of the subcommittee
meetings and all data and materials
presented at the subcommittee meetings
are available at the DOE Web site at:
http://www.eere.energy.gov/buildings/
appliance standards/commercial/
distribution_transformers.html.

III. General Discussion
A. Test Procedures

Section 7(c) of the Process Rule 15
indicates that DOE will issue a final test
procedure, if one is needed, prior to
issuing a proposed rule for energy
conservation standards. DOE published
its test procedure for distribution
transformers in the Federal Register as
a final rule on April 27, 2006. 71 FR
24972.

1. General

Currently, DOE requires distribution
transformers to comply with standards
with their windings in the configuration
that produces the greatest losses. (10
CFR 431, Subpart K, Appendix A)
During the April 5, 2011, public
meeting, DOE addressed issues and
solicited comments about amending the
energy conservation standards for
distribution transformers, the analytical
framework and results of its preliminary
analysis, and potential energy efficiency
standards. At the outset, DOE proposed
to amend the test procedure under
appendix A to subpart K of 10 CFR part
431, Uniform Test Method for
Measuring the Energy Consumption of
Distribution Transformers. DOE

15 The Process Rule provides guidance on how
DOE conducts its energy conservation standards
rulemakings, including the analytical steps and
sequencing of rulemaking stages (such as test
procedures and energy conservation standards). (10
CFR part 430, Subpart C, Appendix A).

proposed to allow compliance testing in
any secondary configuration and at the
lowest basic impulse level (BIL) rating
and to require compliance at the lowest
BIL at which dual or multiple voltage
distribution transformers are rated to
operate.

The Northwest Power and
Conservation Council (NPCC) and
Northwest Energy Efficiency Alliance
(NEEA) 6 jointly submitted comments
that the test procedure should adhere to
specifications that do not make it
difficult for the most challenging
designs to comply with the standard, or
else these transformer designs may be
eliminated from the marketplace.
(NPCC/NEEA, No. 11 at p. 2) 17 NPCC
and NEEA further noted that they would
support a change to allow
manufacturers to test at a single voltage
for models with a range of voltage taps
that is + 5 percent, using the middle
voltage of that range. (NPCC/NEEA, No.
11 at p. 3) Finally, NPCC and NEEA
requested that DOE explicitly explain
the benefit of any changes to the test
procedure, since certain changes could
make future and past ratings more
difficult to consistently compare.
(NPCC/NEEA, No. 11 at p. 3)

NEMA commented that distribution
transformers are rated to operate at
multiple kilovolt ampere (kVA) ratings
corresponding to passive cooling, active
cooling, or a combination of both.
NEMA stated that the regulation should
clarify that transformers with multiple
kVA ratings should comply at the base
rating (passive cooling). (NEMA, No. 13
at pp. 2-3)

Although DOE does not intend to
eliminate features offering unique utility
from the marketplace, it wishes to
gather more information on the specific
efficiency differences between winding
configurations as well as the relative
frequencies of their uses. With this in
mind and considering the comments,
DOE proposes to continue requiring
compliance testing in the primary and
secondary winding configuration with
the highest losses, as is currently
required under appendix A to subpart K
of 10 CFR part 431. DOE agrees that
passive cooling is the most common

16 The Northwest Power and Conservation
Council (NPCC) and Northwest Energy Efficiency
Alliance (NEEA) submitted joint comments and are
hereinafter referred to as NPCC/NEEA.

17 This short-hand citation format is used
throughout this document. For example: “(NPCC/
NEEA, No. 11 at p. 2)” refers to a (1) a joint
statement that was submitted by NPCC and NEEA
and is recorded at http://www.regulations.gov/
#!home in the docket under “Energy Conservation
Standards for Distribution Transformers,” Docket
Number EERE-2010-BT-STD—-0048, as comment
number 11; and (2) a passage that appears on page
2 of that statement.


http://www.eere.energy.gov/buildings/appliance_standards/commercial/distribution_transformers.html
http://www.eere.energy.gov/buildings/appliance_standards/commercial/distribution_transformers.html
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http://www.eere.energy.gov/buildings/appliance_standards/commercial/distribution_transformers.html
http://www.eere.energy.gov/buildings/appliance_standards/commercial/distribution_transformers.html
http://www.eere.energy.gov/buildings/appliance_standards/commercial/distribution_transformers.html
http://www.eere.energy.gov/buildings/appliance_standards/commercial/distribution_transformers.html
http://www.regulations.gov/#!home
http://www.regulations.gov/#!home

7294

Federal Register/Vol. 77, No. 28/Friday, February 10, 2012/Proposed Rules

mode of operation for distribution
transformers employed in power
distribution and clarifies that
manufacturers are only required to
demonstrate compliance at kVA ratings
that correspond to passive cooling.18
DOE requests comment and
corroborating data on how often
distribution transformers are operated
with their primary and secondary
windings in different configurations,
and on the magnitude of the additional
losses in less efficient configurations.

2. Multiple kVA Ratings

Currently, DOE is nonspecific on
which kVA rating should be used to
assess compliance in the case of
distribution transformers with more
than one kVA.

ABB’s recommendations on
transformers with multiple kVA ratings
depended on how the transformer was
cooled. For naturally-cooled
transformers, ABB recommended that
they should be required to meet the
efficiency standard for every kVA rating.
However, ABB suggested that forced-
cooled transformers should only have to
meet the efficiency standard at the
naturally-cooled kVA rating. This is
because the forced-cooled rating, which
is meant only for temporary overload
conditions, is dependent on the
operation of auxiliary cooling fans that
have a lower operating life than the
transformer. (ABB, No. 14 at pp. 3-5)

DOE has received nearly unanimous
feedback that transformers in
distribution applications are seldom
designed to rely on active cooling even
occasionally and that the majority of
designs lack active cooling altogether.
DOE wishes to clarify that
manufacturers are only required to
demonstrate compliance at kVA ratings
that correspond to passive cooling.

3. Dual/Multiple-Voltage Basic Impulse
Level

Currently, DOE requires distribution
transformers to comply with standards
using the BIL rating of the winding
configuration that produces the greatest
losses. (10 CFR 431, Subpart K,
Appendix A)

Several stakeholders commented that
distribution transformers with multiple
BIL ratings should comply with the
efficiency based on the highest BIL
rating, as the transformer core is based
on the highest BIL rating. (Hammond
(HPS), No. 3 at p. 1; NEMA, No. 13 at
p. 2; and FPT, No. 27 at p. 13) NEMA
noted that for dual/multiple distribution

18 Passive cooling is cooling that does not require
fans, pumps, or other energy-consuming means of
increasing thermal convection.

transformers with varying BIL levels,
DOE should align its requirements with
those of the Institute of Electrical and
Electronics Engineers (IEEE) standards
(C57.12.00 for liquid-filled, NEMA
ST20-1992:3.3 for low-voltage) and
require testing in the “as shipped”
condition, which would base the
efficiency on the highest BIL rating,
matching IEEE and industry practice.
(NEMA, No. 13 at p. 2) Federal Pacific
Transformers (FPT) stated that medium-
voltage distribution transformers with
multiple configurations should be held
to the efficiency standard of the
configuration with the highest BIL
rating because the distribution
transformer is required to be much
larger for the higher BIL rating and,
therefore, cannot reasonably meet the
energy efficiency level of the lower BIL
rating. (FPT, No. 27 at p. 13) FPT also
expressed their support for testing on
the highest BIL efficiency rating for re-
connectable distribution transformers.
(FPT, Pub. Mtg. Tr., No. 34 at p. 40) 19
ABB commented that DOE should not
change the test requirement to allow
compliance at the lowest BIL rating.
According to ABB, there is no way to
ascertain which operating condition a
distribution transformer will use over its
lifetime. ABB stated that DOE should
require that the efficiency be met on any
operational configuration for which the
distribution transformer is designed for
continuous operation. (ABB, No. 14 at
.2)
P DOE needs to gather more information
in order to be certain that allowing
compliance at any BIL rating would not
result in lowered energy savings relative
to what is predicted by DOE’s analysis.
DOE proposes to maintain the current
requirement to comply in the
configuration that gives rise to the
greatest losses.

4. Dual/Multiple-Voltage Primary
Windings

Currently, DOE requires
manufacturers to comply with energy
conservation standards with
distribution transformer primary
windings (“primaries”) in the
configuration that produces the highest
losses. (10 CFR 431, Subpart K,
Appendix A)

Where DOE invited additional
comments about the test procedures,
Howard Industries added that, under

19 This short-hand citation format for the public
meeting transcript is used throughout this
document. For example: “(FPT, Pub. Mtg. Tr., No.
34 at p. 40)” refers to a comment on the page
number of the transcript of the ‘“Public Meeting on
Energy Conservation Standard Preliminary Analysis
for Distribution Transformers,”” held in Washington,
DC, April 5, 2011.

the presumption that DOE would allow
compliance testing in any of the
secondary configurations
(“secondaries”), DOE should insert the
word “primary” into the testing
requirements [at section 5.0,
Determining the Efficiency Value of the
Transformer, under appendix A to
subpart K of 10 CFR part 431], and
require the manufacturer to “determine
the basic model’s efficiency at the
‘primary’ voltage at which the highest
losses occur or at each ‘primary’ voltage
at which the distribution transformer is
rated to operate.” Howard Industries
noted that, for multiple-voltage
distribution transformers, this insertion
would clarify that distribution
transformer efficiency is determined by
the primary voltage and that the low-
voltage or secondary winding
configuration that is used would be at
the manufacturer’s discretion. (HI, No.
23 at p. 2)

HVOLT commented that distribution
transformers with dual or multiple-
voltage primary windings should be
allowed to comply while the primaries
are connected in series. HVOLT
explained that utilities purchase these
transformers to upgrade a distribution
circuit to higher voltages within a few
years of purchase and that these
transformers will spend more than 90
percent of their lives with the primary
windings connected in series. (HVOLT,
No. 33 at p. 2)

DOE understands that, in contrast to
the secondary windings, reconfigurable
primaries typically exhibit a larger
variation in efficiency between series
and primary connections. As the above
commenters have pointed out, however,
such transformers are often purchased
with the intent of upgrading the local
power grid to a higher operating voltage
with lowered overall system losses. In
that sense, transformers with
reconfigurable primaries can be seen as
a stepping stone toward greater overall
energy savings, even if those savings do
not occur within the transformer itself.

DOE conducted several sensitivity
analyses to examine the effects of a
reconfigurable primary winding on
efficiency and found that the difference
between the efficiency of the secondary
and the efficiency of the primary was
more significant than in the case of
configurable secondary windings.

DOE wishes to obtain more
information on both the difference in
losses between different winding
configurations as well as the different
configurations’ relative frequency of
operation in practice. DOE requests
comment on this proposal to continue to
mandate compliance in the highest-loss
configuration and data illustrating the
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efficiency differences between primary
winding configurations.

5. Dual/Multiple-Voltage Secondary
Windings

Currently, DOE requires transformers
to comply with their secondary
windings in the configuration that
produces the greatest losses. (10 CFR
431, Subpart K, Appendix A)

Interested parties commented that
DOE should not change the current test
requirement to permit compliance
testing in any secondary configuration
at the lowest BIL rating for transformers
with dual/multiple-voltage secondary
windings, and that these transformers
should comply with an energy
efficiency level using the combination
of connections that produces the highest
losses. (HPS, No. 3 at p.1; NPCC/NEEA,
No. 11 at p. 3; and ABB, No. 14 at p.

2) ABB also noted that there is no way
to determine the connection on which a
unit will be operated over its lifetime.

Schneider Electric (SE) commented
that NEMA ST20-1992: 3.3 [Dry-Type
Transformers for General Applications,
NEMA ST 20-1992(R1997)] requires
that “low-voltage [transformers] be
shipped with the connections done for
the highest voltage” and requested that
“all compliance testing be done in the
configuration requirement of ST-20.”
(SE., No. 18 at p. 5) Similarly, NEMA
commented that “DOE should align its
requirements with those of IEEE
standards (C57.12.00 for liquid-filled,
NEMA ST 20-1992: 3.3 for low-voltage),
requiring testing in the ’as shipped’
condition.” (NEMA, No. 13 at p. 2)
Further, NEMA noted that industry
practice is to ship these units in the
series connection. Similarly, FPT
asserted that, “for units with multiple
(series-parallel) low-voltage ratings, the
efficiency standard should be based on
the highest voltage (series) connection,
which matches the IEEE standard and
industry practice.” (FPT, No. 27 at
p- 11)

Several interested parties expressed
support for DOE’s proposal to allow
compliance testing in any secondary
configuration at the lowest voltage
rating. (Power Partners, Inc. (PP), Pub.
Mtg. Tr., No. 34 at p. 40; HVOLT, No.
33 at p. 2; HI, No. 23 at p.2; and PP, No.
19 at p. 2) HVOLT noted that about 99
percent of dual/multiple-voltage single-
phase, pole-type transformers are used
in the series connection, and the work
to otherwise reconnect to the secondary
is burdensome. (HVOLT, No. 33 at p.2)
Similarly, HI pointed out that very few
transformers are ever reconnected for
parallel operation and that testing
requirements in a parallel configuration
can be burdensome. (HI, No. 23 at p. 2)

Furthermore, HVOLT commented that
a distribution transformer that is
designed for a dual voltage rating does
not have an even multiple quantity of
series connections compared to parallel
connection designs. This means that
there are already unused windings that
will be in the parallel connection.
Because the testing procedure requires
that they be tested on the lowest BIL
connections, these types of distribution
transformers effectively have a higher
efficiency requirement. HVOLT believes
dual voltage distribution transformers
are being unduly burdened by the test
procedure. (HVOLT, Pub. Mtg. Tr., No.
34 at pp. 38-39)

HI recommended that DOE adjust the
efficiency value by 0.1 for dual/
multiple-voltage liquid-immersed
distribution transformers with windings
having a ratio other than 2:1, due to the
complexity of the winding for these
distribution transformers. HI noted that
a similar approach was taken by the
Canadian Standards Associations
Standards. (HI, No. 23 at p. 2)

DOE understands that some
distribution transformers may be
shipped with reconfigurable secondary
windings, and that certain
configurations may have different
efficiencies. Currently, DOE requires
distribution transformers to be tested in
the configuration that exhibits the
highest losses, which is usually with the
secondary windings in parallel.
Whereas the IEEE Standard 2° requires a
distribution transformer to be shipped
with the windings in series, a
manufacturer testing for compliance
could need to test the distribution
transformer for energy efficiency,
disassemble the unit, reconfigure the
windings, and reassemble the unit for
shipping at added time and expense.
Nonetheless, DOE would need to obtain
more specific information on the
potential net energy losses associated
with permitting distribution
transformers to be tested in any
secondary winding configuration and
proposes to maintain the current
requirement of compliance in the
configuration that produces the greatest
losses.

DOE requests comment on secondary
winding configurations, and on the
magnitude of the additional losses
associated with the less efficient
configurations as well as the relative
frequencies of operation in each
winding configuration.

6. Loading

Currently, DOE requires that both
liquid-immersed and medium-voltage,

20 JEEE C57.12.00.

dry-type distribution transformers
comply with standards at 50 percent
loading and that low-voltage, dry-type
distribution transformers comply at 35
percent loading.

Warner Power (WP) commented that
a single 35 percent test load for low-
voltage dry-type distribution
transformers (LVDTs) does not
adequately reflect known service
conditions at widely varying, and often
low, average loads. It cited several
studies indicating a lower average load
factor and a shrinking load factor and
recommended LVDTs be certified at 15
percent and 35 percent loading. (WP,
No. 30 at pp. 1-2) In addition, Warner
Power suggested that a weighted curve
between 10 percent and 80 percent load
factors would be better than a single 35
percent load factor. It recommended
using published data to more accurately
reflect real load conditions, accounting
for daily, weekly, and seasonal
variations. For LVDT transformers, it
pointed out that the load profile should
characterize the typical use in different
types of buildings. (WP, No. 30 at p.5)
NPCC and NEEA opined that, with
better loading data for distribution
transformers, they would support
testing at multiple loading points, such
as 15, 35, 50 and 70 percent, with a
weighted-average calculation that is
unique to each class. They noted,
however, that such data is likely not
available. (NPCC/NEEA, No. 11 at pp.
2-3)

HVOLT commented that the test
procedure-required load values for all
three categories of distribution
transformers appeared reasonable for
the foreseeable future. Otherwise, with
electric vehicles and plug-in hybrids
entering the market, HVOLT opined that
root-mean-square loading will increase
in the long-term but may take decades
to have an effect. (HVOLT, No. 33 at p.
1) NPCC and NEEA announced that they
are collecting additional field data to
inform the appropriateness of the test
procedure loading points. (NPCC/NEEA,
No. 11 at p. 2)

NEMA, ABB, and Schneider Electric
(SE) all commented that DOE should not
modify its test procedures by
considering weighted-average loadings
for core deactivation efficiency
standards. (NEMA, No. 13 at p. 2; ABB,
No. 14 at pp. 2-3; and SE., Pub. Mtg.
Tr., No. 34 at p. 57) ABB further
clarified that this approach would be
inaccurate because the true load varies
by every distinct installation. Instead, it
asserted that the current load factors are
more appropriate because they reflect
the aggregate impact on the national
grid. (ABB, No. 14 at pp. 2-3)
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NPCC and NEEA recommended that
DOE attempt to gather data on actual
core deactivation designs and control
algorithms before it changes the test
procedure. Additionally, NPCC and
NEEA suggested that DOE gather data
on the performance of distribution
transformers under various load
conditions. If this data is unavailable or
inconclusive, they suggested that DOE
not change the test procedure at this
time but rather ensure that core
deactivation technology is examined in
the next rulemaking for distribution
transformers. (NPCC/NEEA, No. 11 at p.
3)

Warner Power (WP) indicated its
intent to submit data concerning
modified test procedures which would
better capture core deactivation
technologies. (WP, Pub. Mtg. Tr., No. 34
at p. 42)

DOE is proposing to maintain the use
of a single, discrete loading point for
distribution transformers because the
use of weighted-average loadings would
represent a fairly significant change in
the test procedure, possibly causing
some units that meet energy
conservation standards to no longer do
so. In the future, DOE may consider
modifying this approach. DOE
welcomes relevant data in conjunction
with comments on typical distribution
transformer loading profiles.

B. Technological Feasibility

1. General

There are distribution transformers
available at all of the energy efficiency
levels considered in today’s notice of
proposed rulemaking. Therefore, DOE
believes all of the energy efficiency
levels adopted by today’s notice of
proposed rulemaking are
technologically feasible.

2. Maximum Technologically Feasible
Levels

When DOE proposes to adopt, or
decline to adopt, an amended or new
standard for a type of covered product,
section 325(0)(2) of EPCA, 42 U.S.C.
6295(0)(2), requires that DOE determine
the maximum improvement in energy
efficiency or maximum reduction in
energy use that is technologically
feasible. While developing the energy
conservation standards for liquid-
immersed and medium-voltage, dry-
type distribution transformers that were
codified under 10 CFR 431.196, DOE
determined the maximum
technologically feasible (‘“‘max-tech”)
energy efficiency level through its
engineering analysis using the most
efficient materials, such as core steels
and winding materials, and applied

design parameters that drove
distribution transformer software to
create designs at the highest efficiencies
achievable at the time. 71 FR 44362
(August 4, 2006) and 72 FR 58196
(October 12, 2007). DOE used these
designs to establish max-tech levels for
its LCC analysis and scaled them to
other kVA ratings within a given design
line, thereby establishing max-tech
efficiencies for all the distribution
transformer kVA ratings.

C. Energy Savings
1. Determination of Savings

Section 325(0)(2)(A) of EPCA, 42
U.S.C. 6295(0)(2)(A), requires that any
new or amended standard must be
chosen so as to achieve the maximum
improvement in energy efficiency that is
technologically feasible and
economically justified. In determining
whether economic justification exists,
key factors include the total projected
amount of energy savings likely to result
directly from the standard and the
savings in operating costs throughout
the estimated average life of the covered
equipment. To understand the national
economic impact of potential efficiency
regulations for distribution
transformers, DOE conducted a national
impact analysis (NIA) using a
spreadsheet model to estimate future
national energy savings (NES) from
amended energy conservation
standards.2? For each TSL, DOE
forecasted energy savings beginning in
2016, the year that manufacturers would
be required to comply with amended
standards, and ending in 2045. DOE
quantified the energy savings for each
TSL as the difference in energy
consumption between the “standards
case” and the “‘base case.” The base case
represents the forecast of energy
consumption in the absence of amended
mandatory efficiency standards, and
takes into consideration market demand
for more-efficient equipment.

The NIA spreadsheet model calculates
the electricity savings in “‘site energy”’
expressed in kilowatt-hours (kWh). Site
energy is the energy directly consumed
by distribution transformer products at
the locations where they are used. DOE
reports national energy savings on an
annual basis in terms of the aggregated
source (primary) energy savings, which
is the savings in the energy that is used
to generate and transmit the site energy.
(See TSD chapter 10.) To convert site
energy to source energy, DOE derived
annual conversion factors from the
model used to prepare the Energy

21 The NIA spreadsheet model is described in
section IV.G of this notice.

Information Administration’s (EIA)
Annual Energy Outlook 2011
(AEO2011).

2. Significance of Savings

As noted above, 42 U.S.C.
6295(0)(3)(B) prevents DOE from
adopting a standard for covered
equipment if such a standard would not
result in “significant” energy savings.
While EPCA does not define the term
“significant,” the U.S. Court of Appeals
for the District of Columbia, in Natural
Resources Defense Council v.
Herrington, 768 F.2d 1355, 1373 (D.C.
Cir. 1985), indicated that Congress
intended “‘significant” energy savings in
this context to be savings that were not
“genuinely trivial.” The energy savings
for all of the TSLs considered in this
rulemaking are non-trivial and,
therefore, DOE considers them
“significant” within the meaning of
EPCA section 325(0).

D. Economic Justification
1. Specific Criteria

As noted previously, EPCA requires
DOE to evaluate seven factors to
determine whether a potential energy
conservation standard is economically
justified. (42 U.S.C. 6295(0)(2)(B)(i)) The
following sections describe how DOE
has addressed each of the seven factors
in this rulemaking.

a. Economic Impact on Manufacturers
and Consumers

In determining the impacts of an
amended standard on manufacturers,
DOE first determines the quantitative
impacts using an annual cash-flow
approach. This includes both a short-
term assessment, based on the cost and
capital requirements during the period
between the issuance of a regulation and
when entities must comply with the
regulation, and a long-term assessment
over a 30-year analysis period. The
industry-wide impacts analyzed include
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 on
different types of manufacturers, paying
particular attention to 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 and loss of capital investment.
Finally, DOE takes into account
cumulative impacts of different DOE
regulations and other regulatory
requirements on manufacturers.
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For individual consumers, measures
of economic impact include the changes
in LCC and the PBP associated with new
or amended standards. The LCC, which
is separately specified in EPCA as one
of the seven factors to be considered in
determining the economic justification
for a new or amended standard (42
U.S.C. 6295(0)(2)(B)(i)(II)), is discussed
in the following section. For consumers
in the aggregate, DOE also calculates the
national net present value of the
economic impacts on consumers over
the forecast period used in a particular
rulemaking.

Federal Pacific suggested that DOE
establish reference efficiencies by rating,
as defined by NEMA Premium, for those
users who want efficiencies higher than
current minimum efficiencies. However,
they did not want these reference
efficiencies to become the new
minimum efficiency mandates. (FPT,
No. 27 at p. 2)

The National Rural Electric
Cooperative Association (NRECA)
recommended that DOE not raise the
efficiency standards for the liquid-filled
distribution transformers, since many
rural utilities with low distribution
transformer loads cannot economically
justify the current energy efficiency
level. (NRECA, No. 31 and 36 at p. 1)

DOE appreciates the comments and
considers impacts to consumers,
manufacturers, and utilities in TSD
chapters 8, 12, and 14, respectively.
DOE welcomes comment on these
analyses and on any subset of
consumers, manufacturers, or utilities
that could be disproportionately
affected.

b. Life-Cycle Costs

The LCC is the sum of the purchase
price of a type of equipment (including
its installation) and the operating
expense (including energy and
maintenance and repair expenditures)
discounted over the lifetime of the
product. The LCC savings for the
considered energy efficiency levels are
calculated relative to a base case that
reflects likely trends in the absence of
amended standards. The LCC analysis
requires a variety of inputs, such as
equipment prices, equipment energy
consumption, energy prices,
maintenance and repair costs,
equipment lifetime, and consumer
discount rates. DOE assumed in its
analysis that consumers will purchase
the considered equipment in 2016.

To account for uncertainty and
variability in specific inputs, such as
product lifetime and discount rate, DOE
uses a distribution of values with
probabilities attached to each value. A
distinct advantage of this approach is

that DOE can identify the percentage of
consumers estimated to receive LCC
savings or experience an LCC increase,
in addition to the average LCC savings
associated with a particular standard
level. In addition to identifying ranges
of impacts, DOE evaluates the LCC
impacts of potential standards on
identifiable subgroups of consumers
that may be disproportionately affected
by a national standard.

c. Energy Savings

While 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 energy savings that
are expected to result directly from the
standard. (42 U.S.C. 6295(0)(2)(B)(i)(III))
DOE uses the NIA spreadsheet results in
its consideration of total projected
energy savings.

d. Lessening of Utility or Performance of
Products

In establishing classes of products,
and in evaluating design options and
the impact of potential standard levels,
DOE sought to develop standards for
distribution transformers that would not
lessen the utility or performance of
these products. (42 U.S.C.
6295(0)(2)(B)(1)(IV)) None of the TSLs
presented in today’s NOPR would
substantially reduce the utility or
performance of the equipment under
consideration in the rulemaking.

DOE requests comment on the
possibility of reduced equipment
performance or utility resulting from
today’s proposed standards, particularly
the risk of reducing the ability to
perform periodic maintenance and the
risk of increasing vibration and acoustic
noise.

e. Impact of Any Lessening of
Competition

EPCA directs DOE to consider any
lessening of competition that is likely to
result from standards. It also directs the
Attorney General of the United States
(Attorney General) to determine the
impact, if any, of any lessening of
competition likely to result from a
proposed standard and to transmit such
determination to the Secretary within 60
days of the publication of a proposed
rule, together with an analysis of the
nature and extent of the impact. (42
U.S.C. 6295(0)(2)(B)(i)(V) and (B)(ii))
DOE will transmit a copy of today’s
proposed rule to the Attorney General
with a request that the Department of
Justice (DOJ) provide its determination
on this issue. DOE will address the

Attorney General’s determination in the
final rule.

f. Need for National Energy
Conservation

Certain benefits of the proposed
standards are likely to be reflected in
improvements to the security and
reliability of the Nation’s energy system.
Reductions in the demand for electricity
may also result in reduced costs for
maintaining the reliability of the
Nation’s electricity system. DOE
conducts a utility impact analysis to
estimate how standards may affect the
Nation’s needed power generation
capacity. (See 42 U.S.C.
6295(0)(2)(B)(1)(VD))

Energy savings from the proposed
standards are also likely to result in
environmental benefits in the form of
reduced emissions of air pollutants and
greenhouse gases associated with energy
production. DOE reports the
environmental effects from the proposed
standards, and from each TSL it
considered, in the environmental
assessment contained in chapter 15 in
the NOPR TSD. 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 consider any
other factors that the Secretary
considers relevant. (42 U.S.C.
6295(0)(2)(B)(i)(VII)) In developing the
proposals of this notice, DOE has also
considered the matter of electrical steel
availability. This factor is discussed
further in section V.B.8.

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 economically
justified if the additional cost to the
consumer of a product that meets the
standard is less than three times the
value of the first-year of energy savings
resulting from the standard, as
calculated under the applicable DOE
test procedure. DOE’s LCC and payback
period (PBP) analyses generate values
used to calculate the PBP for consumers
of potential amended energy
conservation standards. These analyses
include, but are not limited to, the
three-year PBP contemplated under the
rebuttable presumption test. However,
DOE routinely conducts an economic
analysis that considers the full range of
impacts to the consumer, manufacturer,
Nation, and environment, as required
under 42 U.S.C. 6295(0)(2)(B)(i). The
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results of this analysis serve as the basis
for DOE to definitively evaluate the
economic justification for a potential
standard level (thereby supporting or
rebutting the results of any preliminary
determination of economic
justification). The rebuttable
presumption payback calculation is
discussed in section V.B.1.c of this
NOPR and chapter 8 of the NOPR TSD.

IV. Methodology and Discussion of
Related Comments

DOE used two spreadsheet tools to
estimate the impact of today’s proposed
standards. The first spreadsheet
calculates LCCs and PBPs of potential
new energy conservation standards. The
second provides shipments forecasts
and calculates national energy savings
and net present value impacts of
potential new energy conservation
standards. DOE also assessed
manufacturer impacts, largely through
use of the Government Regulatory
Impact Model (GRIM). The two
spreadsheets are available online at the
rulemaking Web site: http://
www1.eere.energy.gov/buildings/
appliance standards/commercial/
distribution_transformers.html.

Additionally, DOE estimated the
impacts of energy conservation
standards for distribution transformers
on utilities and the environment. DOE
used a version of EIA’s National Energy
Modeling System (NEMS) for the utility
and environmental analyses. The NEMS
model simulates the energy sector of the
U.S. economy. EIA uses NEMS to
prepare its Annual Energy Outlook
(AEO), a widely known energy forecast
for the United States. The version of
NEMS used for appliance standards
analysis is called NEMS-BT 22 and is
based on the AEO version with minor
modifications.2? The NEMS-BT 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 Technology Assessment

For the market and technology
assessment, DOE develops information

22BT stands for DOE’s Building Technologies
Program.

23 The EIA allows the use of the name “NEMS”
to describe only an AEO version of the model
without any modification to code or data. Because
the present analysis entails some minor code
modifications and runs the model under various
policy scenarios that deviate from AEO
assumptions, the name “NEMS-BT” refers to the
model as used here. For more information on
NEMS, refer to The National Energy Modeling
System: An Overview, DOE/EIA-0581 (98)
(Feb.1998), available at: http://tonto.eia.doe.gov/
FTPROOT/forecasting/058198.pdf.

that provides an overall picture of the
market for the products concerned,
including the purpose of the products,
the industry structure, and market
characteristics. This activity includes
both quantitative and qualitative
assessments, based primarily on
publicly available information. The
subjects addressed in the market and
technology assessment for this
rulemaking include scope of coverage,
definitions, equipment classes, types of
products sold and offered for sale, and
technology options that could improve
the energy efficiency of the products
under examination. Chapter 3 of the
TSD contains additional discussion of
the market and technology assessment.

1. Scope of Coverage

This section addresses the scope of
coverage for today’s proposal, stating
which products would be subject to
amended standards. The numerous
comments DOE received on the scope of
today’s proposal are also summarized
and addressed in this section.

a. Definitions

Today’s proposed standards
rulemaking concerns distribution
transformers, which include three
categories: liquid-immersed, low-voltage
dry-type (LVDT) and medium-voltage
dry-type (MVDT). The definition of a
distribution transformer was presented
in EPACT 2005 and then further refined
by DOE when it was codified into 10
CFR 431.192 by the April 27, 2006 final
rule for distribution transformer test
procedures (71 FR 24995) as follows:

Distribution transformer means a
transformer that—

(1) Has an input voltage of 34.5 kV or
less;

(2) Has an output voltage of 600 V or
less;

(3) Is rated for operation at a
frequency of 60 Hz; and

(4) Has a capacity of 10 kVA to 2500
kVA for liquid-immersed units and 15
kVA to 2500 kVA for dry-type units; but

(5) The term ‘“distribution
transformer” does not include a
transformer that is an—

(i) Autotransformer;

(ii) Drive (isolation) transformer;

(iii) Grounding transformer;

(iv) Machine-tool (control)
transformer;

(v) Non-ventilated transformer;

(vi) Rectifier transformer;

(vii) Regulating transformer;

(viii) Sealed transformer;

(ix) Special-impedance transformer;

(x) Testing transformer;

(xi) Transformer with tap range of 20
percent or more;

(xii) Uninterruptible power supply
transformer; or

(xiii) Welding transformer.

Additional detail on the definitions of
each of these excluded transformers can
found in TSD chapter 3.

DOE received multiple comments
seeking clarification on various terms
used in the definition of a distribution
transformer. NEMA requested that DOE
amend the definitions of two
transformer types explicitly excluded
from the distribution transformer
definition, namely “rectifier
transformer” and “testing transformer.”
NEMA suggested that both definitions
should require the nameplates of such
transformers to identify the transformers
as being for such uses only. (NEMA, No.
13 at p. 10) Furthermore, NEMA
recommended that transformers used
inside underground tunneling
equipment should be added to the
definition for underground mining
distribution transformers because this
equipment is specialized and requires a
compact transformer. (NEMA, No. 13 at
p. 10) FPT agreed with NEMA and
recommended that DOE amend the
definition of “underground mining
transformer” with the following
sentence: “The term ‘mining’ may also
be understood to mean underground
tunneling or digging.” FPT added that
the term “mining” should be clarified to
encompass any underground operation
involving the removal of material
underground, such as digging or
tunneling, which have the same
restrictions with the size of distribution
transformers, but might not be
considered to be mining applications.
(FPT, No. 27 at pp. 10-11) Finally, PP
commented that DOE should clarify the
definitions of input and output voltage
to reflect the three-phase system
voltages and not the line to ground
voltage, which is typically the input
voltage for single-phase transformers.
(PP, No. 1 at p. 1)

DOE agrees that these additions to the
definitions of “rectifier transformer”
and “‘testing transformer” are helpful in
aiding the consumer to distinguish
rectifier and testing transformers and
therefore proposes to amend its
definitions correspondingly.
Additionally, DOE believes that
transformers used for the removal of
material underground are subject to
similar space constraints as traditional
mining transformers and therefore their
ability to meet higher efficiency
standards are similarly restricted.
However, DOE wishes to learn more
about the nature of those applications in
order to define the units precisely.
Consequently, DOE proposes to
maintain the current definition of
“mining transformer” unless it is able to
determine that the expansion, as
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suggested by NEMA and FPT, is
warranted and able to be implemented
with sufficient specificity. DOE requests
comment on that proposal and any
information useful in understanding
how transformers used in certain
underground applications differ and
could be defined precisely. Finally, DOE
also wishes to remove any ambiguity in
the terms “input voltage” and “output
voltage” and requests comment on
where that ambiguity lies.

Multiple interested parties submitted
comments regarding the kVA ratings
that are currently included in the scope
of coverage. PP commented that DOE
should consider removing single-phase
liquid-immersed distribution
transformers rated above 250 kVA with
a low-voltage rating of 600V from the
scope of the regulation. They contended
that these transformers constitute a very
low volume of shipments (481 units in
2009) and MVA capacity shipped (201
MVA in 2009) and therefore the overall
national energy savings would not be
significant. (PP, No. 19 at pp. 1-3; Pub.
Mtg. Tr., No. 34 at p. 34) PP added that
the impact of increased weight and
dimensions is greater in these sizes
where maximum tank size and weight
constraints are critical. Moreover, PP
proposed that DOE should consider 500
kVA the upper limit of kVA ratings
covered and shift the lower limit from
10 to 5 kVA. (PP, Pub. Mtg. Tr., No. 34
at pp. 46, 73-74; PP, No. 19 at pp. 1-

2) Similarly, NPCC and NEEA urged
DOE to decide whether to include
single-phase liquid-immersed
distribution transformers down to 5
kVA in the scope of coverage. (NPCC/
NEEA, No. 11 at p. 9)

BBF and Associates suggested that
DOE investigate increasing the scope of
the rulemaking to include transformers
from 2500 kVA to 20 MVA. (BBF, Pub.
Mtg. Tr., No. 34 at p. 279) CDA
recommended that DOE include
transformers up to 30,000 kVA (30
MVA) in its scope, including sub-station
transformers. It noted that these units
are within the distribution system, and
are substantial in unit shipment
volumes. (CDA, No. 17 at pp. 1-2, 4)

DOE understands that larger (250-833
kVA) single-phase, liquid-immersed
units are currently covered and is not
proposing to exclude them from
consideration for this rulemaking.
Because these ratings were covered by
the previous rulemaking for distribution
transformers, DOE is statutorily
prohibited from backsliding and
excluding such products from
regulation at this time. (See 42 U.S.C.
6295(0)(1)6316(a)) However, DOE notes
that it is accounting for the added life-
cycle costs of larger and heavier

transformers and discusses its
methodology for this in chapter 6 of the
TSD. Additionally, DOE determined
during the previous standards
rulemaking that 5 kVA transformers
were below the kVA limit “commonly
understood to be distribution
transformers.” 69 FR 45381. DOE
proposes to maintain that stance for this
rulemaking as these units are generally
too small to be employed in power
distribution and collectively consume
extremely little power. Similarly, units
larger than 2.5 MVA (DOE’s current
upper limit) are usually considered
substation transformers, which DOE is
not proposing to cover. DOE invites
comment on its proposal to maintain the
current scope of coverage.

Interested parties also solicited
clarification from DOE on transformers
that are used in a variety of
applications. FPT requested that DOE
clarify whether existing efficiency
standards apply to transformers used in
aircraft, trains/locomotives, offshore
drilling platforms, mobile substations,
ships, and other similar applications.
(FPT, No. 27 at p. 2) Furthermore, FPT
recommended that DOE investigate
whether transformers being used in
wind farms or solar energy applications
should be exempted since these designs
should be optimized at higher loading
levels than the test procedure loading
points of 35 percent (low-voltage dry-
type) and 50 percent (liquid-immersed
and medium-voltage dry-type). (FPT,
No. 27 at p. 2) Lastly, CDA commented
that DOE should expand the scope of
the rulemaking to include step-up
transformers of kVA sizes that are
currently included in the scope, such as
transformers used in wind farms. (CDA,
No. 17 at pp. 2-3)

EPACT 2005 defined the term
‘“distribution transformer,” 42 U.S.C.
6291(35)(B)(ii), to mean a transformer
that (i) has an input voltage of 34.5
kilovolts or less; (ii) has an output
voltage of 600 volts or less; and (iii) is
rated for operation at a frequency of 60
Hertz. The definition goes on to
generally exclude certain specialized-
application distribution transformers. At
this time, DOE is not proposing to cover
distribution transformers used in mobile
applications because they do not
represent traditional power distribution.
For example, aircraft and marine
transformers frequently operate at 400
Hz, and mobile substation transformers
often fall outside the currently defined
voltage and kVA ranges. Furthermore,
transformers used in mobile
applications could be unduly impacted
by any increases in size and weight
required to reach higher efficiencies.
DOE requests comment on the topic of

transformers used in mobile
applications and any data helpful in
considering whether standards are
warranted. DOE also requests comment
on the likelihood of this exclusion
serving as a loophole in the face of
increasing standards.

DOE does not propose to exclude
transformers used in renewable energy
applications simply because of the
potential difference in loading that they
may experience. DOE currently
understands that the users who buy
transformers for those applications tend
to value losses highly and that such
transformers would have little trouble
meeting standards. Furthermore, DOE
notes that its choices for the test
procedure loading points do not imply
that it intends to exclusively cover
transformers with precisely those
loading values. Rather, DOE accounts
for consumers purchasing transformers
optimized for loading values other than
the test procedure value in its LCC
analysis.

DOE proposes to continue to not set
standards for step-up transformers,
because they are not ordinarily
considered to be performing a power
distribution function. However, DOE is
aware that step-up transformers may be
able to be used in place of step-down
transformers and may represent a
potential loophole as standards
increase. DOE requests comment on its
proposal to continue not to set
standards for step-up transformers.

Finally, DOE received an inquiry with
regards to how it plans to deal with core
deactivation technology. Specifically,
Schneider Electric wanted to know if
DOE would change the definition of
transformers to include banks of
transformers. (SE., Pub. Mtg. Tr., No. 34
at p. 57) Core-deactivation technology
employs a system of smaller
transformers to replace a single, larger
transformer. For example, using this
technology, three transformers sized at
25 kVA and operated in parallel could
replace a single 75 kVA transformer.
The smaller transformers that compose
the system can then be activated and
deactivated using core deactivation
technology based on the loading
demand. At present, DOE is not
proposing to set efficiency standards for
banks of transformers, but notes that
each constituent transformer would be
subject to an efficiency standard if, on
its own, it meets the definition of a
distribution transformer.

b. Underground Mining Transformer
Coverage

In the October 12, 2007, final rule on
energy conservation standards for
distributions transformers, DOE codified
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into 10 CFR 431.192 the definition of an
“underground mining distribution
transformer” as follows:

Underground mining distribution
transformer means a medium-voltage
dry-type distribution transformer that is
built only for installation in an
underground mine or inside equipment
for use in an underground mine, and
that has a nameplate which identifies
the transformer as being for this use
only. 72 FR 58239.

In that same final rule, DOE also
clarified that although it believed these
transformers were within its scope of
coverage, it was not establishing any
energy conservation standards for
underground mining transformers. At
the time, DOE recognized that these
transformers were subject to unique and
extreme dimensional constraints which
impact their efficiency and performance
capabilities. Therefore, DOE established
a separate equipment class for mining
transformers and stated that it may
consider energy conservation standards
for such transformers at a later date.
Although DOE did not establish energy
conservation standards for such
transformers, it also did not add
underground mining transformers to the
list of excluded transformers in the
definition of a distribution transformer.
DOE retained that it had the authority
to cover such equipment if, during a
later analysis, it found technologically
feasible and economically justified
energy conservation standard levels. 72
FR 58197.

In response to the March 2, 2011
preliminary analysis, NEMA
recommended that underground mining
distribution transformers, including
transformers used inside underground
tunneling equipment, should be
included on the exemption list to clarify
that the standards shall not apply to
them. (NEMA, No. 13 at p. 10) NPCC
and NEEA commented that DOE should
remove any confusion about the
coverage of underground mining
transformers either by setting standards
for these units or adding them to the list
of excluded transformers. (NPCC/NEEA,
No. 11 at p. 9)

FPT urged DOE to exclude mining
transformers from minimum efficiency
levels because it would result in undue
economic hardship for the mining
industry and unrealistic design
constraints on mining equipment that
use such transformers. FPT pointed out
that mining transformers make up a
small portion of the market and that the
total amount of energy they consume is
very small compared to the national
energy consumption rate. FPT also
noted that a mining transformer is more
specialized in its design and application

than many of the transformers excluded
from the definition of distribution
transformers under 10 CFR 431.192.
(FPT, No. 27 at pp. 8-10)

In view of the above, DOE
understands that underground mining
transformers are subject to a number of
constraints that are not usually concerns
for transformers used in general power
distribution. Because space is critical in
mines, an underground mining
transformer may be at a considerable
disadvantage in meeting an efficiency
standard. Underground mining
transformers are further disadvantaged
by the fact that they must supply power
at several output voltages
simultaneously. For this rulemaking,
DOE again proposes not to set standards
for underground mining transformers,
but recognizes the possibility of a
loophole. Therefore, DOE continues to
leave underground mining transformers
off of the list of exempt distribution
transformers and reserve a separate
equipment class for mining
transformers. DOE may set standards in
the future if it believes that
underground mining transformers are
being purchased as a way to circumvent
energy conservation standards.

c. Low-Voltage Dry-Type Distribution
Transformers

10 CFR 431.192 defines the term
“low-voltage dry-type distribution
transformer” to be a distribution
transformer that:

(1) Has an input voltage of 600 volts
or less;

(2) Is air-cooled; and

(3) Does not use oil as a coolant.

Because EPACT 2005 prescribed
standards for LVDTs, which DOE
incorporated into its regulations at 70
FR 60407 (October 18, 2005) (codified at
10 CFR 431.196(a)), LVDTs were not
included in the 2007 standards
rulemaking. As a result, the settlement
agreement following the publication of
the 2007 final rule does not impact
LVDT standards.

Two interested parties, EEI and SE.,
requested clarification on whether
LVDT distribution transformers would
be included in this rulemaking. (EEI,
Public Mtg. Tr., No. 34 at p. 56, 27; SE.,
No. 7 at p. 1) In particular, SE
questioned whether Congress would be
involved in amending standards for
LVDTs. (SE., No. 7 at p. 1) Further, SE
expressed concern that there does not
appear to be a timeline for the LVDT
distribution transformer rulemaking and
that one is needed in order to plan
potential capital expenditures for any
new efficiency levels. (SE., Pub. Mtg.
Tr., No. 34 at p. 19)

SE requested that DOE analyze LVDTs
in a separate rulemaking from liquid-
immersed distribution transformers and
MVDTs. It noted that the law defines
them separately and that LVDT
distribution transformers are used in
applications that are different from
those of MVDT distribution
transformers. SE further noted that
LVDT distribution transformers may
warrant an expanded scope of coverage
and encouraged DOE to reassess the
range of kVAs covered, product
definitions, exemptions, and loading
points. (SE., No. 18 at p. 1) FPT
suggested that DOE evaluate LVDT
distribution transformers at a later date
because this product category is not part
of the court order. (FPT, No. 27 at p. 1)
Rather, FPT believed that DOE should
establish non-mandatory efficiencies for
LVDT distribution transformers so that
consumers who wish to purchase higher
efficiency units can have a point of
reference. (FPT, No. 27 at pp. 1-2)

CDA observed that the current
efficiency levels for LVDT distribution
transformers are at NEMA TP-1 levels
and that the 2010 MVDT and liquid-
immersed distribution transformer
efficiency levels were set at
approximately TSL 4. 72 FR 58239—40
(CDA, No. 17 at p. 3). CDA believed that
it is appropriate for DOE to evaluate and
adjust the minimum efficiency
standards for LVDT distribution
transformers, wherever cost-effective, to
levels that are comparable to the 2010
levels for other [MVDT and liquid-
immersed] distribution transformers.
(CDA, No. 17 at p. 3) Earthjustice
commented that DOE must revisit
standards for LVDT distribution
transformers as part of EPCA’s
requirement that standards be
reevaluated not later than six years after
issuance. Earthjustice noted that, on
October 18, 2005, DOE codified the
efficiency standards for LVDT
distribution transformers that were set
forth in EPACT 2005 (70 FR 60407) and
that DOE must now publish, by October
18, 2011, either a new proposed
standard or a determination that
amended standards are not warranted.
(Earthjustice, No. 20 at pp. 1-2) In joint
comments, the Appliance Standards
Awareness Project (ASAP), American
Council for an Energy Efficient
Economy (ACEEE), and Natural
Resources Defense Council (NRDC)
agreed with Earthjustice that DOE is
obligated under EPCA to review the
efficiency standards for liquid-
immersed and MVDT distribution
transformers and amend the efficiency
standards for LVDT distribution
transformers if justified. (ASAP/ACEEE/
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NRDC, No. 28 at p. 5) HVOLT also
believed that DOE should consider
LVDT distribution transformers at this
time. (HVOLT, No. 33 at p. 2) EEI
believed that LVDT distribution
transformers could be included in the
rulemaking, since they are covered
products under the statute and are now
under a DOE regulatory purview. (EEI,
Pub. Mtg. Tr., No. 34 at pp. 21, 27)

Without regard to whether DOE may
have a statutory obligation to review
standards for LVDTs, DOE has analyzed
all three transformer types and is
proposing standards for each in this
rulemaking.

Schneider Electric suggested
expanding coverage to include sealed
units within the range of Design Lines
6 and 7: single-phase 15 and 25 kVA
and three-phase 15 kVA distribution
transformers. Further, it suggested that
an additional three-phase 15 kVA
design line, which would include
SCOTT-T and OPEN DELTA designs, be
created to meet the definition of sealed
transformers. (SE., No. 7 at p. 2) DOE is
not making this change because the
EPACT 2005 definition of a distribution
transformer and the definition currently
codified at 10 CFR 431.192 both
explicitly prohibit the inclusion of such
transformers.

d. Negotiating Committee Discussion of
Scope

Negotiation participants noted that
both network/vault transformers and
“‘data center” transformers may
experience disproportionate difficulty
in achieving higher efficiencies due to
certain features that may affect
consumer utility. (ABB, Pub. Mtg. Tr.,
No. 89 at p. 245) The definitions below
had been proposed at various points by
committee members and DOE seeks
comment on both whether it would be
appropriate to establish separate
equipment classes for any of the
following types and, if so, on how such
classes might be defined such that it
was not financially advantageous for
consumers to purchase transformers in
either class for general use.

i. A “network transformer” is one—

(i) Designed for use in a vault,

(ii) Designed for occasional
submerged operation in water,

(iii) Designed to feed a system of
variable capacity system of
interconnected secondaries, and

(iv) Built per the requirements of IEEE
C57.12.40-(year)

ii. A “vault-type” transformer is one—

(i) Designed for use in a vault,

(ii) Designed for occasional
submerged operation in water, and

(iii) Built per the requirements of IEEE
C57.12.23-(year) or IEEE C57.12.24-
(year), respectively.

iii. Data center transformer means a
three-phase low-voltage dry-type
distribution transformer that—

(i) Is designed for use in a data center
distribution system and has a nameplate
identifying the transformer as being for
this use only;

(ii) Has a maximum peak energization
current (or in-rush current) less than or
equal to four times its rated full load
current multiplied by the square root of
2, as measured under the following
conditions—

(iii) During energization of the
transformer without external devices
attached to the transformer that can
reduce inrush current;

(iv) The transformer shall be
energized at zero +/ — 3 degrees voltage
crossing of A phase. Five consecutive
energization tests shall be performed
with peak inrush current magnitudes of
all phases recorded in every test. The
maximum peak inrush current recorded
in any test shall be used;

(v) The previously energized and then
de-energized transformer shall be
energized from a source having
available short circuit current not less
than 20 times the rated full load current
of the winding connected to the source;
and

(vi) The source voltage shall not be
less than 5 percent of the rated voltage
of the winding energized; and

(vii) Is manufactured with at least two
of the following other attributes:

1. Listed by NRTL for a K-factor
rating, as defined in UL standard 1561:
2011 Fourth Edition, greater than K—4;

2. Temperature rise less than 130°C
with class 220 insulation or temperature
rise less than 110°C with class 200
insulation;

3. A secondary winding arrangement
that is not delta or wye (star);

4. Copper primary and secondary
windings;
5. An electrostatic shield; or

6. Multiple outputs at the same
voltage a minimum of 15° apart, which
when summed together equal the
transformer’s input kVA capacity.

2. Equipment Classes

DOE divides covered equipment into
classes by: (a) the type of energy used;
(b) the capacity; or (c) any performance-
related features that affect consumer
utility or efficiency. (42 U.S.C. 6295(q))
Different energy conservation standards
may apply to different equipment
classes (ECs). For the preliminary
analysis and for today’s NOPR, DOE
analyzed the same ten ECs as were used
in the previous distribution
transformers energy conservation
standards rulemaking.24 These ten
equipment classes divided up the
population of distribution transformers
by:

(a) Type of transformer insulation—
liquid-immersed or dry-type,

(b) Number of phases—single or three,

(c) Voltage class—low or medium (for
dry-type units only), and

(d) Basic impulse insulation level (for
medium-voltage, dry-type units only).

On August 8, 2005, the President
signed into law EPACT 2005, which
contained a provision establishing
energy conservation standards for two of
DOE’s equipment classes—EC3 (low-
voltage, single-phase, dry-type) and EC4
(low-voltage, three-phase, dry-type).
With standards thereby established for
low-voltage, dry-type distribution
transformers, DOE no longer considered
these two equipment classes for
standards during the previous
rulemaking. Since the current
rulemaking is considering new
standards for distribution transformers,
DOE has preliminarily decided to also
revisit low-voltage, dry-type distribution
transformers to determine if higher
efficiency standards are justified. Table
IV.1 presents the ten equipment classes
within the scope of this rulemaking
analysis and provides the kVA range
associated with each.

TABLE IV.1—DISTRIBUTION TRANSFORMER EQUIPMENT CLASSES

EC # Insulation Voltage Phase BIL Rating kVA Range
T o Liquid-Immersed ............c...... Medium ......oocieiiiie SiNGIE e | e 10-833 kVA
2 Liquid-Immersed .................... Medium ... Three ..o | e 15-2500 kVA
3 Dry-TYpe .ceeeeiieeeeieeeeieeeee LOW oo SINGIE i | e 15-333 kVA
4o Dry-Type .ceeeeiieeeiieeeeeeee LOW oo Three ..o | 15-1000 kVA

24 See chapter 5 of the TSD for further discussion
of equipment classes.
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TABLE IV.1—DISTRIBUTION TRANSFORMER EQUIPMENT CLASSES—Continued

EC # Insulation Voltage Phase BIL Rating kVA Range
DIY-TYPE oreeeeeeeeeeeeeeeeeernnn 20-45kV BIL 15-833 kVA
Dry-Type ... 20-45kV BIL 15-2500 kVA
Dry-Type ... 46-95kV BIL 15-833 kVA
DIY-TYPE oo, 46-95kV BIL 15-2500 kVA
DIY-TYPE oo > 96kV BIL 75-833 kVA
DIY-TYPE oeeereeeereeereseserennns > 96kV BIL 225-2500 kVA

ABB commented that the currently
defined equipment classes do not cover
the product scope as defined in 10 CFR
part 431.192, which defines medium-
voltage as between 601 V and 34.5 kV.
Therefore, it recommended changing the
equipment classes analyzed, or at least
revising the definition in the CFR. (ABB,
No. 14 at p. 9)

DOE is uncertain of how its current
equipment classes are inconsistent with
its published definition of “medium-
voltage dry-type” and requests further
comment on the issue.

a. Less-Flammable Liquid-Immersed
Transformers

In the August 2006 standards NOPR,
DOE solicited comments about how it
should treat distribution transformers
filled with an insulating fluid of higher
flash point than that of traditional
mineral oil. 71 FR 44369 (August 4,
2006). Known as “less-flammable,
liquid-immersed” (LFLI) transformers,
these units are marketed to some
applications where a fire would be
especially costly and traditionally
served by the dry-type market, such as
indoor applications.

During preliminary interviews with
manufacturers, DOE was informed that
LFLI transformers might offer the same
utility as dry-type transformers since
they were unlikely to catch fire.
Manufacturers also stated that LFLI
transformers could have a minor
efficiency disadvantage relative to
traditional liquid-immersed
transformers because their more viscous
insulating fluid requires more internal
ducting to properly circulate.

In the October 2007 final rule, DOE
determined that LFLI transformers
should be considered in the same
equipment class as traditional liquid-
immersed transformers. DOE concluded
that the design of a transformer (i.e.,
dry-type or liquid-immersed) was a
performance-related feature that affects
the energy efficiency of the equipment
and, therefore, dry-type and liquid-
immersed should be analyzed
separately. Furthermore, DOE found
that LFLI transformers could meet the
same efficiency levels as traditional
liquid-immersed units. As a result, DOE

did not separately analyze LFLI
transformers, but relied on the analysis
for the mineral oil liquid-immersed
transformers. 72 FR 58202 (October 12,
2007).

For the preliminary analysis, DOE
revisited the issue in light of additional
research on LFLI transformers and
conversations with manufacturers and
industry experts. DOE first considered
whether LFLI transformers offered the
same utility as dry-type equipment, and
came to the same conclusion as in the
last rulemaking. While LFLI
transformers can be used in some
applications that historically use dry-
type units, there are applications that
cannot tolerate a leak or fire. In these
applications, customers assign higher
utility to a dry-type transformer. Since
LFLI transformers can achieve higher
efficiencies than comparable dry-type
units, combining LFLIs and dry-types
into one equipment class may result in
standard levels that dry-type units are
unable to meet. Therefore, DOE decided
not to analyze LFLI transformers in the
same equipment classes as dry-type
distribution transformers.

Similarly, DOE revisited the issue of
whether or not LFLI transformers
should be analyzed separately from
traditional liquid-immersed units. DOE
concluded, once again, that LFLI
transformers could achieve any
efficiency level that mineral oil units
could achieve. Although their insulating
fluids are slightly more viscous, this
disadvantage has little efficiency
impact, and diminishes as efficiency
increases and heat dissipation
requirements decline. Furthermore, at
least one manufacturer suggested that
LFLI transformers might be capable of
higher efficiencies than mineral oil
units because their higher temperature
tolerance may allow the unit to be
downsized and run hotter than mineral
oil units. Additionally, HVOLT agreed
with DOE that high temperature liquid-
filled transformer insulation systems
have a similar space factor to mineral oil
systems and should thus have similar
losses. (HVOLT, No. 33 at p. 2) For these
reasons, DOE believes that LFLI
transformers would not be
disproportionately affected by standards

set in the liquid-immersed equipment
classes. Therefore, DOE did not consider
LFLI in a separate equipment class for
the NOPR analysis.

b. Pole- and Pad-Mounted Liquid-
Immersed Distribution Transformers

During negotiations, several parties
raised the question of whether pole-
mounted, pad-mounted, and possibly
other types of liquid-immersed
transformers should be considered in
separate equipment classes. (ABB, Pub.
Mtg. Tr., No. 89 at p. 230) DOE
acknowledges that as standards rise,
transformer types which previously had
similar incremental costs may start to
diverge and requests comment on
whether and why separate equipment
classes are warranted for pole-mounted,
pad-mounted, and other types of liquid-
immersed distribution transformers.

c. BIL Ratings in Liquid-Immersed
Distribution Transformers

During negotiations, several parties
raised the question of whether liquid-
immersed distribution transformers
should have standards set according to
BIL rating, as do medium-voltage, dry-
type distribution transformers. (ABB,
Pub. Mtg. Tr., No. 89 at p. 218) DOE
acknowledges that as standards rise, BIL
ratings which previously had similar
incremental costs may start to diverge
and requests comment on whether and
why separate equipment classes are
warranted for liquid-immersed
transformers of different BIL ratings.
DOE requests particular comment on
how many BIL bins are appropriate to
cover the range and where the specific
boundaries of those bins should lie.

3. Technology Options

The technology assessment provides
information about existing technology
options to construct more energy-
efficient distribution transformers.
There are two main types of losses in
transformers: no-load (core) losses and
load (winding) losses. Measures taken to
reduce one type of loss typically
increase the other type of losses. Some
examples of technology options to
improve efficiency include: (1) Higher-
grade electrical core steels, (2) different
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conductor types and materials, and (3)
adjustments to core and coil
configurations.

In consultation with interested
parties, DOE identified several
technology options and designs for

consideration. These technology options

are presented in Table IV.2. Further
detail on these technology options can
be found in chapter 3 of the preliminary
TSD.

TABLE IV.2—OPTIONS AND IMPACTS OF INCREASING TRANSFORMER EFFICIENCY

No-load losses Load losses Cost impact
To decrease no-load losses

Use lower-loss core materials ..........cccccovevveeiinieiinicieiceee Higher.
Decrease flux density by:

Increasing core cross-sectional area (CSA) ......ccccoceees Higher.

Decreasing VOIts per turn .........ccccooceeeeiiiieeiiieeeeee e Higher.
Decrease flux path length by decreasing conductor CSA ...... Lower.
Use 120° symmetry in three-phase cores ™ ............cccceveeeenen. TBD.

To decrease load losses

Use lower-loss conductor material ............cccocoeiiiiiiiiiniienns No change ......cccccoeviriininnne Lower ... Higher.
Decrease current density by increasing conductor CSA ........ Higher ..o, LOWEr oo Higher.
Decrease current path length by:

Decreasing core CSA .......ccooiiiiiiiieeee s Higher ..o LOWEr oo Lower.

Increasing VOIS per turn .........ccccceeceeiiiiiiiciecee s Higher ..o Lower ..., Lower.

* Amorphous core materials would result in higher load losses because flux density drops, requiring a larger core volume.
** Sometimes referred to as a “hexa-transformer” design.

HYDRO-Quebec (IREQ) notified DOE
that a new iron-based amorphous alloy
ribbon for distribution transformers was
developed that has enhanced magnetic
properties while remaining ductile after
annealing. Further, IREQ noted that a
distribution transformer assembly using
this technology has been developed.
(IREQ, No. 10 at pp. 1-2)

DOE was not able to analyze the
described material in the NOPR phase of
the rulemaking, but intends to explore
it further in the final rule. Two of the
challenges facing amorphous steel
include availability of the raw material
and core manufacturing capacity. DOE
seeks comment and analysis about
amorphous steels that offer greater raw
material availability and greater
capacity to manufacture amorphous
core steel.

a. Core Deactivation

As noted previously, core
deactivation technology employs the
concept that a system of smaller
transformers can replace a single, larger
transformer. For example, three 25 kVA
transformers operating in parallel could
replace a single 75 kVA transformer.

DOE understands that winding losses
are proportionally smaller at lower load
factors, but for any given current, a
smaller transformer will experience
greater winding losses than a larger
transformer. As a result, those losses
may be more than offset by the smaller
transformer’s reduced core losses. As
loading increases, winding losses
become proportionally larger and
eventually outweigh the power saved by
using the smaller core. At that point, the

control unit (which consumes little
power itself) switches on an additional
transformer, which reduces winding
losses at the cost of additional core
losses. The control unit knows how
efficient each combination of
transformers is for any given loading,
and is constantly monitoring the unit’s
power output so that it will use the
optimal number of cores. In theory,
there is no limit to the number of
transformers that may operate in
parallel in this sort of system, but cost
considerations would imply an optimal
number.

DOE spoke with a company that is
developing a core deactivation
technology. Noting that many dry-type
transformers are operated at very low
loadings a large percentage of the time
(e.g., a building at night), the company
seeks to reduce core losses by replacing
a single, traditional transformer with
two or more smaller units that could be
activated and deactivated in response to
load demands. In response to load
demand changes, a special unit controls
the transformers and activates and/or
deactivates them in real-time.

Although core deactivation
technology has some potential to save
energy over a real-world loading cycle,
those savings might not be represented
in the current DOE test procedure.
Presently, the test procedure specifies a
single loading point of 50 percent for
liquid-immersed and MVDT
transformers, and 35 percent for LVDT.
The real gain in efficiency for core
deactivation technology comes at
loading points below the root mean

square (RMS) loading specified in the
test procedure, where some transformers
in the system could be deactivated. At
loadings where all transformers are
activated, which may be the case at the
test procedure loading, the combined
core and coil losses of the system of
transformers could exceed those of a
single, larger transformer. This would
result in a lower efficiency for the
system of transformers compared to the
single, larger transformer.

In response to the preliminary
analysis, NEMA commented that core
deactivation technology is unrelated to
the design of a transformer, but rather is
related to the system of which it is a
part. Therefore, NEMA commented, it is
outside the scope of this rulemaking,
because all transformers must comply
with DOE regulations. (NEMA, No. 13 at
p. 3) ABB agreed that core deactivation
technology is not related to the design
of a transformer, but rather related to the
design of the system in which the
transformer is deployed. ABB noted that
core deactivation technology input
voltage source is disconnected from the
transformer terminals, similar to a
switchgear component and, as such, is
not an integral element of the
distribution transformer any more than
a disconnect switch or circuit breaker.
ABB commented that DOE does not
consider other systems for energy
efficiency, but if it is to look at core
deactivation technology, perhaps it
should also consider technologies that
maintain the load power factor closer to
unity. (ABB, No. 14 at pp. 3, 6)
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Howard Industries (HI) commented
that core deactivation technology does
not currently exist for liquid-immersed
transformers, and has not been
evaluated for feasibility. In its opinion,
core deactivation technology could
cause several issues, such as flicker
problems and in-rush current/surge
protection. Additionally, HI believed
that there are patent issues for this
technology. For these reasons, HI
recommended that DOE not consider
core deactivation technology for liquid-
immersed transformers. (HI, No. 23 at
Pp. 4, 11) Edison Electric Institute (EEI)
agreed that core deactivation should not
be considered for liquid-immersed
transformers, which face significant
load diversity because multiple
buildings and/or homes can be served
by a single transformer. EEI commented
that, due to this load diversity, it is
highly unlikely that core deactivation
would provide energy savings for
liquid-immersed transformers. (EEI, No.
29 at pp. 4-5)

HVOLT commented that core
deactivation is not feasible. Based on
HVOLT calculations, core deactivation
only achieves fewer losses than a single,
full-sized unit when loaded below 15
percent. Core deactivation also requires
considerations for impedance,
regulation, switching devices, and
transformer reliability, making the
technology unattractive for efficiency
regulations. (HVOLT, No. 33 at pp. 2—
3) Furthermore, HVOLT performed
loading analyses of core deactivation
technology and found that the only
loading point where it beats traditional
transformers was at zero percent.
(HVOLT, Pub. Mtg. Tr., No. 34 at p. 60)
However, Warner Power indicated that
HVOLT’s analysis was based on
assumed numbers rather than actual
designs and stated that core deactivation
technology is more efficient than
HVOLT’s analysis indicated. (WP, Pub.
Mtg. Tr., No. 34 at p. 62) Warner Power
also commented that the 0.75 scaling
factor did not accurately capture the
efficiency of the smaller component
transformers in a core deactivation
system and asserted that it would prefer
to see a linear scaling factor (WP, No. 30
at pp. 67, 11). Furthermore, Warner
Power pointed out that core
deactivation technology is better suited
for many small loads than for large,
discrete loads. The multiple, smaller
loads create a smooth load profile
throughout the day without sudden
large demands. (WP, No. 30 at p. 7)
Warner Power also commented that, for
core deactivation technology, it is
important to note that the secondary
and tertiary component transformers do

not typically power on at 33 percent and
66 percent load. Rather, the switching
point is where the system operates with
the lowest total losses and is specific to
the transformer design. (WP, No. 30 at
p. 7) Finally, Warner Power stated that
core deactivation technology allows a
transformer to achieve higher efficiency
at low loading values. WP hypothesized
that average power consumption will go
down in buildings and transformer core
losses will start to become more
significant, thus making core
deactivation technology more desirable.
(WP, Pub. Mtg. Tr., No. 34 at p. 42)

NRECA and the NRECA Transmission
& Distribution Engineering Committee
(T&DEC) commented that core
deactivation technology would be
extremely difficult to successfully
implement from an economical
viewpoint. (NRECA/T&DEC, No. 31 and
36 at p. 2) Southern Company (SC)
agreed and noted that core deactivation
technology does not seem practical or
cost-effective because it would use more
materials than a single transformer,
which would increase the weight and
cost of the unit. SC further noted that
the increased weight could be
problematic for pole-mounted
transformers. (SC, No. 22 at p. 3)

FPT commented that DOE should not
consider core deactivation in the
efficiency standard rulemaking at this
time because it is only advantageous in
certain situations with low loading
requirements, and thus only represents
a small portion of the market. (FPT, No.
27 at p. 3) Rather, FPT suggested that
DOE encourage users to de-energize the
LVDT from the primary switch/breaker.
FPT also noted that the technology
would face challenges with medium-
voltage transformers, such as pre-strikes,
re-strikes, ferroresonance, and reducing
the life of the primary circuit
sectionalizing device. (FPT, No. 27 at p.
3)

Berman Economics was interested to
know if DOE would also be looking at
the potential differences in stress and
wear on the transformer as one is
activating and deactivating the core
deactivation transformer. (BE, Pub. Mtg.
Tr, No. 34 at p. 62)

DOE appreciates all of the comments
from interested parties regarding core
deactivation technology. DOE
understands that core deactivation
technology is most easily implemented
in LVDT distribution transformer
designs. Implementing core deactivation
technology in medium-voltage
distribution transformers is possible, but
poses difficulties for switching the
primary and secondary connections. For
the NOPR, DOE has not fully quantified
these difficulties because it did not

directly analyze core deactivation
technology, although DOE believes it
may be possible to evaluate the
technology using its existing
transformer designs. DOE also
acknowledges that operating a core
deactivation bank of transformers
instead of a single unit may save energy
and lower LCC for certain consumers.
At present, however, DOE is adopting
the position that each of the constituent
transformers must comply with the
energy conservation standards under the
scope of the rulemaking.

b. Symmetric Core

DOE understands that several
companies worldwide are commercially
producing three-phase transformers
with symmetric cores—those in which
each leg of the transformer is identically
connected to the other two. The
symmetric core uses a continuously
wound core with 120-degree radial
symmetry, resulting in a triangularly
shaped core when viewed from above.
In a traditional core, the center leg is
magnetically distinguishable from the
other two because it has a shorter
average flux path to each. In a
symmetric core, however, no leg is
magnetically distinguishable from the
other two.

One manufacturer of symmetric core
transformers cited several advantages to
the symmetric core design. These
include reduced weight, volume, no-
load losses, noise, vibration, stray
magnetic fields, inrush current, and
power in the third harmonic. Thus far,
DOE has seen limited cost and
efficiency data for only a few symmetric
core units from testing done by
manufacturers. DOE has not seen any
designs for symmetric core units
modeled in a software program.

DOE understands that, because of
zero-sequence fluxes associated with
wye-wye connected transformers,
symmetric core designs are best suited
to delta-delta or delta-wye connections.
While traditional cores can circumvent
the problem of zero-sequence fluxes by
introducing a fourth or fifth unwound
leg, core symmetry makes extra legs
inherently impractical. Another way to
mitigate zero-sequence fluxes comes in
the form of a tertiary winding, which is
delta-connected and has no external
connections. This winding is dormant
when the transformer’s load is balanced
across its phases. Although symmetric
core designs may, in theory, be made
tolerant of zero-sequence fluxes by
employing this method, this would
come at extra cost and complexity.

Using this tertiary winding, DOE
believes that symmetric core designs
can service nearly all distribution
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transformer applications in the United
States. Most dry-type transformers have
a delta connection and would not
require a tertiary winding. Similarly,
most liquid-immersed transformers
serving the industrial sector have a delta
connection. These market segments
could use the symmetric core design
without any modification for a tertiary
winding. However, in the United States
most utility-operated distribution
transformers are wye-wye connected.
These transformers would require the
tertiary winding in a symmetric core
design.

DOE understands that symmetric core
designs are more challenging to

manufacture and require specialized
equipment that is currently uncommon
in the industry. However, DOE did not
find a reasonable basis to screen this
technology option out of the analysis,
and is aware of at least one
manufacturer producing dry-type
symmetric core designs commercially in
the United States.

For the preliminary analysis, DOE
lacked the data necessary to perform a
thorough engineering analysis of
symmetric core designs. To generate a
cost-efficiency relationship for
symmetric core design transformers,
DOE made several assumptions. DOE
adjusted its traditional core design

models to simulate the cost and
efficiency of a comparable symmetric
core design. To do this, DOE reduced
core losses and core weight while
increasing labor costs to approximate
the symmetric core designs. These
adjustments were based on data
received from manufacturers, published
literature, and through conversations
with manufacturers. Table IV.3
indicates the range of potential
adjustments for each variable that DOE
considered and the mean value used in
the analysis.

TABLE IV.3—SYMMETRIC CORE DESIGN ADJUSTMENTS

[Percentage changes]

Range Core losses Core wei
ght
(W) (Ibs) Labor hours
/o T4 TU T o SR -0.0 —-12.0 +10.0
Mean —-15.5 —-17.5 +55.0
1= D 100 SRS —-25.0 —-25.0 +100.0

DOE applied the adjustments to each
of the traditional three-phase
transformer designs to develop a cost-
efficiency relationship for symmetric
core technology. DOE did not model a
tertiary winding for the wye-wye
connected liquid-immersed design lines
(DLs). Based on its research, DOE
believes that the losses associated with
the tertiary winding may offset the
benefits of the symmetric core design
and that the tertiary winding will add
cost to the design. Therefore, DOE
modeled symmetric core designs for the
three-phase, liquid-immersed design
lines without a tertiary winding to
examine the impact of symmetric core
technology on the subgroup of
applications that do not require the
tertiary winding.

NPCC and NEEA jointly commented
that DOE should revise its assumptions
about costs and limitations of symmetric
core designs in accordance with
information provided by manufacturers
of these technologies. (NPCC/NEEA, No.
11 at p. 2) Furthermore, NPCC and
NEEA noted that DOE should revise its
analysis for symmetric core designs to
account for labor costs that mirror those
of conventional core designs. NPCC and
NEEA recommended that DOE request
additional data from manufacturers that
are producing this technology. (NPCC/
NEEA, No. 11 at pp. 4, 6)

Hex Tec (HEX) commented that DOE
should consider a symmetric core
design using amorphous core steel in its
evaluation. (HEX, No. 35 at p. 1) It noted

that there are several variations of the
symmetric core design being made
around the world and that licenses are
available. Furthermore, it commented
that amorphous metal suppliers are
emerging in India and China,
concluding that there are no barriers to
adopting symmetric core technology
with an amorphous core. (HEX, No. 35
at p. 1) Hex Tec pointed out that
amorphous units up to 3 MVA in size
have been produced using Evans
distributed gap core construction, but
are labor intensive and difficult to
produce, and concluded that amorphous
designs are easier to make using a
symmetric core. (HEX, No. 35 at p. 1)
Finally, Hex Tec submitted a letter
written by the Vice President of
Research & Development at Metglas that
indicates that symmetric core units
using amorphous steel of 15 to 100 kVA
demonstrated core losses of 0.13 Watts/
Ib at an induction of 1.2 T. The letter
also noted that audible sound levels
were low. (HEX, No. 35 at p. 14)

Hammond (HPS) commented that its
analytical and prototype work indicated
that symmetric core designs do not
experience a core loss advantage but do
have higher manufacturing costs. (HPS,
No. 3 at p. 2) However, Hex Tec
commented that it builds symmetric
cores with labor costs and material
savings that are comparable to those
incurred by conventional construction.
(HEX, Pub. Mtg. Tr., No. 34 at p. 25) Hex
Tec noted that the equipment to
produce symmetric wound cores is

significantly less expensive than flat
stack steel equipment and that the labor
production times are lower. (HEX, Pub.
Mtg. Tr., No. 34 at p. 52) Hex Tec added
that labor requirements, both TAC time
and process times, are lower for
symmetric core designs than for
conventional designs. (HEX, No. 35 at
.2)
P Hex Tec submitted data showing that
the weight of three-phase, 75 kVA LVDT
symmetric core designs ranged from 390
to 600 pounds between 98.6 and 99.2
percent efficiency. These weights are
lower than the weights of comparably
efficient designs using conventional
cores. (HEX, No. 35 at p. 7) Hex Tec also
submitted data comparing the
efficiency, dimensions, core and coil
material content, and cost of several
conventional designs for three-phase, 75
kVA LVDT units to those of otherwise
identical symmetric core designs. (HEX,
No. 35 at p. 8) Hex Tec noted it took the
same amount of labor time as a major
conventional-design manufacturer to
produce a three-phase 75 kVA LVDT
rated at CSL3,25 and that it was able to
do so with lower material costs. (HEX,
Pub. Mtg. Tr., No. 34 at p. 110) Hex Tec
also submitted data showing
comparisons between the weight, losses,
and costs of conventional core designs
and symmetric core designs at 1000

25 “Candidate Standard Levels” (CSLs) are
analogous to the Efficiency Levels (ELs) DOE
utilizes together in the NOPR to create Trial
Standard Levels (TSLs). This particular commenter
refers to CSL3 from the 2007 rulemaking, not the
present one.
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kVA and 2000 kVA for MVDTs. (HEX,
No. 35 at pp. 9-10)

Warner Power pointed out that recent
improvements in the manufacturing
process for symmetric core designs,
leveraged by increasing volumes, will
bring labor costs down to approximately
10 percent below labor costs for
conventional cores. (WP, No. 30 at p. 3)
Warner Power commented that
symmetric cores use a wound core with
no scrap and approximately 15 percent
lower weight than that of conventional
cores. (WP, No. 30 at p. 3) Warner felt
that DOE’s symmetric core analysis
contained some significant errors that
would generate the wrong output, and
that the manufacturing cost estimates
for symmetric cores were overstated.
(WP, No. 30 at p. 9; WP Pub. Mtg. Tr.,
No. 34 at p. 111)

Power Partners commented that DOE
should not set a standard based on
symmetric core designs because they are
not common in the industry and could
place an unreasonable burden on
smaller manufacturers who would be
unable to invest in the equipment
necessary for the technology. (PP, No.
19 at p. 2) NEMA agreed, commenting
that symmetric core is in its infancy and
has low penetration in the industry and
should not be introduced into the
regulation until it has been proven in
the marketplace. (NEMA, No. 13 at p. 3)
FPT commented that symmetric core
technology should not be used as the
basis for increasing efficiency levels and
noted that, while the technology may be
advantageous in some areas, it may
present problems with larger
transformers. (FPT, No. 27 at pp. 3—4,
13) Warner Power disagreed and stated
that symmetric core designs and core
deactivation technology should be
included in the scope of DOE’s analysis,
recommending several symmetric core
and core deactivation design option
combinations. (WP, No. 30 at p. 9)

NEEA reiterated that symmetric core
manufacturers have stated that there
should not be any patent concerns for
the technology, since it is not yet
patented. (NEEA, No. 11 at p. 4; NEEA,
Pub. Mtg. Tr., No. 34 at p. 261) Howard
Industries disagreed and commented
that DOE should not consider
symmetric core technology because it is
patented by Hexaformer AB of Sweden,
which would result in increased
licensing costs. (HI, No. 23 at pp. 3—4,
6—7, 11) Furthermore, HI noted that no
manufacturers in North America
currently produce the design for liquid-
immersed units. (HI, No. 23 at pp. 3-4,
6—7, 11) HI also pointed out that
Hexaformer AB does not produce units
higher than 200 kVA and 24 kV,
whereas most utilities require larger

kVA sizes and 35 kV. (HI, No. 23 at pp.
3—4, 6-7, 11) Finally, Howard
commented that all efficiency
improvements for symmetric core
liquid-immersed designs are theoretical
at this point. (HI, No. 23 at pp. 3—4, 6—
7,11)

Southern Company commented that
symmetric core technology is not
feasible for utility applications because
they require wye-wye connections,
while symmetric cores have a delta
connection. SC noted that, while a
tertiary winding may enable the
symmetric core design to be connected
in the system, SC has had trouble in the
past with tertiary windings and has
discontinued purchasing transformers
that use them. (SC, No. 22 at p. 2)
Howard Industries and HVOLT also
noted that most utility transformers are
wye-wye connected and would need a
delta tertiary winding to use symmetric
core technology, which would drive
down efficiency while increasing costs.
(HI, No. 23 at pp. 3—4, 6-7, 11; HVOLT,
Pub. Mtg. Tr., No. 34 at p. 50; HVOLT,
Pub. Mtg. Tr., No. 34 at p. 50)

DOE attempts to consider all designs
that are technologically feasible and
practicable to manufacture and believes
that symmetric core designs can meet
these criteria. However, DOE has not
been able to obtain or produce sufficient
data to modify its analysis of symmetric
cores since the preliminary analysis.
Therefore, although not screened out,
DOE has not considered symmetric core
designs for its NOPR analyses. DOE
welcomes comment and submission of
engineering data that would be useful in
analyzing symmetric core designs in the
final rule.

c. Intellectual Property

In setting standards, DOE seeks to
analyze the efficiency potentials of
commercially available technologies
and working prototypes as well as the
availability of those technologies to the
market at-large. If certain market
participants own intellectual property
that enable them to reach efficiencies
that other participants practically
cannot, amended standards may reduce
the competitiveness of the market.

In the case of distribution
transformers, stakeholders have raised
potential intellectual property concerns
surrounding both symmetric core
technology and amorphous metals in
particular. DOE currently understands
that symmetric core technology itself is
not proprietary, but that one of the more
commonly employed methods of
production is the property of the
Swedish company Hexaformer AB.
However, Hexaformer AB’s method is
not the only one capable of producing

symmetric cores. Moreover, Hexaformer
AB and other companies owning
intellectual property related to the
manufacture of symmetric core designs
have demonstrated an eagerness to
license such technology to others that
are using it to build symmetric core
transformers commercially today.

Warner Power commented that the
well-known symmetric core design
(Hexaformers) is subject to worldwide
patents for the core winding and
assembly process, but multiple licenses
have been authorized and the IP owner
has indicated it will entertain additional
licenses. The basic design concept is not
patented, and several other
manufacturers make symmetric cores, so
patents should not be a limiting factor.
(WP, No. 30 at pp. 3—4)

EEI noted that, if certain higher-
efficiency designs are covered by
patents, then the number of
manufacturers may decrease, which
would increase transformer prices. It
recommended that DOE discuss any
relevant patents and indicate whether
they will be in place after 2016. (EEI,
No. 29 at p. 10)

DOE understands that symmetric core
technology may ultimately offer a lower-
cost path to higher efficiency, at least in
certain applications, and that few
symmetric cores are produced in the
United States. However, DOE notes
again that it has been unable to secure
data that are sufficiently robust for use
as the basis for an energy conservation
standard, but encourages interested
parties to submit data that would assist
in DOE’s analysis of symmetric core
technology.

B. Screening Analysis

DOE uses the following four screening
criteria to determine which design
options are suitable for further
consideration in a standards
rulemaking:

1. Technological feasibility.
Technologies incorporated in
commercial products or in working
prototypes will be considered to be
technologically feasible.

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

3. Impacts on product utility to
consumers. If a technology is
determined to have significant adverse
impact on the utility of the product to
significant subgroups of consumers, or
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result in the unavailability of any
covered product type with performance
characteristics (including reliability),
features, sizes, capacities, and volumes
that are substantially the same as
products generally available in the
United States at the time, it will not be
considered further.

4. Safety of technologies. If it is
determined that a technology will have
significant adverse impacts on health or
safety, it will not be considered further.

A)

(10 CFR part 430, subpart C, appendix

In the preliminary analysis, DOE
identified the technologies for
improving distribution transformer
efficiency that were under
consideration. DOE developed this
initial list of design options from the
technologies identified in the
technology assessment. Then DOE
reviewed the list to determine if the
design options are practicable to

manufacture, install, and service; would
adversely affect equipment utility or
equipment availability; or would have
adverse impacts on health and safety. In
the engineering analysis, DOE only
considered those design options that
satisfied the four screening criteria. The
design options that DOE did not
consider because they were screened
out are summarized in Table IV.4.

TABLE IV.4—DESIGN OPTIONS SCREENED OUT OF THE ANALYSIS

Design option excluded

Eliminating screening criteria

Silver as a Conductor Material
High-Temperature Superconductors

Amorphous Core Material in Stacked Core Configuration ......................
Carbon Composite Materials for Heat Removal

High-Temperature Insulating Material
Solid-State (Power Electronics) Technology

Practicability to manufacture, install, and service.

Technological feasibility; Practicability to manufacture, install, and serv-
ice.

Technological feasibility; Practicability to manufacture, install, and serv-
ice.

Technological feasibility.

Technological feasibility.

Technological feasibility; Practicability to manufacture, install, and serv-

Nanotechnology Composites

ice.

Technological feasibility.

Chapter 4 of the TSD discusses each
of these screened-out design options in
more detail. The chapter also includes
a list of emerging technologies that
could impact future distribution
transformer manufacturing costs.

Multiple interested parties
commented that they agreed with the
technology options screened out of the
analysis by DOE. (EEIL No. 29 at p. 5; HI,
No. 23 at p. 5; NPCG/NEEA, No. 11 at
p. 3) Metglas concurred that using
amorphous metals in a stack core
configuration is technically infeasible.
(Metglas, Pub. Mtg. Tr., No. 34 at p. 66)
Howard Industries also recommended
that DOE screen out symmetric core
designs and core deactivation
technology from their analysis based on
proprietary concerns. (HI, No. 23 at

. 5)
P DOE appreciates the feedback and
remains interested in advances that
would allow a currently screened
technology to be considered as a design
option. As for symmetric core designs,
DOE has not screened this technology
out because it is aware that
manufacturers around the world are
building and selling such transformers.
However, without additional
information regarding the technology,
DOE has been unable to fully evaluate
this as a design option.

1. Nanotechnology Composites

DOE understands that the
nanotechnology field is actively
researching ways to produce bulk
material with desirable features on a
molecular scale. Some of these materials

may have high resistivity, high
permeability, or other properties that
make them attractive for use in
electrical transformers. DOE knows of
no current commercial efforts to employ
these materials in distribution
transformers and no prototype designs
using this technology, but welcomes
comment on such technology and its
implications for the future of the
industry.

NEMA and ABB Transformers both
commented that, because
nanotechnology composite technology
is not commercially available in the
U.S., manufacturers cannot discuss it
publicly. (NEMA, No. 13 at p. 4; ABB,
No. 14 at p. 7) Howard Industries, Inc.
was unaware of any nanotechnology
composite technology for distribution
transformers. (HI, No. 23 at p. 4)

DOE appreciates confirmatory
feedback, and does not propose to
consider nanotechnology composites in
the current rulemaking.

C. Engineering Analysis

The engineering analysis develops
cost-efficiency 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 retail prices for 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 options that
pass the four criteria in the screening
analysis. The engineering analysis also

determines the maximum
technologically feasible energy
efficiency level.

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

In general, DOE can use three
methodologies to generate the
manufacturing costs needed for the
engineering analysis. These methods
are:

(1) The design-option approach—
reporting the incremental costs of
adding design options to a baseline
model;

(2) The efficiency-level approach—
reporting relative costs of achieving
improvements in energy efficiency; and

(3) The reverse engineering or cost
assessment approach—involving a
“bottom up”” manufacturing cost
assessment based on a detailed bill of
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materials derived from transformer
teardowns.

DOE’s analysis for the distribution
transformers rulemaking is based on the
design-option approach, in which
design software is used to assess the
cost-efficiency relationship between
various design option combinations.
This is the same approach that was
taken in the previous rulemaking for
distribution transformers.

1. Engineering Analysis Methodology

When developing its engineering
analysis for distribution transformers,
DOE divided the covered equipment
into equipment classes. As discussed,
distribution transformers are classified
by insulation type (liquid-immersed or
dry-type), number of phases (single or
three), primary voltage (low-voltage or
medium-voltage for dry-types) and basic
impulse insulation level (BIL) rating (for
dry-types). Using these transformer
design characteristics, DOE developed
ten equipment classes. Within each of
these equipment classes, DOE further
classified distribution transformers by
their kilovolt-ampere (kVA) rating.
These kVA ratings are essentially size
categories, indicating the power
handling capacity of the transformers.
For DOE’s rulemaking there are over 100
kVA ratings across all ten equipment
classes.

DOE recognized that it would be
impractical to conduct a detailed
engineering analysis on all kVA ratings,
so it sought to develop an approach that
simplified the analysis while retaining
reasonable levels of accuracy. DOE
consulted with industry representatives
and transformer design engineers to
develop an understanding of the
construction principles for distribution

transformers. It found that many of the
units share similar designs and
construction methods. Thus, DOE
simplified the analysis by creating
engineering design lines (DLs), which
group kVA ratings based on similar
principles of design and construction.
The DLs subdivide the equipment
classes, to improve the accuracy of the
engineering analysis. These DLs
differentiate the transformers by
insulation type (liquid-immersed or dry-
type), number of phases (single or
three), and primary insulation levels for
medium-voltage, dry-type (three
different BIL levels).

After developing its DLs, DOE then
selected one representative unit from
each DL for study in the engineering
analysis, greatly reducing the number of
units for direct analysis. For each
representative unit, DOE generated
hundreds of unique designs by
contracting with Optimized Program
Services, Inc. (OPS), a software
company specializing in transformer
design since 1969. The OPS software
used three primary inputs that it
received from DOE, (1) a design option
combination, which included core steel
grade, primary and secondary conductor
material, and core configuration; (2) a
loss valuation combination; and (3)
material prices. For each representative
unit, DOE examined anywhere from 8 to
16 design option combinations and for
each design option combination, the
OPS software generated 518 designs
based off of unique loss valuation
combinations. These loss valuation
combinations are known in industry as
A and B evaluation combinations and
represent a customer’s present value of
future losses in a transformer core and
winding, respectively. For each design

option combination and A and B
combination, the OPS software
generated an optimized transformer
design based on the material prices that
were also part of the inputs.
Consequently, DOE obtained thousands
of transformer designs for each
representative unit. The performance of
these designs ranged in efficiency from
a baseline level, equivalent to the
current distribution transformer energy
conservation standards, to a theoretical
max-tech efficiency level.

After generating each design, DOE
used the outputs of the OPS software to
help create a manufacturer selling price
(MSP). The material cost outputs of the
OPS software, along with labor
estimates were marked up for scrap
factors, factory overhead, shipping, and
non-production costs to generate an
MSP for each design. Thus, DOE
obtained a cost versus efficiency
relationship for each representative
unit. Finally, after DOE had generated
the MSPs versus efficiency relationship
for each representative unit, it
extrapolated the results the other,
unanalyzed, kVA ratings within that
same engineering design line.

2. Representative Units

For the preliminary analysis, DOE
analyzed 13 DLs that cover the range of
equipment classes within the
distribution transformer market. Within
each DL, DOE selected a representative
unit to analyze in the engineering
analysis. A representative unit is meant
to be an idealized distribution
transformer typical of those used in high
volume applications. Table IV.5 outlines
the design lines and representative units
selected for each equipment class.

TABLE |V.5—ENGINEERING DESIGN LINES AND REPRESENTATIVE UNITS FOR ANALYSIS

* bty kVA Representative unit for this
EC DL Type of distribution transformer Range engineering design line
1 ... 1 e Liquid-immersed, single-phase, rectangular tank .......... 10-167 | 50 kVA, 65 °C, single-phase, 60Hz, 14400V primary,
240/120V secondary, rectangular tank.
2 ... Liquid-immersed, single-phase, round tank .................. 10-167 | 25 kVA, 65 °C, single-phase, 60Hz, 14400V primary,
120/240V secondary, round tank.
3 Liquid-immersed, single-phase .........ccccccccviiieeriieeennnes 250-833 | 500 kVA, 65 °C, single-phase, 60Hz, 14400V primary,
277V secondary.
2 e 4 ... Liquid-immersed, three-phase ..........cccoccceeiieeiiiennnnns 15-500 | 150 kVA, 65 °C, three-phase, 60Hz, 12470Y/7200V pri-
mary, 208Y/120V secondary.
5 . Liquid-immersed, three-phase ..........ccccoeeeiiiiiiinicenn. 750-2500 | 1500 kVA, 65 °C, three-phase, 60Hz, 24940GrdY/
14400V primary, 480Y/277V secondary.
3 6 ... Dry-type, low-voltage, single-phase .........cccccccceriiennn. 15-333 | 25 kVA, 150 °C, single-phase, 60Hz, 480V primary, 120/
240V secondary, 10kV BIL.
4 ... T . Dry-type, low-voltage, three-phase ..........cccccocevrieeennes 15-150 | 75 kVA, 150 °C, three-phase, 60Hz, 480V primary,
208Y/120V secondary, 10kV BIL.
8 ... Dry-type, low-voltage, three-phase ...........cccccceeviiieennins 225-1000 | 300 kVA, 150 °C, three-phase, 60Hz, 480V Delta pri-
mary, 208Y/120V secondary, 10kV BIL.
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TABLE |V.5—ENGINEERING DESIGN LINES AND REPRESENTATIVE UNITS FOR ANALYSIS—Continued

* st kVA Representative unit for this
EC DL Type of distribution transformer Range engineering design line
6 ........ 9 s Dry-type, medium-voltage, three-phase, 20-45kV BIL 15-500 | 300 kVA, 150 °C, three-phase, 60Hz, 4160V Delta pri-
mary, 480Y/277V secondary, 45kV BIL.
10 ..... Dry-type, medium-voltage, three-phase, 20-45kV BIL 750-2500 | 1500 kVA, 150 °C, three-phase, 60Hz, 4160V primary,
480Y/277V secondary, 45kV BIL.
8 ... 11 ... Dry-type, medium-voltage, three-phase, 46—-95kV BIL 15-500 | 300 kVA, 150 °C, three-phase, 60Hz, 12470V primary,
480Y/277V secondary, 95kV BIL.
12 ... Dry-type, medium-voltage, three-phase, 46-95kV BIL 750-2500 | 1500 kVA, 150 °C, three-phase, 60Hz, 12470V primary,
480Y/277V secondary, 95kV BIL.
10 ...... 13 ... Dry-type, medium-voltage, three-phase, 96-150kV BIL | 225-2500 | 2000 kVA, 150 °C, three-phase, 60Hz, 12470V primary,
480Y/277V secondary, 125kV BIL.

*EC = Equipment Class

ABB commented that the definition of
design lines for equipment class 4
leaves an uncovered kVA range from
150 kVA to 225 kVA, and recommended
that DOE extend the scope of DL 8 to be
150-1000 kVA. (ABB, No. 14 at p. 12)
In view of the ABB comment, DOE
would like to clarify that DL 7 covers
kVA ratings up through 150 kVA, and
that DL 8 covers kVA ratings beginning
with 225 kVA. DOE does not specify
any ratings in between 150 and 225 kVA
because it is not aware of any standard
ratings between these two ratings.
Furthermore, 10 CFR 431.196(a) states
that low-voltage dry-type distribution
transformers with kVA ratings not
appearing in the table [of designated
kVA ratings and efficiencies] shall have
their minimum efficiency level
determined by linear interpolation of
the kVA and efficiency values
immediately above and below that kVA
rating. Therefore, DOE has not altered
the design lines for low-voltage dry-type
transformers.

Additionally, ABB had several
recommendations for DOE regarding
representative units. First, ABB
commented that DOE correctly noted in
the 2007 rulemaking that BIL does not
impact efficiency for liquid-immersed
transformers as significantly as it
impacts MVDT units. However, since
DOE does not separate out the liquid-
immersed efficiency levels by BIL and
performs its analysis on the 15 kV
voltage class, it understates the energy
savings for units with a higher BIL and
makes it more difficult for these units to
meet the efficiency standard. ABB
recommended that DOE analyze
representative units for liquid-immersed
design lines in the 200 kV BIL class,
such as a 34500 V (200 BIL) unit. (ABB,
No. 14 at pp. 7-8) For the liquid-
immersed design lines, ABB
recommended that DOE consider a 150
kVA (200 BIL) single-phase
representative unit and a 30 kVA (200

BIL) three-phase representative unit to
better represent the range of BILs
covered and to provide for more
accurate scaling. (ABB, No. 14 at p. 11)
To improve the scaling within the LVDT
equipment classes, ABB also
recommended that DOE consider a 100
kVA (10 BIL) single-phase
representative unit and a 25 kVA (10
BIL) three-phase unit. (ABB, No. 14 at

p- 12) For DL13, ABB recommended
that DOE consider a representative unit
in the 200 kV BIL class, such as 34500

V (200 BIL). For EC 10, ABB
recommended that DOE consider a
representative unit at 200 kV BIL in
order to analyze a unit at the upper limit
of the BIL rating for the equipment
class. (ABB, No. 14 at p. 10)

ABB also disagreed with the
assumption that single-phase MVDT
units have one-third the losses of three-
phase MVDT units and commented that
DOE should directly analyze single-
phase MVDT units. It further noted that
this assumption was not made for
liquid-immersed or LVDT units. (ABB,
No. 14 at pp. 5, 10) ABB suggested that
DOE analyze several single-phase
MVDT representative units including
the following: 50 kVA (45 BIL), 300 kVA
(45 BIL), 50 kVA (95 BIL), and 300 kVA
(95 BIL). ABB also recommended that
DOE analyze 150 kVA (200 BIL) and 500
kVA (200 BIL) units if DOE does not
change the definition of EC 9, or 50 kVA
(200 BIL) and 300 kVA (200 BIL) if it
does change the definition of EC 9 to
align with 10 CFR part 431.192. (ABB,
No. 14 at p. 10) To provide for better
scaling, ABB recommended that DOE
consider the following representative
units for three-phase MVDT: 30 kVA (45
BIL), and 30 kVA (95 BIL). ABB also
recommended that DOE analyze 500
kVA (200 BIL) units if it does not
change the definition of EC10, or 30
kVA (200 BIL) and 300 kVA (200 BIL)
units if it does change the definition of

EC9 to align with 10 CFR 431.192.
(ABB, No. 14 at p. 10)

NEMA commented that it found the
representative unit for DL 5, DL 13, and
the units for the single-phase liquid-
immersed design lines all to be
satisfactory. (NEMA, No. 13 at p. 4)
However, NEMA stated that DOE should
consider at least one representative unit
for each of the three equipment classes
for single-phase medium-voltage dry-
type transformers. (NEMA, No. 13 at p.
5) NEMA also suggested an additional
representative unit for each of the three
LVDT design lines. (NEMA, No. 13 at p.
5) For DL1, NEMA commented that DOE
should examine an additional
representative unit of 167 kVA, 65
degrees Celsius, single-phase, 60 Hz,
14400V primary, 240/120 secondary,
rectangular tank. (NEMA, No. 13 at p. 4)
For DL2, NEMA felt that DOE should
examine an additional representative
unit of 100 kVA, 65 degrees Celsius,
single-phase, 60 Hz, 14400V primary,
120/240 secondary, round tank. (NEMA,
No. 13 at p. 5)

Howard Industries also recommended
several representative units for DOE to
consider. Howard noted that it is not
optimum to require the same efficiency
for the entire range of BIL ratings for
liquid-immersed distribution
transformers. It suggested that DOE
examine representative units with
higher BIL ratings for the single-phase
liquid-immersed design lines, such as
19920 V (150 kV BIL), as well as for
dual primary voltage ratings, such as
7200 x 19920 V primary voltages. (HI,
No. 23 at p. 5) Also, Howard Industries
recommended that DOE consider a
representative unit for DL5 with a 150
kV BIL and a dual voltage primary, such
as 12470GRDY/7200 x 24500GRDY/
19920. (HI, No. 23 p. 5) Further, it
commented that large three-phase
liquid-immersed transformers with low-
voltage ratings, such as 208Y/120,
should be examined because these
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designs are difficult to manufacture
even under the present efficiency
standards. (HI, No. 23 at p. 5) Finally,
Howard Industries noted that DOE may
need to consider additional
representative units in order to perform
accurate scaling for pole type
transformers. It recommended that DOE
consider kVA ranges of 10-50 kVA, 75—
167 kVA, and 250-833 kVA for accurate
scaling of pole-mount units. (HI, No. 23
at p. 8)

Power Partners noted that it could not
determine the BIL rating for design line
1. (PP, Pub. Mtg. Tr., No. 34 at p. 71)
Howard Industries and Power Partners
both supported using 125 BIL 14400
volt designs for design lines 1-3. (PP,
Pub. Mtg. Tr., No. 34 at p. 72; HI, Pub.
Mtg. Tr., No. 34 at p. 72) NRECA and
T&DEC commented that the 14.4 kV
primary voltage selected for DOE’s
analysis of design lines 1 through 3 is
appropriate in that it represents a large
portion of the market. However, they
commented that DOE should explain
how other voltages above and below this
level would be impacted. (NRECA/
T&DEC, No. 31 and 36 at p. 3) In DL 3,
PP suggested analyzing the smallest and
largest transformers in addition to the
midpoint. (PP, Pub. Mtg. Tr., No. 34 at
p. 136) Power Partners would support
the use of 14400 volt 125 BIL coil
voltage as the means of analysis for all
liquid-filled design lines. (PP, Pub. Mtg.
Tr., No. 34 at p. 83) PP would also
support 14400 volts in the design lines
for single-phase liquid-immersed
transformers. (PP, Pub. Mtg. Tr., No. 34
at p. 71) It commented that DOE should
increase the voltage of its liquid-
immersed representative units to
34500GY/19920 (150 BIL) or, at a

minimum, consider 14400/24940Y (125
BIL). Power Partners noted that it is
more difficult to meet the efficiency
standards at these higher voltages, and
suggested detailed specifications for
revision to the representative units for
DL2 and DL3. (PP, No. 19 at pp. 2-3)

In regards to the representative unit
for DL13, FPT commented that dry-type
transformers with primaries rated for
125 kV BIL are more commonly rated at
24900V and 150 kV BIL units typically
have 34500 volt primaries. (FPT, No. 27
at p. 14) Hex Tec stated that, for DL 13,
“MVDT three-phase units, 2000 kVA
12470, 480/277 with a 95 kV BIL is the
workhorse of that market.” (HEX, Pub.
Mtg. Tr., No. 34 at p. 81) For 96—-150 kV
BIL, FPT believed that 24900 or 24940
volts would be more appropriate for the
primary voltage of the representative
unit in DL13. (FPT, Pub. Mtg. Tr., No.
34 at p. 81) Hammond commented that
the representative unit for DL13 should
have a primary of 24940 V Delta for the
125 kV BIL. (HPS, No. 3 at p. 3)

Schneider Electric (SE) suggested
adding another design line for low-
voltage three-phase units at 15 kVA. SE
felt that this would be beneficial to the
national impact analysis because that
design line is readily available in the
marketplace. (SE, Pub. Mtg. Tr., No. 34
at p. 83) SE also commented that DOE
should analyze two representative units
for each of the three existing LVDT
design lines. It recommended that DOE
split the analyzed kVA ranges into two
ranges and analyze a representative unit
in each. (SE, No. 18 at p. 7)

Central Moloney commented that the
25 kVA pole unit is shown as 240/120
but that the standard is 120/240. (CM,
Pub. Mtg. Tr., No. 34 at p. 72)

Overall, NPCC and NEEA commented
that the representative units selected
should accurately represent products
that are being sold in the marketplace,
and recommended that DOE adjust its
analysis based on feedback from
manufacturers. (NPCC/NEEA, No. 11 at
p. 5)

In view of the above comments, DOE
slightly modified its representative units
for the NOPR analysis. For the NOPR,
DOE analyzed the same 13
representative units as in the
preliminary analysis, but also added a
design line, and therefore representative
unit, by splitting the former design line
13 into two new design lines, 13A and
13B. This new representative unit is
shown in Table IV.6. The representative
units selected by DOE were chosen
because they comprise high volume
segments of the market for their
respective design lines and also provide,
in DOE’s view, a reasonable basis for
scaling to the unanalyzed kVA ratings.
DOE chooses certain designs to analyze
as representative of a particular design
line or design lines because it is
impractical to analyze all possible
designs in the scope of coverage for this
rulemaking. DOE will consider
extending its direct analysis further to
substantiate the efficiency standard
proposed for the final rule and will
publish sensitivity results to help assess
the accuracy of its analysis in the areas
not directly analyzed. DOE also notes
that as a part of the negotiations process,
DOE has worked directly with multiple
interested parties to develop a new
scaling methodology for the NOPR that
addresses some of the aforementioned
interested party concerns regarding
scaling.

TABLE |V.6—ENGINEERING DESIGN LINES (DLS) AND REPRESENTATIVE UNITS FOR ANALYSIS

EC* DL Type of distribution transformer kVA Range Rzﬂg’}ﬁggﬁt‘g% ggg;olirntg's
T e | I Liquid-immersed, single-phase, rectangular tank .... 10-167 | 50 kVA, 65 °C, single-phase, 60Hz, 14400V pri-
mary, 240/120V secondary, rectangular tank,
95kV BIL.
2 e Liquid-immersed, single-phase, round tank ............. 10-167 | 25 kVA, 65 °C, single-phase, 60Hz, 14400V pri-
mary, 120/240V secondary, round tank, 125 kV
BIL.
1 I Liquid-immersed, single-phase .........cccccconiirieenenen. 250-833 | 500 kVA, 65 °C, single-phase, 60Hz, 14400V pri-
mary, 277V secondary, 150kV BIL.
2 e, R Liquid-immersed, three-phase .........cccccccovieeiiineenne 15-500 | 150 kVA, 65 °C, three-phase, 60Hz, 12470Y/
7200V primary, 208Y/120V secondary, 95kV BIL.
5 e Liquid-immersed, three-phase .........cccccccevvcvveeicnnnnn. 750-2500 | 1500 kVA, 65 °C, three-phase, 60Hz, 24940GrdY/
14400V primary, 480Y/277V secondary, 125 kV
BIL.
3 6 i Dry-type, low-voltage, single-phase ...........c.ccccc..... 15-333 | 25 kVA, 150 °C, single-phase, 60Hz, 480V pri-
mary, 120/240V secondary, 10kV BIL.
4 T o Dry-type, low-voltage, three-phase ...........cccceeuee. 15-150 | 75 kVA, 150 °C, three-phase, 60Hz, 480V primary,
208Y/120V secondary, 10kV BIL.
8 e Dry-type, low-voltage, three-phase ............cccceeueee. 225-1000 | 300 kVA, 150 °C, three-phase, 60Hz, 480V Delta
primary, 208Y/120V secondary, 10kV BIL.
6 e 9 e Dry-type, medium-voltage, three-phase, 20-45kV 15-500 | 300 kVA, 150 °C, three-phase, 60Hz, 4160V Delta
BIL. primary, 480Y/277V secondary, 45kV BIL.
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TABLE IV.6—ENGINEERING DESIGN LINES (DLS) AND REPRESENTATIVE UNITS FOR ANALYSIS—Continued

EC* DL Type of distribution transformer kVA Range Riﬁgﬁi@ﬁrﬁgfﬂ g:igrﬁirntgls
10 e, Dry-type, medium-voltage, three-phase, 20-45kV 750-2500 | 1500 kVA, 150 °C, three-phase, 60Hz, 4160V pri-
BIL. mary, 480Y/277V secondary, 45kV BIL.
8 s 1M1 Dry-type, medium-voltage, three-phase, 46-95kV 15-500 | 300 kVA, 150 °C, three-phase, 60Hz, 12470V pri-
BIL. mary, 480Y/277V secondary, 95kV BIL.
12 e Dry-type, medium-voltage, three-phase, 46-95kV 750-2500 | 1500 kVA, 150 °C, three-phase, 60Hz, 12470V pri-
BIL. mary, 480Y/277V secondary, 95kV BIL.
10 e, 13A ... Dry-type, medium-voltage, three-phase, 96—150kV 75-833 | 300 kVA, 150 °C, three-phase, 60Hz, 24940V pri-
BIL. mary, 480Y/277V secondary, 125kV BIL.
13B ........ Dry-type, medium-voltage, three-phase, 96—150kV 225-2500 | 2000 kVA, 150 °C, three-phase, 60Hz, 24940V pri-
BIL. mary, 480Y/277V secondary, 125kV BIL.

*EC means equipment class (see Chapter 3 of the TSD). DOE did not select any representative units from the single-phase, medium-voltage
equipment classes (EC5, EC7 and EC9), but calculated the analytical results for EC5, EC7, and EC9 based on the results for their three-phase

counterparts.

3. Design Option Combinations

There are many different
combinations of design options that
could be considered for each
representative unit DOE analyzes. While
DOE cannot consider all the possible
combinations of design options, DOE
attempts to select design option
combinations that are common in the
industry while also spanning the range
of possible efficiencies for a given DL.
For each design option combination
chosen, DOE evaluates 518 designs
based on different A and B factor 26
combinations. For the engineering
analysis, DOE reused many of the
design option combinations that were
analyzed in the previous rulemaking for
distribution transformers.

For the preliminary analysis, DOE
considered a design option combination
that uses an amorphous steel core for
each of the dry-type design lines,
whereas DOE’s previous rulemaking did
not consider amorphous steel designs
for the dry-type design lines. Instead,
DOE had considered H-0 domain
refined (H-0 DR) steel as the maximum-
technologically feasible design.
However, DOE is aware that amorphous
steel designs are now used in dry-type
distribution transformers. Therefore,
DOE considered amorphous steel
designs for each of the dry-type
transformer design lines in the
preliminary analysis.

During preliminary interviews with
manufacturers, DOE received comment
that it should consider additional design
option combinations using aluminum
for the primary conductor rather than
copper. While manufacturers
commented that copper is still used for
the primary conductor in many
distribution transformers, they noted

26 A and B factors correspond to loss valuation
and are used by DOE to generate distribution
transformers with a broad range of performance and
design characteristics.

that aluminum has become relatively
more common. This is due to the
relative prices of copper and aluminum.
In recent years, copper has become even
more expensive compared to aluminum.

DOE also noted that certain design
lines were lacking a design to bridge the
efficiency values between the lowest
efficiency amorphous designs and the
next highest efficiency designs. In an
effort to close that gap for the
preliminary analysis, DOE evaluated
ZDMH and M2 core steel as the highest
efficiency designs below amorphous for
the liquid-immersed design lines.
Similarly, DOE evaluated H-0 DR and
M3 core steel as the highest efficiency
designs below amorphous for dry-type
design lines.

The joint comments submitted by
NPCC and NEEA as well as those
submitted by ASAP, ACEEE, and NRDC
indicated that DOE should include these
supplementary designs in the reference
case analysis for the NOPR. (NPCC/
NEEA, No. 11 at pp. 5-6; ASAP/ACEEE/
NRDC, No. 28 at p. 3) NPCC and NEEA
added that DOE should consider all
potential design options in its analyses
to ensure that all the cost-effective
means of reaching higher efficiencies
have been considered. (NPCC/NEEA,
No. 11 at p. 4) For example, several
stakeholders recommended that DOE
examine wound core designs for its
analysis of dry-type distribution
transformers. (NPCC/NEEA, No. 11 at
PpP- 2, 4-5; EMS, Pub. Mtg. Tr., No. 34
at p. 86; PG&E, Pub. Mtg. Tr., No. 34 at
p.- 87; ASAP, Pub. Mtg. Tr., No. 34 at p.
88) Joint comments from ASAP, ACEEE,
and NRDC and PG&E and SCE noted
that DOE should consider wound core
designs for its low-voltage dry-type
design lines, where high sales volume
could better justify the additional
equipment and tooling costs of
switching to wound core production.
(ASAP/ACEEE/NRDC, No. 28 at p. 3;
PG&E/SCE, No. 32 at p. 1; PG&E, Pub.

Mtg. Tr., No. 34 at p. 261) Lastly,
HVOLT noted that wound cores in kVA
sizes beyond 300 kVA will tend to buzz,
but Hex Tec clarified that the wound
cores used in symmetric core designs
above 300 kVA do not induce any
additional audible sound. (HVOLT, Pub.
Mtg. Tr., No. 34 at p. 51; Hex Tec, Pub.
Mtg. Tr., No. 34 at p. 51)

DOE clarifies that although it was not
done so in the preliminary analysis,
DOE has incorporated its supplementary
designs into the reference case for the
NOPR analysis. Additionally, DOE aims
to consider the most popular design
option combinations, and the design
option combinations that yield the
greatest improvements in efficiency.
While DOE is unable to consider all
potential design option combinations, it
does consider multiple designs for each
representative unit and has considered
additional design options in its NOPR
analysis based on stakeholder
comments.

As for wound core designs, DOE did
consider analyzing them for all of its
dry-type representative units that are
300 kVA or less in the NOPR. However,
based on limited availability in the
United States, DOE did not believe that
it was feasible to include these designs
in their final engineering results. For
similar availability reasons, DOE chose
to exclude its wound core ZDMH and
M3 designs from its low-voltage dry-
type analysis. Based on how uncommon
these designs are in the current market,
DOE believes that it would be
unrealistic to include them in
engineering curves without major
adjustments.

DOE did not consider wound core
designs for DLs 10, 12, and 13B because
they are 1500 kVA and larger. DOE
understands that conventional wound
core designs in these large kVA ratings
will emit an audible “buzzing” noise,
and will experience an efficiency
penalty that grows with kVA rating such
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that stacked core is more attractive. DOE
notes, however, that it does consider a
wound core amorphous design in each
of the dry-type design lines.

DOE also received interested party
feedback indicating that DOE should
consider step-lap miter designs for its
dry-type design lines. (NPCC/NEEA, No.
11 at p. 4; Metglas, Pub. Mtg. Tr., No.

34 at p. 91) In the preliminary analysis,
DOE had only analyzed fully-mitered
designs for the dry-type design lines,
but stakeholders noted that step-lap
miter designs could potentially yield
greater efficiencies than the fully-
mitered designs. However, during the
negotiations process, interested parties
clarified that step-lap mitering may not
be cost-effective in the smaller dry-type
designs because the smaller average
steel piece size gives rise to a larger
destruction factor, and larger losses,
than would be predicted by modeling.
(ONYZX, Pub. Mtg. Tr., No. 30 at p. 43)
Stakeholders agreed that it would not be
appropriate to consider step-lap
mitering for design line 6, a 25 kVA
unit, to reflect its scarcity or absence
from the market. Therefore, in the NOPR
DOE analyzed step-lap miter designs for
each of the dry-type design lines except
design line 6.

In the preliminary analysis, DOE
considered several premium grade core
steels. It examined HO-DR, ZDMH, and
SA1 amorphous core steels in its
designs, as well as the standard M-grade
steels. DOE requested comment on
whether there were other premium
grade core steels that should be
considered in the analysis. ABB
commented that ZDMH, HO-DR, and
SA1 amorphous steels cover all the high
performance core steel grades that are
currently commercially available. (ABB,
No. 14 at p. 13) Therefore, DOE
continued to analyze them for the NOPR
and did not consider any additional
premium core steels.

DOE did opt to add two design option
combinations that incorporate M-grade
steels that have become popular choices
at the current standard levels. For all
medium-voltage, dry-type design lines
(9-13B), DOE added a design option
combination of an M4 step-lap mitered
core with aluminum primary and
secondary windings. For design line 8,
DOE added a design option combination
of an M6 fully mitered core with
aluminum primary and secondary
windings. DOE understands both
combinations to be prevalent baseline
options in the present transformer
market.

For the NOPR analysis, DOE also
made the decision to remove certain
high flux density designs from DL7 in
order to be consistent with designs

submitted by manufacturers.2” There is
a variety of reasons that manufacturers
would choose to limit flux density (e.g.,
vibration, noise). Further detail on this
change can be found in chapter 5 of the
TSD.

4. A and B Loss Value Inputs

As discussed, one of the primary
inputs to the OPS software is an A and
B combination for customer loss
evaluation. In the preliminary analysis,
DOE generated each transformer design
in the engineering analysis based upon
an optimized lowest total owning cost
evaluation for a given combination of A
and B values. Again, the A and B values
represent the present value of future
core and coil losses, respectively and
DOE generated designs for over 500
different A and B value combinations
for each of the design option
combinations considered in the
analysis.

In response to the preliminary
analysis, Berman Economics
commented that designing a transformer
to total owning cost based on A and B
factors will result in a higher first cost
transformer than a design that aims to
minimize first cost for a given efficiency
level. (BE, No. 16 at p. 6) Additionally,
Berman Economics noted that many
utilities and customers do not specify an
A and B value when ordering
transformers, and will just ask for the
lowest first cost design. (BE, Pub. Mtg.
Tr., No. 34 at p. 123)

DOE notes that the designs created in
the engineering analysis span a range of
costs and efficiencies for each design
option combination considered in the
analysis. This range of costs and
efficiencies is determined by the range
of A and B factors used to generate the
designs. Although DOE does not
generate a design for every possible A
and B combination, because there are
infinite variations, DOE believes that its
500-plus combinations have created a
sufficiently broad design space. By
using so many A and B factors, DOE is
confident that it produces the lowest
first cost design for a given efficiency
level and also the lowest total owning
cost design. Furthermore, although all
distribution transformer customers do
not purchase based on total owning
cost, the A and B combination is still a
useful tool that allows DOE to generate
a large number of designs across a broad
range of efficiencies and costs for a
particular design line. Finally, OPS
noted at the public meeting that its

27 During the negotiations process, DOE’s
subcontractor, Navigant Consulting, Inc. (Navigant),
participated in a bidirectional exchange of
engineering data in an effort to validate the OPS
designs generated for the engineering analysis.

design software requires A and B values
as inputs. (OPS, Pub. Mtg. Tr., No. 34

at p. 123) For all of these reasons, DOE
continued to use A and B factors in the
NOPR to generate the range of designs
for the engineering analysis.

5. Materials Prices

In distribution transformers, the
primary materials costs come from
electrical steel used for the core and the
aluminum or copper conductor used for
the primary and secondary winding. As
these are commodities whose prices
frequently fluctuate throughout a year
and over time, DOE attempted to
account for these fluctuations by
examining prices over multiple years.
For the preliminary analysis, DOE
conducted the engineering analysis
analyzing materials price information
over a five-year time period from 2006—
2010, all in constant 2010$. Whereas
DOE used a five-year average price in
the previous rulemaking for distribution
transformers, for the preliminary
analysis in this rulemaking, DOE
selected one year from its five-year time
frame as its reference case, namely 2010.
Additionally, DOE considered high and
low materials price sensitivities from
that same five-year time frame, 2008 and
2006 respectively.

DOE decided to use current (2010)
materials prices in its analysis for the
preliminary analysis because of
feedback from manufacturers during
interviews. Manufacturers noted the
difficulty in choosing a price that
accurately projects future materials
prices due to the recent variability in
these prices. Manufacturers also
commented that the previous five years
had seen steep increases in materials
prices through 2008, after which prices
declined as a result of the global
economic recession. Further detail on
these factors can be found in appendix
3A. Due to the variability in materials
prices over this five-year timeframe,
manufacturers did not believe a five-
year average price would be the best
indicator, and recommended using the
current materials prices.

To estimate its materials prices, DOE
spoke with manufacturers, suppliers,
and industry experts to determine the
prices paid for each raw material used
in a distribution transformer in each of
the five years between 2006 and 2010.
While prices fluctuate during the year
and can vary from manufacturer to
manufacturer depending on a number of
variables, such as the purchase quantity,
DOE attempted to develop an average
materials price for the year based on the
price a medium to large manufacturer
would pay.
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In general, stakeholders agreed with
DOE’s approach for analyzing materials
prices in the preliminary analysis.
Power Partners and EEI agreed with
DOE’s approach of using 2010 materials
prices in the reference case and
examining alternate years’ materials
prices as sensitivities. (PP, Pub. Mtg.
Tr., No. 34 at p. 100; EEL, Pub. Mtg. Tr.,
No. 34 at p. 100) Howard Industries
noted that 2010 prices are reasonable for
the reference case as long as DOE uses
the 2010 prices with any additional
design runs. (HIL, No. 23 at p. 6)
Similarly, ABB agreed with DOE’s
approach to use a single reference year,
such as 2010, for the materials prices,
and noted that materials prices are
reaching an all-time high in 2011. (ABB,
No. 14 at p. 14) Finally, Power Partners
commented that DOE did a reasonable
job grouping the various wire sizes into
ranges. (PP, Pub. Mtg. Tr., No. 34 at
p. 118)

Conversely, Southern Company and
FPT commented that DOE’s approach
for generating reference case materials
prices could be improved. Southern
Company noted that 2010 materials
prices may be lower than future
materials prices once the economy
improves and there is a limited
availability of supplies coupled with
increased demand. (SC, No. 22 at p. 4)
FPT also commented that DOE should
consider whether there will be an
adequate supply of higher grade core
steels at the price points identified in
the analysis, noting that smaller
manufacturers are likely not able to
purchase materials at the same price
points as larger manufacturers and may
have to pay more, especially if there is
an increase in demand resulting from
amended standards. (FPT, No. 27 at

.2)
P With the onset of the negotiations,
DOE was presented with an opportunity
to implement a 2011 materials price
case based on data it had gathered
before and during the negotiation
proceedings. Relative to the 2010 case,
the 2011 prices were lower for all steels,
particularly M2 and lower grade steels.

For the NOPR, DOE continued to use
the 2010 materials prices as a reference
case scenario, but added a second, 2011
price case. DOE presents both cases as
recent examples of how the steel market
fluctuates and uses both to derive
economic results. It also considered
high and low price scenarios based on
the 2008 and 2006 materials prices,
respectively, but adjusted the prices in
each of these years to consider greater
diversity in materials prices. For the
high price scenario, DOE increased the
2008 prices by 25 percent, and for the
low price scenario, DOE decreased the

2006 prices by 25 percent as additional
sensitivity analyses. DOE believes that
these price sensitivities accurately
account for any pricing discrepancies
experienced by smaller or larger
manufacturers, and adequately consider
potential price fluctuations.

NPCC and NEEA jointly commented
that DOE should forecast future
materials prices based on spot
commodities future prices. (NPCC/
NEEA, No. 11 at pp. 6—7) Similarly, FPT
commented that 2010 materials prices
may not be a good indication of future
steel prices, which will likely increase.
(FPT, No. 27 at p. 12) On the other
hand, Berman Economics commented
that the pricing of core steels over the
past few years has declined, even
though standard levels have shifted the
market to higher core steel grades. As a
result, Berman Economics stated that
core steel production could be expected
to expand in light of new energy
conservation standards without any
significant impacts on the materials
prices. (BE, No. 16 at p. 10)

For the engineering analysis, DOE did
not attempt to forecast future materials
prices. DOE continued to use the 2010
materials price in the reference case
scenario, added a 2011 reference
scenario, and also considered high and
low sensitivities to account for any
potential fluctuations in materials
prices. The LCC and NIA consider a
scenario, however, in which transformer
prices increase in the future based on
increasing materials prices, among other
variables. Further detail on this scenario
can be found in chapter 8 of the TSD.

Several stakeholders commented that
the average materials prices DOE
calculated for the 2006—2010 timeframe,
particularly for year 2010, were not
accurate. NEMA recommended that
DOE gather additional information from
manufacturers on this topic. (NEMA,
No. 13 at p. 6) FPT commented that
DOE’s price of $2.38 per pound for
amorphous steel appeared to be low,
and questioned whether the price had
been verified with suppliers of
amorphous material. Joint comments
submitted by ASAP, ACEEE, and NRDC
stated that DOE’s materials prices were
too high compared to market prices in
2010. (ASAP/ACEEE/NRDC, No. 28 at p.
2) HVOLT commented that DOE’s prices
for copper and aluminum were
understated, noting that current copper
prices are around $6.50. (HVOLT, No.
33 at p. 1; HVOLT, Pub. Mtg. Tr., No.

34 at p. 117) Power Partners commented
that the prices for aluminum wire were
too high and that prices for copper wire
were too low, suggesting that DOE
derive its conductor prices by adding a
processing cost to the COMEX or

London Metal Exchange (LME) indices.
(PP, Pub. Mtg. Tr., No. 34 at pp. 100,
118; PP, No. 19 at p. 3) To this point,
Hex Tec added that the fabrication cost
varies by wire size. (HEX, Pub. Mtg. Tr.,
No. 34 at p. 118)

For the NOPR, DOE reviewed its
materials prices during interviews with
manufacturers and industry experts and
revised its materials prices for copper
and aluminum conductors. As suggested
by Power Partners, DOE derived these
prices by adding a processing cost
increment to the underlying index price.
DOE determined the current 2011 index
price from the LME and COMEX. These
indices only had current 2011 values
available, so DOE used the producer
price index for copper and aluminum to
convert the 2011 index price into prices
for the time period of 2006—-2010. DOE
then applied a unique processing cost
adder to the index price for each of its
conductor groupings. To derive the
adder price, DOE compared the
difference in the LME index price to the
2011 price paid by manufacturers, and
applied this difference to the index
price in each year. DOE inquired with
many manufacturers, both large and
small, to derive these prices. Further
detail can be found in chapter 5 of the
TSD.

DOE reviewed core steel prices with
manufacturers and industry experts and
found them to be accurate within the
range of prices paid by manufacturers in
2010. However, based on feedback in
negotiations, DOE adjusted steel prices
for M4 grade steels and lower grade
steels.

As for FPT’s concern regarding
prefabricated amorphous cores,
estimated at $2.38 per pound in 2010,
DOE notes that this price was derived
from speaking with several North
American suppliers of prefabricated
amorphous cores, and aligns with
marked-up price estimates for raw
amorphous ribbon. Therefore, so DOE
continued to use this price estimate in
the NOPR for the 2010 price scenario.

6. Markups

DOE derived the manufacturer’s
selling price for each design in the
engineering analysis by considering the
full range of production costs and non-
production costs. The full production
cost is a combination of direct labor,
direct materials, and overhead. The
overhead contributing to full production
cost includes indirect labor, indirect
material, maintenance, depreciation,
taxes, and insurance related to company
assets. Non-production cost includes the
cost of selling, general and
administrative items (market research,
advertising, sales representatives, and
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logistics), research and development
(R&D), interest payments, warranty and
risk provisions, shipping, and profit
factor. Because profit factor is included
in the non-production cost, the sum of
production and non-production costs is
an estimate of the manufacturer’s selling
price. DOE utilized various markups to
arrive at the total cost for each
component of the distribution
transformer. These markups are
outlined in greater detail in chapter 5 of
the TSD.

NPCC and NEEA jointly commented
that DOE should vet the non-production
markup with manufacturers to ensure
that it is accurate. (NPCC/NEEA, No. 11
at p. 6) Berman Economics added that
manufacturers do not price their units
in the same way that DOE did in its
analysis; rather, they look at their costs
and the market and generate a
competitive price accordingly.
Therefore, Berman Economics suggested
that DOE only look at the material and
labor costs and refrain from including
the other markups. (BE, Pub. Mtg. Tr.,
No. 34 at p. 96)

DOE interviewed manufacturers of
distribution transformers and related
products to learn about markups, among
other topics, and observed a number of
very different practices. In absence of a
consensus, DOE attempted to adapt
manufacturer feedback to inform its
current modeling methodology while
acknowledging that it may not reflect
the exact methodology of many
manufacturers. DOE feels that it is
necessary to model markups, however,
since there are costs other than material
and labor that affect final manufacturer
selling price. The following sections
describe various facets of DOE’s
markups for distribution transformers.

a. Factory Overhead

DOE uses a factory overhead markup
to account for all indirect costs
associated with production, indirect
materials and energy use (e.g., annealing
furnaces), taxes, and insurance. In the
preliminary analysis, DOE derived the
cost for factory overhead by applying a
12.5 percent markup to direct material
production costs.

Several stakeholders commented that
factory overhead is more commonly
estimated as a markup on labor costs,
not material costs. (NPCC/NEEA, No. 11
at pp. 2, 6; ASAP/ACEEE/NRDC, No. 28
at p. 2; PP, Pub. Mtg. Tr., No. 34 at p.
102; HEX, Pub. Mtg. Tr., No. 34 at p.
103) ABB commented that factory
overhead should not be tied to direct
material costs, but rather to the design
option being produced and the volume
being produced, using a fixed quantity

for factory overhead based on the design
option. (ABB, No. 14 at pp. 14-15)

DOE appreciates the comments and
considered other approaches for
calculating factory overhead for the
NOPR. However, DOE was unable to
determine an alternate methodology that
could accurately estimate factory
overhead costs. In the absence of further
information for how to calculate factory
overhead based on labor costs or design
options, DOE continued to use its
approach based on the material
production costs. DOE notes that factory
overhead costs are not applied to the
material production cost component,
but are simply estimated based on the
production costs.

In the preliminary analysis, DOE
applied the same factory overhead
markup to its prefabricated amorphous
cores as it did to its other design options
where the manufacturer was assumed to
produce the core. Since the factory
overhead markup accounts for indirect
production costs that are not easily tied
to a particular design, it was applied
consistently across all design types.
DOE did not find that there was
sufficient substantiation to conclude
that manufacturers would apply a
reduced overhead markup for a design
with a prefabricated core.

Hammond Power Systems and
Howard Industries agreed with DOE’s
decision to apply the same factory
overhead to prefabricated amorphous
cores. (HPS, No. 3 at p. 4; HI, No. 23 at
p- 6) On the other hand, NPCC and
NEEA jointly commented that factory
overhead should not be applied to
prefabricated cores because the markup
would already be included in the selling
price of the prefabricated core. (NPCC/
NEEA, No. 11 at p. 7) ABB, however,
noted that even though manufacturers
may outsource various components of
the transformer manufacturing, such as
enclosures, cores, or coils, DOE should
assume a vertical manufacturing process
in which the manufacturer produces all
components in-house. (ABB, No. 14 at
pp- 14-15) NEMA commented that DOE
should gather additional data from
individual manufacturers on the topic of
factory overhead. (NEMA, No. 13 at

. 6)
P For the NOPR analysis, DOE
continued to apply the same factory
overhead markup to prefabricated
amorphous cores as to other cores built
in-house. This approach is consistent
with the suggestion of the
manufacturers, and DOE notes that
factory overhead for a given design
applies to many items aside from the
core production. Furthermore, since
DOE already accounts for decreased
labor hours in its designs using

prefabricated amorphous cores, but also
considers an increased core price based
on a prefabricated core rather than the
raw amorphous material, it already
accounts for the tradeoffs associated
with developing the core in-house
versus outsourced.

During negotiations, DOE learned
from both manufacturers of transformers
and manufacturers of transformer cores
that mitering and, to a greater extent,
step-lap mitering, result in a per-pound
cost of finished cores higher than butt-
lapped units built to the same
specifications. (ONYX, Pub. Mtg. Tr.,
No. 30 at p. 43) This helps to account
for the fact that butt-lapping is common
at baseline efficiencies in today’s low-
voltage market.

In response, DOE opted to increase
mitering costs for both low- and
medium-voltage dry-type designs. In the
medium-voltage case, DOE incorporated
a processing cost of 10 cents per core
pound for step-lap mitering. In the low-
voltage case, DOE incorporated a
processing cost of 10 cents per core
pound for ordinary mitering and 20
cents per core pound for step-lap
mitering. DOE used different per pound
adders for step-lap mitering for
medium-voltage and low-voltage units
because the base case design option for
each is different. For low-voltage units,
DOE modeled butt-lapped designs at the
baseline efficiency level whereas
ordinary mitering was modeled at the
baseline for medium-voltage. Therefore,
using a step-lap mitered core represents
a more significant change in technology
for low-voltage dry-type transformers
and thus the higher markup.

b. Labor Costs

In the preliminary analysis, DOE
accounted for additional labor and
material costs for large (21500 kVA),
dry-type designs using amorphous
metal. The additional labor costs
accounted for special handling
considerations, since the amorphous
material is very thin and can be difficult
to work with in such a large core. They
also accounted for extra bracing that is
necessary for large, wound core, dry-
type designs in order to prevent short
circuit problems.

NPCC, NEEA, and NEMA commented
that DOE should consult individual
manufacturers to gather information
about the additional costs DOE
associates with large amorphous
designs. (NPCC/NEEA, No. 11 at p. 6;
NEMA, No. 13 at p. 6) NPCC and NEEA
added that DOE should consider a range
of assumed incremental costs starting at
zero when analyzing amorphous core
designs. (NPCC/NEEA, No. 11 at p. 7)
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Several manufacturers also
commented on the issue of additional
costs for large amorphous designs.
Howard Industries commented that
these designs face similar cost increases
as those that DOE identified for large
dry-type designs using an amorphous
core. It noted that typically these liquid-
immersed designs require an additional
10 hours of handling, added cost for the
epoxy and catalyst used in sealing the
amorphous cores, and additional
bracing depending on the weight of the
core/coil assembly. Howard Industries
estimated this cost as an extra $100 to
$200 for additional materials and
hardware. (HI, No. 23 at p. 6)

ABB commented that if DOE accounts
for additional labor and material costs
for large amorphous designs, then it
should apply the same logic to all
design options, and also noted that large
liquid-immersed amorphous designs
would have the same costs as the dry-
type designs. ABB noted that large
wound cores would have more labor
and hardware compared to small wound
cores, and that stacked cores will have
more labor than wound cores. Finally,
ABB noted that stacked M2 would
require more labor than stacked M6
steel. (ABB, No. 14 at p. 15) Power
Partners commented that DOE needed to
add in additional assembly time for
liquid-immersed transformers using
amorphous cores. (PP, Pub. Mtg. Tr., No.
34 at p. 102) Finally, Hex Tec noted that
certain core construction methods (e.g.,
symmetric core designs) make the
handling of amorphous material much
easier, which can eliminate the need for
extra handling. (HEX, Pub. Mtg. Tr., No.
34 at p. 103)

During negotiations, Federal Pacific
commented that it believed DOE was
underestimating labor hours for core
assembly for all low- and medium-
voltage dry-type design lines.

In response to interested party
feedback, DOE applied an incremental
increase in core assembly time to
amorphous designs in the liquid-
immersed design line 5 (1500 kVA).
This additional core assembly time of 10
hours is consistent with DOE’s
treatment of amorphous designs in
large, dry-type design lines. However,
DOE did not account for additional
hardware costs for bracing in the liquid-
immersed designs using amorphous
cores. This is because DOE already
accounts for bracing costs for all of its
liquid-immersed designs, which use
wound cores, in its analysis. DOE
determined that it adequately accounted
for these bracing costs in the smaller
kVA sizes using amorphous designs,
and thus only made the change to the
large (21500 kVA) design lines. DOE did

not model varying incremental cost
increases starting with zero for large
amorphous designs, as NEEA and NPCC
suggested, noting that the impact of
these incremental costs are oftentimes
very minor for large, expensive
transformer designs. In response to
Federal Pacific’s comment and data
from other manufacturers of medium-
and low-voltage transformers, DOE
explored its estimates of labor hours and
increased those relating to core
assembly for design lines 6—13B. Details
on the specific values of the adjustments
can be found in chapter 5 of the TSD.

Finally, in response to ABB’s
comment that DOE should apply
different labor and material costs to
each design option in the analysis, DOE
notes that it already does account for
costs differently based on the design
options used. Labor requirements are,
for example, determined in part based
on the grade of core steel, the core
weight, and the number of turns in the
winding. Similarly, material costs are
determined specific to each material
input based on each design’s
specifications.

c. Shipping Costs

During its interviews with
manufacturers in the preliminary
analysis, DOE was informed that
manufacturers often pay shipping
(freight) costs to the customer.
Manufacturers indicated that they
absorb the cost of shipping the units to
the customer and that they include
these costs in their total cost structure
when calculating profit markups. As
such, manufacturers apply a profit
markup to their shipping costs just like
any other cost of their production
process. Manufacturers indicated that
these costs typically amount to
anywhere from four to eight percent of
revenue.

In the previous rulemaking for
distribution transformers, DOE
accounted for shipping costs exclusively
in the LCC analysis. These costs were
paid by the customer, and thus did not
include a markup from the
manufacturer based on its profit factor.
In the preliminary analysis, DOE
included shipping costs in the
manufacturer’s cost structure, which is
then marked up by a profit factor. These
shipping costs account for delivering
the units to the customer, who may then
bear additional shipping costs to deliver
the units to the final end-use location.
As such, DOE accounts for the first leg
of shipping costs in the engineering
analysis and then any subsequent
shipping costs in the LCC analysis. The
shipping cost was estimated to be $0.22
per pound of the transformer’s total

weight and typically amounts to four to
eight percent of the total MSP. DOE
derived the $0.22 per pound by relying
on the shipping costs developed in its
previous rulemaking on distribution
transformers, when DOE collected a
sample of shipping quotations for
transporting transformers. In that
rulemaking, DOE estimated shipping
costs as $0.20 per pound based on an
average shipping distance of 1,000
miles. For the preliminary analysis,
DOE updated the cost to $0.22 per
pound based on the price index for
freight shipping between 2007 and
2010. Additional detail on these
shipping costs can be found in chapter
5 and chapter 8 of the TSD.

DOE received several comments about
the methodology for deriving shipping
costs. NEMA commented that DOE
should gather additional information
from manufacturers. (NEMA, No. 13 at
p. 6) Federal Pacific commented that
weight increases as transformers become
more efficient, and noted that shipping
costs would thus increase if standards
were amended. (FPT, No. 27 at pp. 4—
5) Several stakeholders commented that
DOE should consider the cost of fuel in
its shipping cost calculation,
particularly since it has increased in
recent years. (NRECA/T&DEC, No. 31
and 36 at p. 3; EEI, Pub. Mtg. Tr., No.

34 at p. 95; EEI, No. 29 at p. 5) NPCC
and NEEA jointly commented that
shipping costs will increase with time
as diesel fuel prices rise. (NPCC/NEEA,
No. 11 at p. 7)

For the NOPR, DOE revised its
shipping cost estimate to account for the
rising cost of diesel fuel. DOE adjusted
its previous shipping cost of $0.20 (in
2006 dollars) from the previous
rulemaking to a 2011 cost based on the
producer price index for No. 2 diesel
fuel. This yielded a shipping cost of
$0.28 per pound. DOE also retained its
shipping cost calculation based on the
weight of the transformer to differentiate
the shipping costs between lighter and
heavier, typically more efficient,
designs.

In the preliminary analysis, DOE
applied a non-production markup to all
cost components, including shipping
costs, to derive the MSP. DOE based this
cost treatment on the assumption that
manufacturers would mark up the
shipping costs when calculating their
final selling price. The resulting
shipping costs were, as stated,
approximately four to eight percent of
total MSP.

During the public meeting, ASAP
asked if DOE had found market data that
indicated that shipping costs should be
included in the sale price. (ASAP, Pub.
Mtg. Tr., No. 34 at p. 102) HPS
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commented that DOE’s assumption that
shipping costs are typically four to eight
percent of MSP is accurate, but noted
that it does not typically mark up
shipping costs. (HPS, No. 3 at p. 5) ABB
commented that shipping costs are
recognized as an expense to
manufacturers, but that they do not
impact the profit markup of the
manufacturer because transformers must
be priced based on the market. Rather,
shipping costs reduce the profit of the
sale. Additionally, ABB noted that
shipping costs are typically only two to
four percent of total transformer costs.
(ABB, No. 14 at p. 15) Similarly, Federal
Pacific commented that manufacturers
bear the cost of shipping, but they do
not mark up the shipping cost in their
profit markup or other markups. (FPT,
No. 27 at p. 17) Conversely, Howard
Industries agreed with DOE’s approach
in which markups were applied to the
cost of shipping. Howard Industries
added that it agreed that shipping costs
are typically four to eight percent of
revenues. (HI, No. 23 at p. 6)

Based on the comments received and
DOE’s additional research into the
treatment of shipping costs through
manufacturer interviews, DOE has
preliminarily decided to retain the
shipping costs in its calculation of MSP,
but not to apply any markups to the
shipping cost component. Therefore,
shipping costs were added separately
into the MSP calculation, but not
included in the cost basis for the non-
production markup. The resulting
shipping costs were still in line with the
estimate of four to eight percent of MSP
for all the dry-type design lines. For the
liquid-immersed design lines, the
shipping costs ranged from six to twelve
percent of MSP and averaged about nine
percent of MSP.

7. Baseline Efficiency and Efficiency
Levels

DOE analyzed designs over a range of
efficiency values for each representative
unit. Within the efficiency range, DOE
developed designs that approximate a
continuous function of efficiency.
However, DOE only analyzes
incremental impacts of increased
efficiency by comparing discrete
efficiency benchmarks to a baseline
efficiency level. The baseline efficiency
level evaluated for each representative
unit is the existing energy conservation
standard level of efficiency for
distribution transformers established
either in DOE’s previous rulemaking or
by EPACT 2005. The incrementally
higher efficiency benchmarks are
referred to as “efficiency levels” (ELs)
and, along with MSP values,
characterize the cost-efficiency

relationship above the baseline. These
ELs are ultimately used by DOE if it
decides to amend the existing energy
conservation standards.

For the NOPR, DOE considered
several criteria when setting ELs. First,
DOE harmonized the efficiency values
across single-phase transformers and the
per-phase kVA equivalent three-phase
transformers. For example, a 50 kVA
single-phase transformer would have
the same efficiency requirement as a 150
kVA three-phase transformer. This
approach is consistent with DOE’s
methodology from the previous
rulemaking and from the preliminary
analysis of this rulemaking. Therefore,
DOE selected equivalent ELs for several
of the representative units that have
equivalent per-phase kVA ratings.

Second, DOE selected equally spaced
ELs by dividing the entire efficiency
range into five to seven evenly spaced
increments. The number of increments
depended on the size of the efficiency
range. This allowed DOE to examine
impacts based on an appropriate
resolution of efficiency for each
representative unit.

Finally, DOE adjusted the position of
some of the equally spaced ELs and
examined additional ELs. These minor
adjustments to the equally spaced ELs
allowed DOE to consider important
efficiency values based on the results of
the software designs. For example, DOE
adjusted some ELs slightly up or down
in efficiency to consider the maximum
efficiency potential of non-amorphous
design options. Other ELs were added to
consider important benchmark
efficiencies, such as the NEMA
Premium efficiency levels for LVDT
distribution transformers. Last, DOE
considered additional ELs to
characterize the maximum-
technologically feasible design for
representative units where the
harmonized per-phase efficiency value
would have been unachievable for one
of the representative units.

EEI requested that DOE provide
summary tables of the ELs and the
proposed TSLs to highlight any
differences between the two. (EEI, Pub.
Mtg. Tr., No. 34 at p. 125) Furthermore,
EEI pointed out that CSL 0 is TSL 3 or
4 from the last rulemaking and is more
efficient than a 2005 or 2007 unit. (EEI,
Pub. Mtg. Tr., No. 34 at p. 113)

NEMA recommended that the TSLs
from the previous rulemaking be
visually overlaid with the ELs from this
rulemaking to allow easier comparisons
between the recent standards and the
current rulemaking. (NEMA, No. 13 at
pp. 6-7)

Schneider Electric commented that it
would like to see the label “CSL 0”

removed from the analysis and instead
replaced with exactly what those levels
were and where it was mandated, i.e., in
EISA 2007. (SE., Pub. Mtg. Tr., No. 34

at p. 119)

DOE has found that multiple sets of
efficiency levels and candidate standard
levels have confused stakeholders in the
past, and prefers to limit this
document’s discussion to those ELs at
hand. EEI is correct to point out that the
previous rule’s standard is the current
rule’s baseline. DOE is statutorily
prohibited from decreasing efficiency
standards, and so any discussion of
future standards necessarily begins with
what is in effect at the time.

Berman Economics noted that high-
cost designs that are above the
minimum first cost amount for a given
EL should not be considered in DOE’s
analysis because they do not represent
the cost required to comply with the
standard. It felt that, by including these
designs, DOE artificially increases the
cost estimate from the Monte Carlo
analysis. (BE, No. 16 at pp. 6-7)

Although DOE’s current test
procedure specifies a load value at
which to test transformers, DOE
recognizes that different consumers see
real-world loadings that may be higher
or lower. In those cases, consumers may
choose a transformer offering a lower
LCC even when faced with a higher first
cost. If DOE’s cost/efficiency design
cloud were redrawn to reflect loadings
other than those specified in the test
procedure, different designs would
migrate to the optimum frontier of the
cloud. Additionally, although DOE’s
engineering analysis reflects a range of
transformers costs for a given EL, the
LCC analysis only selects transformer
designs near the lowest cost point.

8. Scaling Methodology

For the preliminary analysis, DOE
performed a detailed analysis on each
representative unit and then
extrapolated the results of its analysis
from the unit studied to the other kVA
ratings within that same engineering
design line. DOE performed this
extrapolation to develop inputs to the
national impacts analysis. The
technique it used to extrapolate the
findings of the representative unit to the
other kVA ratings within a design line
is referred to as ‘“‘the 0.75 scaling rule.”
This rule states that, for similarly
designed transformers, costs of
construction and losses scale with the
ratio of their kVA ratings raised to the
0.75 power. The relationship is valid
where the optimum efficiency loading
points of the two transformers being
scaled are the same. DOE used the same
methodology to scale its findings during
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the previous rulemaking on distribution
transformers.

In response to the preliminary
analysis, DOE received multiple
comments regarding the 0.75 scaling
rule. HVOLT expressed its support for
the use of the 0.75 scaling rule.
(HVOLT, Pub. Mtg. Tr., No. 34 at p. 139)
Several other stakeholders stated that
they believed the 0.75 scaling rule is
accurate over small kVA ranges, but can
break down near the limits of the
scaling range. (HPS, No. 3 at p.4; NPCC/
NEEA, No. 11 at pp. 7-8; NEMA, No. 13
at pp. 4, 6; SE., No. 18 at p.7; HI, No.

23 at p. 7; FPT, Pub. Mtg. Tr., No. 34

at p. 137) NPCC, NEEA and NEMA
recommended that DOE consider
analyzing additional design lines and
representative units to maintain the
integrity of the scaling. (NPCC/NEEA,
No. 11 at pp. 7-8; NEMA, No. 13 at pp.
4-6) FPT also suggested introducing
additional designs to the analysis,
noting that it has found it difficult to
meet the efficiency levels on the lower-
end kVAs for the dry-types. (FPT, Pub.
Mtg. Tr., No. 34 at p. 136) Schneider
Electric recommended that DOE expand
its kVA ranges within the design lines
and overlay the design lines to allow for
multiple evaluation points within the
scaling rule. (SE., No. 18 at p. 7) Howard
Industries believed that DOE should
adjust the 0.75 scaling factor to account
for more efficient and costlier materials
needed to stay within the size and
weight constraints of customers’
demands. (HI, No. 23 at p. 7)

EEI commented that the 0.75 scaling
rule may not be accurate for scaling
outside a single standard deviation of
kVA size. EEI recommended that DOE
work with manufacturers to create new
formulas for scaling beyond a single
standard deviation. (EEI, No. 29 at p. 6)
Warner Power stated that the 0.75
scaling rule is less accurate for higher
scaling ratios where transformer designs
change significantly, but felt that the
rule was accurate for scaling where the
ratio of kVAs was between 0.8 and 1.2.
(WP, No. 30 at pp. 7, 11)

ABB noted that the 0.75 scaling rule
is accurate within about a half order of
magnitude when all other parameters
are constant. ABB also stated that in
their experience the 0.75 coefficient
increases as the kVA decreases and
approaches 1.0 as an upper limit. ABB
added that the same is true as the BIL
increases. (ABB, No. 14 at pp. 10, 13)
Hammond agreed that the 0.75 scaling
rule can be problematic for smaller
kVAs of higher voltage and BIL ratings.
(HPS, No. 3 at p. 4) Metglas explained
that the scaling rule assumes one has
the same percentage insulation in the
cross-section of the conductor in the

transformers while, in reality, as the
transformers get smaller, more
insulation is needed to maintain the
same BIL. FPT believed that the 0.75
scaling rule was less accurate for lower
kVA ratings (below 500 kVA), in part
because small kVA sizes require very
small wires that are dramatically more
expensive than larger wires in larger
kVA sizes. FPT also claimed that
current standards are more difficult to
meet at the lower kVA sizes. (FPT, No.
27 at pp. 14-17)

PP expressed frustration that the
design work involved extrapolating
from a 500 kVA model to a 833 kVA
model and believed that the
extrapolations did not hold true. (PP,
Pub. Mtg. Tr., No. 34 at p. 135)

Because it is not practical to directly
analyze every combination of design
options and kVAs under the
rulemaking’s scope of coverage, DOE
selected a smaller number of units it
believed to be representative of the
larger scope. Many of the current design
lines use representative units retained
from the 2007 rulemaking with minor
modifications. To generate efficiency
values for kVA values not directly
analyzed, DOE employed a scaling
methodology based on physical
principles (overviewed in Appendix 5B)
and widely used by industry in various
forms. DOE’s scaling methodology is an
approximation and, as with any
approximation, can suffer in accuracy as
it is extended further from its reference
value.

Several of the comments on this topic
suggest that DOE could improve the
accuracy of its scaling by limiting the
range over which it is applied. To that
end, DOE has added a design line (13A
to address the case of high BIL, small
kVA medium-voltage dry-type units
while redesignating the former 13
“13B”’.) DOE will seek to corroborate
scaling results with direct analysis in
other areas that fall outside of the
scaling ranges put forth by commenters
for the final rule.

Additionally, DOE modified the way
it splices extrapolations from each
representative unit to cover equipment
classes at large. Previously, DOE
extrapolated curves from individual
data points and blended them near the
boundaries to set standards. Currently,
DOE fits a single curve through all
available data points in a space and
believes that the resulting curve will
both be smoother and offer a more
robust scaling behavior over the covered
kVA range.

Finally, although the laws of physics
applied to an ideal transformer yield a
scaling exponent of 0.75, DOE
recognizes that real-world engineering

considerations may produce a behavior
better modeled using a different
exponent. A number of commenters
suggested that the smaller transformers
in particular had difficulty meeting
standards, which seems to imply that
the overall shape of the efficiency curve
should come from a lower overall
exponent. This would tend to project
lower efficiencies at lower kVAs and
higher efficiencies at higher kVAs. DOE
seeks to further understand how kVA
rating and other factors combine to
affect transformer efficiency, and seeks
comment to that end.

Negotiating parties agreed that
deriving results for the “high” and
“low” BIL MVDT equipment classes,
namely, 5,6,9, and 10, was the most
appropriate way to correctly establish
relative standards such that the various
efficiencies were logical with respect to
each other. (ASAP, Pub. Mtg. Tr., No. ##
(docket number unavailable) at p. 175)
Parties agreed that standards should be
set by adding 10 percent in losses to
equipment classes 7 and 8 to derive
standards for equipment classes 9 and
10 and subtracting 10 percent in losses
from classes 7 and 8 to derive standards
for classes 5 and 6. DOE’s own analysis
suggests that this method of scaling is
reasonable and proposes using it to
derive standards as it does it today’s
notice.

Furthermore, several parties noted
that liquid-immersed transformers
experienced smaller, but not
insignificant, performance benefits or
penalties as a function of BIL and noted
that standards for liquid-immersed units
could be tweaked in the same manner
as those from MVDT units. Doing so
would permit capture of increased
energy savings at the more-efficient BILs
while still permitting manufacture of
the higher BIL transformers at
reasonable expense.

DOE requests comment on scaling
across both BIL and kVA ratings as it
applies to both dry-type and liquid-
immersed transformers and on specific
ways for DOE to establish a sound
methodology for deriving BIL
adjustment factors in the liquid-
immersed case. DOE also requests
comment on how standards are best
harmonized across phase counts for all
types of transformers and how standards
for single-phase transformers may be
scaled to produce those of three-phase
transformers and vice-versa.

9. Material Availability

DOE received several comments
expressing concern over the availability
of materials, including core steel and
conductors, needed to build energy
efficient distribution transformers.
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These issues pertain to a global scarcity
of materials as well as issues of
materials access for small
manufacturers.

NPCC, NEEA, Schneider Electric, and
the joint comments from ASAP, ACEEE
and NRDC all indicated that DOE
should revise its selling prices to make
sure they are in line with market prices.
They commented that DOE’s selling
prices were too high compared to the
prices supplied by manufacturers at the
public meeting. (NPCC/NEEA, No. 11 at
p. 2 and pp. 6-7; SE., No. 18 at p. 8;
ASAP/ACEEE/NRDC, No. 28 at pp. 1-2)
The ASAP, ACEEE and NRDC joint
comments further specified that
commenters at the meeting noted that
the price of a small purchase quantity
going through a distributor was still 40—
60% lower than DOE’s price estimates.
They added that, if DOE is unable to
determine how to adjust its cost inputs,
it should apply an adjustment factor to
the final selling price to bring it in line
with current market prices. If DOE
cannot determine prices for LVDT, the
joint commenters recommended that
DOE apply the adjustment factor from
the liquid-immersed analysis to the dry-
type analysis. (ASAP/ACEEE/NRDC,
No. 28 at pp. 1-2)

Conversely, HVolt, Inc. commented
that DOE’s finished transformer prices
are too low and that several
manufacturers have generated selling
prices (using current materials prices
and low markups) that are 2.5—4 times
higher than DOE’s prices at CSL 6.
(HVOLT, No. 33 at p. 1)

Manufacturers often accuse DOE or
over-representing manufacturer selling
prices, while parties interested in
increasing energy efficiency accuse it of
under-representing these prices. DOE is
interested in tailoring its analysis to
align more closely with the market and
believes the best way for parties to
demonstrate falsely high or low prices is
to submit actual purchase or bid records
for designs close to DOE’s representative
units. If needed, such records could be
submitted under the terms of a non-
disclosure agreement. Finally, DOE
notes that it is the incremental, and not
absolute, cost of added efficiency that
dominates the cost-effectiveness
calculations that it performs.
Consequently, errors in the absolute
prices will have a smaller effect on the
rule outcome than errors in the cost of
marginal efficiency. DOE requests
further comment on manufacturer
selling price and any accompanying
data that can help substantiate such
comment.

Southern Company commented that
DOE should consider the limited supply
of amorphous steel when evaluating

amended standard levels. It added that
there is not enough amorphous steel to
meet the demand of the entire
transformer industry, and noted that
prices for amorphous steel could
increase substantially if it was the sole
core material used in distribution
transformer designs. (SC, No. 22 at p. 1)

DOE is aware that many core steels,
including amorphous steels, have
constraints on their supply and presents
an analysis of global steel supply in
Appendix 3-A.

10. Primary Voltage Sensitivities

DOE understands that primary voltage
and the accompanying BIL may
increasingly affect efficiency of liquid-
immersed transformers as standards
rise. DOE may conduct primary voltage
sensitivity analysis in order to better
quantify the effects of BIL and primary
voltage on efficiency, and may use such
information to consider establishing
equipment classes by BIL rating for
liquid-immersed distribution
transformers.

11. Impedance

In the preliminary analysis, DOE only
considered transformer designs with
impedances within the normal
impedance ranges specified in Table 1
and Table 2 of 10 CFR part 431.192.
These impedances represent the typical
range of impedance that is used for a
given liquid-immersed or dry-type
transformer based on its kVA rating and
whether it is single-phase or three-
phase.

Commonwealth Edison (ComEd)
commented that its single-phase
overhead transformer specification only
allows impedances between 5.3 and 6.2
percent for 250, 333, and 500 kVA
transformers. Furthermore, ComEd
commented that manufacturers are
already having difficulty creating
designs with the minimum impedance
requirement of 5.3 percent based on the
current standard level. (ComEd, No. 24
at p. 3) Similarly, Central Moloney
commented that it also has limitations
on the impedance of the transformers,
which get harder to meet at larger sizes.
(Central Moloney, Pub. Mtg. Tr., No. 34
at p. 78)

For the NOPR, DOE continued to
consider designs within the normal
impedance ranges used in the
preliminary analysis. While certain
applications may have specifications
that are more stringent than these
normal impedance ranges, DOE believes
that the majority of applications are able
to tolerate impedances within these
ranges. Since DOE considers a wide
array of designs within the normal
impedance ranges, it adequately

considers the cost considerations of
higher and lower impedance tolerances.

DOE requests comment on impedance
values and on any related parameters
(e.g., inrush current, X/R ratio) that may
be used in evaluation of distribution
transformers. DOE requests particular
comment on how any of those
parameters may be affected by energy
conservation standards of today’s
proposed levels or higher.

12. Size and Weight

In the preliminary analysis, DOE did
not constrain the weight of its designs.
DOE accounted for the full weight of
each design generated by the
optimization software based on its
materials and hardware. Similarly, DOE
let several dimensional measurements
of its designs vary based on the optimal
core/coil dimensions plus space factors.
However, DOE did hold certain tank
and enclosure dimensions constant for
its design lines. Most notably, DOE
fixed the height dimension on all of its
rectangular tank transformers. For each
design that had variable dimensions,
DOE accounted for the additional cost of
installing the unit, where applicable.

Several interested parties expressed
concerns about the size and weight of
the designs used in DOE’s analysis.
Power Partners commented that single-
phase liquid-immersed units above 500
kVA are very difficult to design for the
current standard level when accounting
for the weight and size constraints that
users specify. (PP, Pub. Mtg. Tr., No. 34
at p. 46) Power Partners and Howard
Industries commented that this issue is
particularly a concern for pole-mounted
transformers, and noted that many
customers put large (500 kVA single-
phase) units on poles. (PP, Pub. Mtg.
Tr., No. 34 at p. 75; HI, Pub. Mtg. Tr.,
No. 34 at p. 77) Pepco Holdings, Inc.
(PHI) stated that the largest transformer
that it will hang on a pole is 333 kVA,
but noted that it, too, has concerns
about weight and size. (PHI, Pub. Mtg.
Tr., No. 34 at p. 77)

Many stakeholders noted that size and
weight limitations exist for certain
customer specifications. Power Partners,
Central Moloney (CM), and PHI all
commented that restrictions exist for
size and weight, and stated that DOE
should account for maximum weight
and dimensional limits. (PP, Pub. Mtg.
Tr., No. 34 at p. 73; CM, Pub. Mtg. Tr.,
No. 34 at p. 77; PHI, Pub. Mtg. Tr., No.
34 at p. 74) PHI noted that these
restrictions are especially important for
pole-mount, subway, subsurface, and
network transformers. (PHI, No. 26 and
37 at p. 1) Power Partners commented
that over 80 percent of new transformers
manufactured are for replacement, and
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noted that replacement pole-mount
transformers need to fit into the existing
pole space. As such, Power Partners
suggested a maximum weight of 650
pounds for the representative unit in
DL2 (25 kVA single-phase) and a
maximum weight of 3,600 pounds for
the representative unit in DL3 (500 kVA
single-phase). (PP, No. 19 at p. 3)
Conversely, PG&E commented that the
large transformers in its service area are
typically pad-mounted and noted that
weight is not a big concern. (PG&E, Pub.
Mtg. Tr., No. 34 at p. 74)

For the NOPR engineering analysis,
DOE did not restrict its designs based on
a limit for size or weight beyond the
fixed height measurements it was
already considering for the rectangular
tank sizes. DOE understands that larger
transformers may require additional
installation costs such as a new pole
change-out or vault expansion. To the
extent that it had data on these
additional costs, DOE accounted for
them in its LCC analysis, as described
in section IV.F. However, DOE did not
choose to limit its design specifications
based on a specific size or weight
constraint.

During negotiation meetings, several
parties noted that transformers in
underground vaults could face
staggering cost increases if obligated to
comply with unmodified standards.
(ABB, Pub. Mtg. Tr., No. 89 at p. 245)
The parties proposed to create a
separate equipment class for such units
and began discussing how such a class
might be defined in terms of physical
features and such that it would not
represent a standards loophole. DOE
requests comment on the possibility of
establishing a separate equipment class
for vault transformers and how such a
class could be defined.

Nonetheless, DOE notes that the
majority of its designs are within the
weight constraints suggested by Power
Partners. In design line 2, over 95
percent of DOE’s designs are below 650
pounds. In design line 3, over 62
percent of DOE’s designs are below
3,600 pounds, and when only the
designs with the lowest first cost are
considered, nearly 74 percent of the
designs are less than 3,600 pounds. The
majority of the designs that exceed
3,600 pounds are at the maximum
efficiency levels using an amorphous
core steel.

During negotiations, Federal Pacific
and HVOLT commented that substation-
style designs common to the medium-
voltage, dry-type market are larger than
the designs that DOE had previously
modeled and would exhibit bus and
lead losses reflecting their longer buses

and leads. (HVOLT, Pub. Mtg. Tr., No.
91 at p. 290)

DOE worked with manufacturers to
explore the magnitude of the effect of
longer buses and leads and found it to
be small relative to the gap between
efficiency levels. Nonetheless, DOE
made small upward adjustments to bus
and lead losses of all medium-voltage,
dry-type design lines. Details on the
specific values of the adjustments made
can be found in Chapter 5 of the TSD.

D. Markups Analysis

The markups analysis develops
appropriate markups in the distribution
chain to convert the estimates of
manufacturer selling price derived in
the engineering analysis to customer
prices. In the preliminary analysis, DOE
determined the distribution channels for
distribution transformers, their shares of
the market, and the markups associated
with the main parties in the distribution
chain, distributors, contractors and
electric utilities.

Several stakeholders commented that
DOE’s analysis failed to include the
distribution channel that delivers
liquid-immersed transformers directly
from manufacturers to large utilities.
(NEEA, No. 11 at p. 2, Joint Comments
PG&E and SCE, No. 32 at p. 2, and EMS,
Public Meeting Transcript, No. 34 at p.
145) EMS Consulting commented that
when large utilities purchase directly
from manufacturers, the commission of
the manufacturer’s representative is
included in the price of the transformer
and should not be added in separately.
(EMS, Public Meeting Transcript, No. 34
at p. 145) PG&E and SCE noted that
because utilities often pay much less for
transformers purchased in bulk, the
selling prices DOE presented in the
preliminary analysis are too high. (Joint
Comments PG&E and SCE, No. 32 at p.
2) For the NOPR, DOE added a new
distribution channel to represent the
direct sale of transformers to
independently owned utilities, which
account for approximately 80 percent of
liquid-immersed transformer shipments.
This sales channel removes a distributor
markup, which had included the
commission of the manufacturer’s
representative in the preliminary
analysis. The inclusion of this channel
reduces the overall markup for liquid-
immersed transformers.

EEI stated that a distribution channel
from manufacturers to distributors to
multi-site commercial and/or industrial
customers (i.e., large purchasers) may
represent 10 percent to 25 percent of
dry-type transformer sales. (EEI, No. 29
at p. 6) DOE did not find data that
would allow it to include the channel

mentioned by EEI as a separate
distribution channel.

In the preliminary analysis, DOE
developed average distributor and
contractor markups by examining the
installation and contractor cost
estimates provided by RS Means
Electrical Cost Data 2011. DOE
developed separate markups for
baseline products (baseline markups)
and for the incremental cost of more-
efficient products (incremental
markups). Incremental markups are
coefficients that relate the change in the
installation cost due to the increase
equipment weight of some higher-
efficiency models.

FPT agreed with the distributor
markups that DOE developed for liquid-
immersed transformers. (FPT, No. 27 at
p- 17) HPS agreed that a 15-percent
markup is appropriate for distributor
markup. (HPS, No. 3 at p. 6) ABB and
NEMA, on the other hand,
recommended that DOE consult with a
sample of major distributors to obtain a
better understanding of internal
markups. (ABB, No. 14 at p. 18; NEMA,
No. 13 at p. 8) DOE was not able to
conduct a representative survey of
transformer distributors within the
context of the current rulemaking. Given
the supportive comments from FPT and
HPS, DOE retained the markup used in
the preliminary analysis for the NOPR
for liquid-immersed and low-voltage
dry-type transformers. However, based
on input received from manufacturers
during the negotiated rulemaking
process, DOE revised the distributor and
contractor markups that affect the retail
price for medium-voltage dry-type
transformers to 1.26 and 1.16,
respectively.

HVOLT suggested that DOE’s
estimated contractor labor and materials
markup that affects the installation costs
of 1.43 is too high. (HVOLT, Public
Meeting Transcript, No. 34 at p. 149)
DOE used RS Means Electrical Cost
Data 2010 to estimate a contractor labor
and materials markup of 1.43. This
markup is justified as it includes: (1)
Direct labor required for installation,
including unloading, uncrating, hauling
within 200 feet of the loading dock,
setting in place, connecting to the
distribution network, and testing; and
(2) equipment rentals necessary for
completion of the installation such as a
forklift, and/or hoist.

Chapter 6 of the NOPR TSD provides
additional detail on the markups
analysis.

E. Energy Use Analysis

The energy use and end-use load
characterization analysis (chapter 6)
produced energy use estimates and end-
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use load shapes for distribution
transformers. The energy use estimates
enabled evaluation of energy savings
from the operation of distribution
transformer equipment at various
efficiency levels, while the end-use load
characterization allowed evaluation of
the impact on monthly and peak
demand for electricity from the
operation of transformers.

The energy used by distribution
transformers is characterized by two
types of losses. The first are no-load
losses, which are also known as core
losses. No-load losses are roughly
constant and exist whenever the
transformer is energized (i.e., connected
to live power lines). The second are load
losses, which are also known as
resistance or I2R losses. Load losses vary
with the square of the load being served
by the transformer.

Because the application of
distribution transformers varies
significantly by type of transformer
(liquid-immersed or dry-type) and
ownership (electric utilities own
approximately 95 percent of liquid-
immersed transformers, commercial/
industrial entities use mainly dry-type),
DOE performed two separate end-use
load analyses to evaluate distribution
transformer efficiency. The analysis for
liquid-immersed transformers assumes
that these are owned by utilities and
uses hourly load and price data to
estimate the energy, peak demand, and
cost impacts of improved efficiency. For
dry-type transformers, the analysis
assumes that these are owned by
commercial and industrial customers, so
the energy and cost savings estimates
are based on monthly building-level
demand and energy consumption data
and marginal electricity prices. In both
cases, the energy and cost savings are
estimated for individual transformers
and aggregated to the national level
using weights derived from either utility
or commercial/industrial building data.

For utilities, the cost of serving the
next increment of load varies as a
function of the current load on the
system. To correctly estimate the cost
impacts of improved transformer
efficiency, it is therefore important to
capture the correlation between electric
system loads and operating costs and
between individual transformer loads
and system loads. For this reason, DOE
estimated hourly loads on individual
liquid-immersed transformers using a
statistical model that simulates two
relationships: (1) The relationship
between system load and system
marginal price; and (2) the relationship
between the transformer load and
system load. Both are estimated at a
regional level.

DOE received a number of comments
on its preliminary analysis for liquid-
immersed transformers.

Regarding the price-load correlation
incorporated into the end-use load
characterization, EEI suggested that DOE
obtain data for 2009/2010 to develop a
more complete picture of the savings
associated with reducing core and coil
losses in liquid-filled transformers. (EEL,
No. 29 at p. 6) Because changes to the
functional form of the price-load
correlation are small compared to the
variability in the model, updating the
data will not affect the resulting price-
load correlation. Thus, DOE continued
to use 2008 Federal Energy Regulatory
Commission (FERC) Form714 lambda
data and market prices for the NOPR
analysis.

EEI also suggested that DOE use tariffs
to determine the prices paid for base
load electricity generation, because
reducing the constant core losses will
not save electricity at marginal rates.
(EEIL No. 29 at p. 8) NRECA stated that
most NRECA members make wholesale
purchases at tariff rates that reflect
installed, existing resources, with only a
small increment based on hourly,
market-based purchases. (NRECA, No.
31 and 36 at p. 4) They concluded that
DOE’s approach overemphasized rates
for purchases made on the hourly
market.

The energy savings from more
efficient distribution transformers are a
small decrement to the total energy
consumption. The hourly price reflects
the cost of serving a small, marginal
change in load, and is therefore the
appropriate method to use to estimate
the costs savings associated with energy
savings. This is true for both coil losses
and winding losses, and is independent
of how the transformer owner pays for
the bulk of their power purchases. DOE
produced a detailed comparison of
tariff-based marginal prices and hourly
marginal prices for peaking end-uses as
part of the Commercial Unitary Air
Conditioner & Heat Pump rulemaking.28
This analysis confirmed that, on an
annual average basis, both methods lead
to similar cost estimates.

Regarding hourly load data, NEMA
recommended that DOE consult with
utilities, building owners, and other
end-users to obtain any available field
data. (NEMA, No. 13 at p. 8) DOE
consulted with a variety of industry
contacts but was unable to find any
source of metered hourly load for
transformers. Data submitted by
subcommittee member K. Winder of
Moon Lake Electric during the

28 See http://www1.eere.energy.gov/buildings/

appliance_standards/commercial/ac_hp.html.

negotiations were used to validate the
load models for single-phase liquid-
immersed transformers. For the final
rule, if stakeholders are able to provide,
or assist in providing such data, DOE
will use it to validate and modify the
transformer load models as needed.

Dry-type transformers are primarily
installed on buildings and owned by the
building owner/operator. Commercial
and industrial (C&I) utility customers
are typically billed monthly, with the
bill based on both electricity
consumption and demand. Hence, the
value of improved transformer
efficiency depends on both the load
impacts on the customer’s electricity
consumption and demand and the
customer’s marginal prices.

The customer sample of dry-type
distribution transformer owners was
taken from the EIA Commercial
Buildings Energy Consumption Survey
(CBECS) databases. Survey data for the
years 1992 and 1995 were used, as these
are the only years for which monthly
customer electricity consumption (kWh)
and peak demand (kW) are provided. To
account for changes in the distribution
of building floor space by building type
and size, the weights defined in the
1992 and 1995 building samples were
rescaled to reflect the distribution in the
most recent 2003 CBECS survey. CBECS
covers primarily commercial buildings,
but a significant fraction of transformers
are shipped to industrial building
owners. To account for this in the
sample, data from the 2006
Manufacturing Energy Consumption
Survey (MECS) were used to estimate
the amount of floor space of buildings
that might use the type of transformer
covered by the rulemaking. The weights
assigned to the building sample were
rescaled to reflect this additional floor
space. Only the weights of large
buildings were rescaled.

Regarding DOE’s energy use
characterization, EEI stated that DOE
should use EIA’s 2006 MECS to develop
baseline electricity consumption and
demand for industrial facilities. (EEI,
No. 29 at p. 8) Using CBECS data as a
proxy, they said, may lead to incorrect
analysis on transformers for the
industrial facilities being modeled. (EEI,
No. 29 at p. 8) The MECS survey data
does not contain any building-level
information on energy consumption,
and contains no information whatsoever
on electricity demand. Thus, DOE
retained use of CBECS data for the
NOPR analysis.

Transformer loading is an important
factor in determining which types of
transformer designs will deliver a
specified efficiency, and for calculating
transformer losses. In the preliminary
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analysis, DOE assumed non-residential
load factors of 35 percent, 40 percent,
and 25 percent for medium-voltage
single-phase, medium-voltage three-
phase, and low-voltage transformers
respectively. Several stakeholders
commented on the load factors DOE
used to characterize commercial and
industrial loads. EEI suggested that DOE
use Electric Power Research Institute
(EPRI) and/or utility load factor studies
to develop separate commercial and
industrial load factors to use in its
analysis. (EEL No. 29 at p. 7) suggested
that load factors for large commercial
buildings have been trending upward
because of the increased numbers of
data centers. (HEX, Public Meeting
Transcript, No. 34 at p. 192) EEI
suggested that, based on EPRI data, DOE
use higher load factors (50-55 percent
for commercial buildings and 70-80
percent for industrial buildings). (EEI,
Public Meeting Transcript, No. 34 at p.
168) ABB stated that DOE’s current
assumptions about average load factors
are sufficiently accurate. (ABB, No. 14 at
p. 18) FPT stated commercial and
industrial users tend to load their
transformers to a lower percent of
nameplate than utilities would load
residential liquid-filled transformers
because of the greater risk and impact of
an outage of a transformer in a
commercial or industrial installation.
(FTP, No. 27 at p. 19)

Several subcommittee members
commented that in rural areas the
number of customers per transformer is
likely to be significantly lower than in
urban or suburban areas, which in turn
results in lower RMS loads. (APPA and
NRECA, Public Meeting Transcript, No.
91 at p. 201) To account for this effect,
DOE performed an analysis to determine
an average population density in the
territory served by each of the utilities
represented in the LCC simulation. For
each utility, EIA Form 861 data were
used to generate a list of counties served
by the utility. Census data were used to
determine the average housing unit
density in each county. An average over
counties was then used to assign the
utility to a low density, average density
or high density category, with the cutoff
for low density set at 32 households per
square mile. For those utilities serving
primarily low density areas the median
of the RMS load distribution is reduced
from 35 percent to 25 percent.

For the NOPR, DOE modified its
analysis of dry-type transformer loading
to: (1) model commercial and industrial
building installations separately; and (2)
reflect how transformers are used in the
field. Higher-capacity medium-voltage
transformers are loaded at 40 percent
and smaller capacity transformers

medium-voltage are loaded at 35
percent. Low-voltage transformers are
loaded at 25 percent.

DOE received a number of comments
that apply to both the hourly and
monthly load models.

Regarding load (coil) losses, EEI
suggested that DOE use diversity factors
to account for the fact that significantly
less than 100 percent of load losses are
correlated with peak demands for a
building or distribution system. Using
this method, they said, would prevent
overestimating cost savings. (EEI, No. 29
at p. 8) DOE already employs diversity
factors to account for the fact that load
(coil) losses often do not correlate with
system or building peak loads.

Several stakeholders questioned
whether DOE’s analysis of responsibility
factor accounts for the diversity of loads
that transformers serve. NRECA, for
instance, commented that diversity
among a transformer’s loads must be
considered to set the responsibility
factor for an individual transformer, if
multiple customers are served through a
transformer. (NRECA, No. 31 and 36 at
p. 4) EEI also expressed concern that
DOE’s analysis of responsibility factor
excluded diversity of loads. (EEI, No. 29
at p. 7) CDA recommended that DOE’s
analysis of responsibility factor consider
the effect of load (winding) losses that
likely occur simultaneously with system
peaks. (CDA, No. 17 at p. 3)

The statistical model that DOE uses to
estimate the responsibility factor for
each individual transformer accounts
for the diversity of loads. The
responsibility factor model is applied to
the load (winding) losses. The model
accounts for the effect of diversity of
individual transformer loads with
respect to the peak of the aggregate load
of the system that contains the
transformer. Winding losses are
included in the analysis.

Several stakeholders commented on
DOE’s use of a power factor of 1 in its
end-use load characterization. PG&E
and SCE stated that DOE should
consider a power factor less than unity.
(Joint Comments PG&E and SCE, No. 32
at p. 1) EEI suggested that DOE use a
power factor other than 1 to account for
decreased transformer efficiency from
increased harmonic parasitic loads.
(EEL Public Meeting Transcript, No. 34
at p. 156)

In DOE’s analysis, transformer loss
estimates are calculated relative to the
peak load on the transformer. The ratio
of the peak load on a transformer to the
transformer capacity is modeled by a
distribution. There are two additional
parameters that can affect the overall
scale of transformer loading relative to
its rated capacity. One is the power

factor, and the other is a modeling
parameter that adjusts the ratio of the
RMS load relative to the square of the
transformer peak load. Neither of these
factors is known with great accuracy.
The LCC spreadsheet allows the user to
adjust the power factor. Adjusting the
power factor from one to 0.95 may scale
the energy losses up slightly, but as all
transformer designs are affected equally,
there should be no significant impact on
the selection of designs that meet the
candidate standard level. In the absence
of additional field data on both RMS
loads and power factors in different
transformer installations, DOE does not
believe that these small adjustments can
significantly improve the accuracy of
the LCC calculations.

NEEA commented on the calculation
of load losses, recommending that DOE
use hourly marginal line losses rather
than annual average line losses to adjust
distribution transformer loads to system
generation loads. It stated that using
hourly marginal line losses would more
accurately reflect the value of load
losses. (NEEA, No. 11 at p. 10) DOE
found no data supporting the use of
hourly marginal line losses rather than
average annual line losses in calculating
load losses. Thus, it continued to use
average annual line losses for the NOPR
analysis.

F. Life-Cycle Cost and Payback Period
Analysis

DOE conducts LCC and PBP analyses
to evaluate the economic impacts on
individual customers of potential energy
conservation standards for distribution
transformers. The LCC is the total
customer expense over the life of a
product, consisting of purchase and
installation costs plus operating costs
(expenses for energy use, maintenance
and repair). To compute the operating
costs, DOE discounts future operating
costs to the time of purchase and sums
them over the lifetime of the product.
The PBP is the estimated amount of
time (in years) it takes customers to
recover the increased purchase cost
(including installation) of a more
efficient product through lower
operating costs. DOE calculates the PBP
by dividing the change in purchase cost
(normally higher) due to a more
stringent standard by the change in
average annual operating cost (normally
lower) that results from the standard.

For any given efficiency level, DOE
measures the PBP and the change in
LCC relative to an estimate of the base-
case efficiency levels. The base-case
estimate reflects the market in the
absence of amended energy
conservation standards, including the
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market for products that exceed the
current energy conservation standards.
Equipment price, installation cost,
and baseline and standard affect the
installed cost of the equipment.
Transformer loading, load growth,
power factor, annual energy use and
demand, electricity costs, electricity
price trends, and maintenance costs
affect the operating cost. The
compliance date of the standard, the
discount rate, and the lifetime of
equipment affect the calculation of the
present value of annual operating cost

savings from a proposed standard. Table
IV.1 summarizes all the major inputs to
the LCC and PBP analysis, and whether
those inputs were revised for the
proposed rule.

Commenting on the preliminary
analysis, SC stated that because the
assumptions DOE uses in its LCC and
PBP analyses are not always correct and
not specific to an individual utility or
user, the conclusions are most likely
inaccurate for some utilities. (SC, No. 22
at p. 4) DOE calculated the LCC and PBP
for a representative sample (a

distribution) of individual transformers.
In this manner, DOE’s analysis
explicitly recognized that there is both
variability and uncertainty in its inputs.
DOE used Monte Carlo simulations to
model the distributions of inputs. The
Monte Carlo process statistically
captures input variability and
distribution without testing all possible
input combinations. Some atypical
situations may not be captured in the
analysis, but DOE believes the analysis
captures an adequate range of situations
in which transformers operate.

TABLE IV.1—KEY INPUTS FOR THE LCC AND PBP ANALYSES

Inputs

Preliminary analysis description

Changes for proposed rule

Affecting Installed Costs:
Equipment price

Installation cost

Baseline and standard design selection

Affecting Operating Costs:
Transformer loading

Load growth

Power factor
Annual energy use and demand

Electricity costs

Electricity price trend

Maintenance cost

Compliance date
Discount rates

Lifetime

Derived by multiplying manufacturer selling
price (from the engineering analysis) by dis-
tributor markup and contractor markup plus
sales tax for dry-type transformers. For lig-
uid-immersed transformers, DOE used
manufacturer selling price plus small dis-
tributor markup plus sales tax. Shipping
costs were included for both types of trans-
formers.

Includes a weight-specific component, derived
from RS Means Electrical Cost Data 2010
and a markup to cover installation labor,
pole replacement costs for design line 2
and equipment wear and tear.

The selection of baseline and standard-com-
pliant transformers depended on customer
behavior. For liquid-immersed transformers,
the fraction of purchases evaluated was
75%, while for dry-type transformers, the
fraction of evaluated purchases was 50%
for small capacity medium-voltage and 80%
for large-capacity medium-voltage.

Loading depended on customer and trans-
former characteristics.

0.5% per year for liquid-immersed and 0% per
year for dry-type transformers.

Assumed to be unity

Derived from a statistical hourly load simula-
tion for liquid-immersed transformers, and
estimated from the 1992 and 1995 Com-
mercial Building Energy Consumption Sur-
vey data for dry-type transformers using
factors derived from hourly load data. Load
losses varied as the square of the load and
were equal to rated load losses at 100%
loading.

Derived from tariff-based and hourly based
electricity prices. Capacity costs provided
extra value for reducing losses at peak.

Obtained from Annual Energy Outlook 2010
(AEO2010).

Annual maintenance cost did not vary as a
function of efficiency.

Assumed to be 2016

Mean real discount rates ranged from 4.0%
for owners of pole-mounted, liquid-im-
mersed transformers to 5.1% for dry-type
transformer owners.

Distribution of lifetimes, with mean lifetime for
both liquid and dry-type transformers as-
sumed to be 32 years.

Added a case for liquid-immersed trans-
formers that are sold directly to utilities.

Updated the installation factors to use RS
Means Electrical Cost Data 2011. Improved
the modeling of pole replacements for de-
sign line 2.

Adjusted the percent of evaluators to: 10% for
liquid-immersed transformers, and 2% for
low-voltage dry-type and 2% for medium-
voltage dry-type transformers.

Adjusted loading as a function of transformer
capacity and utility customer density.
No change.

No change.
No change.

No change.

Updated to Annual Energy Outlook 2011
(AEO 2011).

No change.

No change.

The mean real discount rates were adjusted
to 3.7% for owners of liquid-immersed
transformers and 4.6% for dry-type trans-
formers.

No change.
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The following sections contain brief
discussions of comments on the inputs
and key assumptions of DOE’s LCC
analysis and explain how DOE took
these comments into consideration.

1. Modeling Transformer Purchase
Decision

The LCC spreadsheet uses a purchase-
decision model that specifies which of
the hundreds of designs in the
engineering database are likely to be
selected by transformer purchasers to
meet a given efficiency level. The
engineering analysis yielded a cost-
efficiency relationship in the form of
manufacturer selling prices, no-load
losses, and load losses for a wide range
of realistic transformer designs. This set
of data provides the LCC model with a
distribution of transformer design
choices.

DOE used an approach that focuses on
the selection criteria customers are
known to use when purchasing
transformers. Those criteria include first
costs, as well as what is known in the
transformer industry as total owning
cost (TOC). The TOC method combines
first costs with the cost of losses.
Purchasers of distribution transformers,
especially in the utility sector, have long
used the TOC method to determine
which transformers to purchase. DOE
refers to purchasers who use the TOC
method as evaluators.

The utility industry developed TOC
evaluation as an easy-to-use tool to
reflect the unique financial environment
faced by each transformer purchaser. To
express variation in such factors as the
cost of electric energy, and capacity and
financing costs, the utility industry
developed a range of evaluation factors,
called A and B values, to use in their
calculations. A and B are the equivalent
first costs of the no-load and load losses
(in $/watt), respectively.

In the preliminary analysis, DOE
assumed that 75 percent of liquid-
immersed transformers are purchased
using TOC evaluation. DOE assumed
that 25 percent of low-voltage dry-type
transformers are purchased using TOC
evaluation. For medium-voltage dry-
type transformers, DOE assumed that 50
percent of smaller capacity units are
purchased with TOC evaluation and
that 85 percent of larger capacity units
are purchased using TOC evaluation.

Several stakeholders commented on
DOE’s estimate of the share of
purchasers who make purchase
decisions based on TOC. FPT said that
DOE significantly overstated the
percentage of evaluators for dry-type
distribution transformers. They
estimated there are 0 percent to 1
percent evaluators for low-voltage dry-

type, about 10 percent for medium-
voltage dry-type, and about 20 percent
for high-capacity dry-type distribution
transformers. (FPT, No. 27 at p. 4) ABB
agreed that DOE overestimated the
number of evaluators. They estimated
that evaluators represent less than 1
percent for low-voltage dry-type and
small medium-voltage dry-type, and less
than 5 percent for large medium-voltage
dry-type. (ABB, No. 14 at p. 19) Other
stakeholders agreed that DOE’s
estimates of evaluators are too high.
(EEL No. 29 at p. 8; ASAP, Public
Meeting Transcript, No. 34 at p. 197)
NEMA commented that the percent of
evaluators seems high for some product
lines, and recommended that DOE
obtain information from individual
manufacturers and end-users, or
examine shipments data to determine
evaluators. (NEMA, No. 13 at p. 8)
ASAP et al. recommended that the DOE
survey enough users and suppliers to
develop a better estimate of the
percentage of units purchased in 2010
that had significantly higher efficiency
than the minimum standard. (Joint
Comments ASAP, ACEEE and NRDC,
No. 28 at p. 4)

Conducting a representative survey of
users or manufacturers is not possible
within the scope of the present
rulemaking. For the NOPR analysis,
DOE revised the evaluation rates, based
on the available data and stakeholder
comments. DOE revised its evaluation
rates as follows: 10 percent for liquid-
immersed, 2 percent for low-voltage,
and 2 percent for medium-voltage dry-
type transformers. The transformer
selection approach is discussed in detail
in chapter 8 of the NOPR TSD.

FPT stated that only utilities really
evaluate based on A and B factors, so
another method needs to be used to
analyze other types of customers. FPT
recommended that DOE base its analysis
of industrial and commercial customers
on PBP criteria. (FPT, No. 27 at p. 5)
DOE effectively bases its analysis on
PBP; the results are converted to
equivalent A and B factors so that the
same model structure can be used in all
the spreadsheets.

HI stated that fewer customers will
evaluate their purchases when DOE
mandates higher efficiency levels,
which would result in purchase of
transformers with less than optimum
efficiency for their application. (HI, No.
23 at p. 9) DOE acknowledges that
evaluation rates may vary depending on
the standard for a given design line.
Because DOE has no basis for estimating
this phenomenon, however, it used the
same evaluation rates for each of the
considered CSLs.

2. Inputs Affecting Installed Cost
a. Equipment Costs

In the LCC and PBP analysis, the
equipment costs faced by distribution
transformer purchasers are derived from
the MSPs estimated in the engineering
analysis and the overall markups
estimated in the markups analysis.

Several stakeholders recommended
that DOE lower its estimate of
transformer selling prices. Based on its
Internet review of selling prices, Metglas
said the prices DOE generated are too
high. (MET, Public Meeting Transcript,
No. 34 at p. 97) PG&E and SCE
suggested that DOE calibrate its prices
against market data and exclude the cost
of any additional features from the price
estimates. (Joint Comments PG&E and
SCE, No. 32 at p. 2) ASAP, ACEEE and
NRDC agreed that DOE’s estimated
selling prices are too high, and
recommended that DOE adjust its
estimates based on market research, and
then apply an adjustment factor to bring
final transformer selling prices in line
with observed prices. (Joint Comments
ASAP, ACEEE and NRDC, No. 28 at pp.
1-2)

For the NOPR analysis, DOE reviewed
bid documents on the Internet after the
current standards took effect in 2010
and found a wide range of prices. DOE
also received confidential data from
NEEA on utility transformer purchases
that showed a wide range of prices. The
data did not clearly indicate that DOE’s
estimated customer prices are too high.
DOE notes that the inclusion of a new
distribution channel for liquid results in
a lower average markup and thus lower
average customer price for these
products.

EEI stated that DOE should consider
transformer pricing data from 2006
onward, because that period reflects the
increasing global demand for
distribution transformers as well as the
increase in commodity costs for key
transformer components. EEI asserted
that transformer prices have not
declined, but rather increased,
compared to the rate of inflation. (EEI,
No. 29 at pp. 2—4)

To forecast a price trend for the
NOPR, DOE derived an inflation-
adjusted index of the PPI for electric
power and specialty transformer
manufacturing over 1967—2010. These
data show a long-term decline from
1975 to 2003, and then a steep increase
since then. DOE believes that there is
considerable uncertainty as to whether
the recent trend has peaked, and would
be followed by a return to the previous
long-term declining trend, or whether
the recent trend represents the
beginning of a long-term rising trend
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due to global demand for distribution
transformers and rising commodity
costs for key transformer components.
Given the uncertainty, DOE has chosen
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
transformer price forecasts. DOE
developed one forecast in which prices
decline after 2010, and one in which
prices rise. Appendix 10-C of the NOPR
TSD describes the historic data and the
derivation of the default and alternative
price forecasts.

DOE requests comments on the most
appropriate trend to use for real
transformer prices, both in the short run
(to 2016) and the long run (2016-2045).

b. Installation Costs

Higher efficiency distribution
transformers tend to be larger and
heavier than less efficient designs. In
the preliminary analysis, DOE included
the increased cost of installing larger,
heavier transformers as a component of
the first cost of more efficient
transformers. DOE presented the
installation cost model and solicited
comment from stakeholders.

Commenting on the preliminary
analysis, several stakeholders stated that
DOE should revise its assumption that
25 percent of pole-mounted liquid-
immersed transformers greater than
1,000 pounds will require an additional
$2,000 cost for pole change-out. (Joint
Comments PG&E and SCE, No. 32 at p.
2; Joint Comments ASAP, ACEEE and
NRDC, No. 28 at p. 2-3; NEEA, No. 11
at p. 8) The above comments reflect a
misunderstanding of DOE’s preliminary
analysis. The 25 percent referred to in
the comments was the maximum pole
change-out fraction in the algorithm
DOE used to estimate when change-outs
would be required when the weight of
the transformer exceeds 1,000 pounds.

EEI noted that several of its members
expressed concern that more efficient
liquid-immersed transformers would
have much higher weights, which
would increase costs in terms of
installation and pole structural integrity
for retrofits of existing pole-mounted
transformers. (EEI, No. 29 at p. 2) APPA
commented that DOE must adequately
account for the costs of pole
replacements due to larger transformers.
(APPA, No. 21 at p. 2) SC stated that
pole change-outs may be necessary
when transformers are replaced because
larger diameter poles will be needed to
support transformer weight increases,
and that larger diameter poles may be
required with new transformer
installations. (SC, No. 22 at p. 3) ComEd
commented that for pole-mounted

transformers, an increase in transformer
weight may generate an increase in the
required pole class to sustain the load.
(ComEd, No. 24 at p. 1) PP agreed that
additional transformer weight could
make pole-mounting difficult. (PP, No.
19 at p. 1) NRECA and T&DEC stated
that the added cost of replacing utility
poles is especially burdensome for rural
electric cooperatives. (Joint Comments
NRECA and T&DEC, No. 31 and 36 at
pp- 1-2)

Other stakeholders stated that
standards that result in heavier
transformers would not necessarily
require pole change-outs. ASAP et al.
stated that increased weight due to
higher efficiency will not require pole
change-outs. They noted that the
primary determining factor in selecting
pole size is the horizontal load, not the
vertical load, which is affected by the
transformer weight. (Joint Comments
ASAP, ACEEE and NRDC, No. 28 at p.
2—3) PG&E and SCE stated that
replacement of the pole (or pad) is more
a function of transformer upsizing than
of increased size due to efficiency
improvement, adding that when
replacing in-kind utility transformers,
the rate of pole change-out due to
increased size and weight of higher-
efficiency improvements is very low.
They also noted that for new
construction, pole change-out is
unnecessary because there is no existing
pole to change out. (Joint Comments
PG&E and SCE, No. 32 at p. 2)

In general, as transformers are
redesigned to reach higher efficiency,
the weight and size also increase. The
degree of weight increase depends on
how the design is modified to improve
efficiency. For pole-mounted
transformers, represented by design line
(DL) 2, the increased weight may lead to
situations where the pole needs to be
replaced to support the additional
weight of the transformer. This in turn
leads to an increase in the installation
cost. To account for this effect in the
analysis, three steps are needed:

The first step is to determine whether
the pole needs to be changed. This
depends on the weight of the
transformer in the base case compared
to the weight of the transformer under
a proposed efficiency level, and on
assumptions about the load-bearing
capacity of the pole. In the LCC
calculation, it is assumed that a pole
change-out will only be necessary if the
weight increase is larger than 15 percent
and greater than 150 lbs of the weight
of the baseline unit. Utility poles are
primarily made of wood. Both ANSI and
NESC provide guidelines on how to
estimate the strength of a pole based on
the tree species, pole circumference and

other factors. Natural variability in
wood growth leads to a high degree of
variability in strength values across a
given pole class. Thus, NESC also
provides guidelines on reliability,
which result in an acceptable
probability that a given pole will exceed
the minimal required design strength.
Because poles are sized to cope with
large wind stresses and potential
accumulation of snow and ice, this
results in “over-sizing” of the pole
relative to the load by a factor of two to
four. Because of this “over-sizing” DOE
limited the total fraction of pole
replacements to 25 percent of the total
population.

The second step is to determine the
cost of a pole change-out. Specific
examples of pole change-out costs were
submitted by the sub-committee. These
examples were consistent with data
taken from the RSMeans Building
Construction Cost database. Based on
this information, a triangular
distribution was used to estimate pole
change-out costs, with a lower limit at
$2,025 and an upper limit at $5,999.
Utility poles have a finite life-time, so
that pole change-out due to increased
transformer weight should be counted
as an early replacement of the pole; i.e.
it is not correct to attribute the full cost
of pole replacement to the transformer
purchase. Equivalently, if a pole is
changed out when a transformer is
replaced, it will have a longer lifetime
relative to the pole it replaces, which
offsets some of the cost of the pole
installation. To account for this affect,
pole installation costs are multiplied by
a factor n/pole-lifetime, which
approximately represents the value of
the additional years of life. The
parameter n is chosen from a flat
distribution between 1 and the pole
lifetime, which is assumed to be 30
years.29

PHI noted that if a pole-mount
transformer exceeds 900 pounds, they
are required to have two crews for the
replacement, a heavy-duty rigger and
traffic control crew, adding to the
expense of the installation. (PHI, No. 26
at p. 1) DOE’s analysis accounts for
increase in installation labor costs as
transformer weight increases and is
described in detail in chapter 6 of the
NOPR TSD.

Regarding pad-mounted transformers,
ComEd commented that new standards

29 As the LCC represents the costs associated with
purchase of a single transformer, to account for
multiple transformers mounted on a single pole, the
pole cost should also be divided by a factor
representing the average number of transformers per
pole. No data is currently available on the fraction
of poles that have more than one transformer, so
this factor is not included.
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could require that the pads for some
pad-mounted transformers receive
foundation upgrades to accommodate
the increased size and weight, which
might require that generators be
deployed to maintain customer services
during the upgrade. (ComEd, No. 24 at
p.- 3) APPA also stated that DOE must
adequately account for the costs of pad
mount replacements due to larger
transformers. (APPA, No. 21 at p. 2) HI
noted that symmetric core technology
could affect installation practices
because the core design has a triangular
footprint that requires a much deeper
pad to accommodate the deeper tanks.
(HI, No. 23 at p. 3) At present, DOE’s
model does not include any additional
costs that may be required for pad-
mounted transformers at higher
efficiency levels. DOE requests data on
the weight and size thresholds that
might be expected to trigger pad mount
upgrades and on approximate costs of a
typical upgrade.

DOE received comments on the affect
that that symmetric core technology
would have on installation costs.
NRECA described theoretical evaluation
that indicates weight and labor costs
would increase for symmetric core
technology. (NRECA, No. 31 and 36 at
p- 3) The engineering analysis estimated
the weight of transformers that utilize
symmetric core technology. As
mentioned above, the LCC and PBP
analysis accounts for increase in
installation labor costs as transformer
weight increases.

EEI noted that several of its members
expressed concern that more efficient
transformers will be larger in size
(height, width, and depth), which will
have an impact for all retrofit situations,
especially in underground vaults, which
in many urban areas cannot be
physically expanded, or can only be
expanded at a great cost in terms of
materials, labor, and street closures.
(EEI, No. 29 at p. 2) Because vault-
installed transformers account for a
small fraction of transformer
installations, and mainly affect urban
utilities that have underground
distribution systems, DOE chose to
analyze these transformers as part of the
customer subgroup analysis. This
analysis, and the approach DOE used to
account for installing larger-volume
transformers, is described in section
IV.H.

3. Inputs Affecting Operating Costs
a. Transformer Loading

DOE’s assumptions about loading of
different types of transformers are
described in section IV.E. DOE generally
estimated the loading on larger

transformers is greater than the loading
on smaller transformers.

b. Load Growth Trends

The LCC takes into account the
projected operating costs for
distribution transformers many years
into the future. This projection requires
an estimate of how the electrical load on
transformers will change over time. In
the preliminary analysis, for dry-type
transformers, DOE assumed no load
growth, while for liquid-immersed
transformers DOE used as the default
scenario a one-percent-per-year load
growth. It applied the load growth factor
to each transformer beginning in 2016.
To explore the LCC sensitivity to
variations in load growth, DOE included
in the model the ability to examine
scenarios with zero percent, one
percent, and two percent load growth.

DOE did not receive comments
regarding its load growth assumptions,
and it retained the assumptions
described above for the NOPR analysis.

c. Electricity Costs

DOE needed estimates of electricity
prices and costs to place a value on
transformer losses for the LCC
calculation. As discussed in section
IV.E, DOE created two sets of electricity
prices to estimate annual energy
expenses for its analysis: an hourly-
based estimate of wholesale electricity
costs for the liquid-immersed
transformer market, and a tariff-based
estimate for the dry-type transformer
market. IV.E also presents the comments
received on this topic and DOE’s
response.

DOE received a few comments
regarding electricity cost estimation.
Electricity cost estimates are discussed
in detail in chapter 7 of the NOPR TSD.

d. Electricity Price Trends

For the relative change in electricity
prices in future years, DOE relied on
price forecasts from the Energy
Information Administration (EIA)
Annual Energy Outlook (AEO). For the
preliminary analysis, DOE used price
forecasts from AEO 2011.

PG&E and SCE considered DOE’s
forecasted electricity prices in the
preliminary analysis to be low. They
recommended that DOE revisit their
electric price forecast to ensure it
accurately reflects historical trends and
potential future global scenarios that
may drive electricity prices higher than
otherwise anticipated. (Joint Comments
PG&E and SCE, No. 32 at p. 2) For the
proposed rule, DOE updated the price
forecast to AEO 2011 and examined the
sensitivity of analysis results to changes
in electricity price trends. Appendix 8—

D of the NOPR TSD provides a
sensitivity analysis for equipment of
each product group with the largest
market shares, for liquid-immersed
transformers design lines 1 and 5 are
examined, for low-voltage dry-type
transformers design line 7 is examined,
and for medium-voltage dry-type
transformers design line 12. These
analysis shows that the effect of changes
in electricity price trends, compared to
changes in other analysis inputs, is
relatively small. DOE evaluated a
variety of potential sensitivities, and the
robustness of analysis results with
respect to the full range of sensitivities,
in weighing the potential benefits and
burdens of the proposed rule.

e. Standards Compliance Date

DOE calculated customer impacts as if
each new distribution transformer
purchase occurs in the year
manufacturers must comply with the
standard. For the preliminary analysis,
this was assumed to be January 1, 2016.

Several stakeholders commented on
the compliance date for new efficiency
standards for distribution transformers.
Howard Industries stated that the
feasibility of the proposed date depends
on the magnitude of changes in the new
rulemaking and the supply chain
limitations that will occur once the
economy recovers. They estimated that
they will need until the January 1, 2016,
date to comply with new efficiency
levels for liquid-immersed distribution
transformers. (HI, No. 23 at p. 1) EEI
agreed that the compliance date for any
new standards should be no sooner than
January 1, 2016. (EEI, No. 29 at p. 4)
Schneider Electric commented that the
previous standard for low-voltage dry-
type transformers was implemented
within 16 months because many
manufacturers already were producing
enough compliant transformers that it
was a stock product. It noted that
circumstances are not the same for the
new standard levels, and a longer period
should be allowed for compliance. (SE.,
No. 18 at p. 5) (NEEA agreed with the
current compliance date, but said that if
the final rule is not stringent, DOE
should consider an earlier date and/or
should examine the interaction between
stringency of standards with the number
of models already in production.
(NEEA, No. 11 at p. 10)

As discussed in section II.A, if DOE
finds that amended standards for
distribution transformers are warranted,
DOE must publish a final rule
containing such amended standards by
October 1, 2012. The statutorily-
required compliance date of January 1,
2016, provides manufacturers with over
three years to prepare for manufacturing
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distribution transformers to the new
standards.

f. Discount Rates

The discount rate is the rate at which
future expenditures are discounted to
estimate their present value. DOE
employs a two-step approach in
calculating discount rates for analyzing
customer economic impacts. The first
step is to assume that the actual
customer cost of capital approximates
the appropriate customer discount rate.
The second step is to use the use the
capital asset pricing model (CAPM) to
calculate the equity capital component
of the customer discount rate. For the
preliminary analysis, DOE estimated a
statistical distribution of commercial
customer discount rates that varied by
transformer type by calculating the cost
of capital for the different types of
transformer owners.

Commenting on the preliminary
analysis, EEI stated that small
businesses and entities under financial
duress likely would face significantly
higher effective discount rates. (EEI, No.
29 at p. 8) The intent of the LCC
analysis is to estimate the economic
impacts of higher-efficiency
transformers over a representative range
of customer situations. While the
discount rates used may not be
applicable for all customers, DOE
believes that they reflect the financial
situation of the majority of transformer
customers.

More detail regarding DOE’s estimates
of commercial customer discount rates
is provided in chapter 8 of the NOPR
TSD.

g. Lifetime

DOE defined distribution transformer
life as the age at which the transformer
retires from service. For the preliminary
analysis, DOE assumed, based on a
report by Oak Ridge National
Laboratory,3° that the average life of
distribution transformers is 32 years.
This lifetime assumption includes a
constant failure rate of 0.5 percent/year
due to lightning and other random
failures unrelated to transformer age and
an additional corrosive failure rate of
0.5 percent/year starting at year 15.

Commenting on this assumption,
HVOLT and PHI suggested that DOE use
a lifetime of 30 years. (HVOLT, Public

Meeting Transcript, No. 34 at p. 126;
PHI, Public Meeting Transcript, No. 34
at p. 210) DOE did not receive any
additional data that provide a basis for
changing its 32-year assumption on
distributor lifetime, so it retained the
approach used in the preliminary
analysis for the NOPR analysis.

h. Base Case Efficiency

To determine an appropriate base case
against which to compare various
candidate standard levels, DOE used the
purchase-decision model described in
section IV.F.1. For the base case,
initially transformer purchasers are
allowed to choose among the entire
range of transformers at each design
line.

During the negotiation process, ERAC
subcommittee members noted that
currently there are no transformers
using ZDMH as a core material sold in
the U.S. market. (ABB, Public Meeting
Transcript, No. 91 at p. 276) Therefore,
DOE screened out designs using this
material in the base case selection. For
higher efficiency levels, the LCC
analysis samples from all design options
identified in the engineering analysis.

Subcommittee members provided
data on market share as a function of
efficiency. For some design lines, the
lower boundary of the price-efficiency
curve produced in the engineering
analysis is quite flat, so that the choice
algorithm in the LCC analysis showed
units being selected in the base case
with efficiencies substantially higher
than the current DOE minimum
standard. DOE modified its approach so
that the fraction of units selected in the
base case at different efficiency levels is
consistent with the provided market
share data.

G. National Impact Analysis—National
Energy Savings and Net Present Value
Analysis

DOE’s NIA assessed the national
energy savings (NES) and the national
NPV of total customer costs and savings
that would be expected to result from
amended standards at specific efficiency
levels. (“Customer” refers to purchasers
of the product being regulated.)

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 national customer costs and
savings from each TSL. DOE
understands that MS Excel is the most
widely used spreadsheet calculation
tool in the United States and there is
general familiarity with its basic
features. Thus, DOE’s use of MS Excel
as the basis for the 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 parties can review DOE’s
analyses by changing various input
quantities within the spreadsheet.

DOE 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 characterization and the LCC
analysis. DOE forecasted the energy
savings, energy cost savings, product
costs, and NPV of customer benefits for
each product class for products sold
from 2016 through 2045. The forecasts
provided annual and cumulative values
for all four output parameters. In
addition, DOE analyzed scenarios that
used inputs from the AEO 2011 Low
Economic Growth and High Economic
Growth cases. These cases have higher
and lower energy price trends compared
to the Reference case. NIA results based
on these cases are presented in
appendix 10-B of the NOPR TSD.

DOE evaluated the impacts of
amended standards for distribution
transformers by comparing base-case
projections with standards-case
projections. The base-case projections
characterize energy use and customer
costs for each product class in the
absence of amended energy
conservation standards. DOE compared
these projections with projections
characterizing the market for each
product class if DOE were to adopt
amended standards at specific energy
efficiency levels (i.e., the standards
cases) for that class.

The tables below summarize all the
major NOPR inputs to the shipments
analysis and the NIA, and whether those
inputs were revised for the proposed
rule.

TABLE [V.2—INPUTS FOR THE SHIPMENTS ANALYSIS

Preliminary analysis description

Changes for proposed rule

Shipments data

30 Barnes. Determination Analysis of Energy
Conservation Standards for Distribution
Transformers. ORNL-6847. 1996.

Third-party expert (HVOLT) for 2009

No change.
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TABLE IV.2—INPUTS FOR THE SHIPMENTS ANALYSIS—Continued
Input Preliminary analysis description Changes for proposed rule
Shipments forecast .........cccceiviriinniiniincee 2016-2045: Based on AEO 2010 ..........c.c....... Updated to AEO 2011.
Dry-type/liquid-immersed market shares ............ Based on EIA’s electricity sales data and | Updated to AEO 2011.
AEO2010.
Regular replacement market ...........cccccoeerineenne Based on a survival function constructed from | No change.
a Weibull distribution function normalized to
produce a 32-year mean lifetime. Source:
ORNL 6804/R1, The Feasibility of Replac-
ing or Upgrading Utility Distribution Trans-
formers During Routine Maintenance, page
D-1.
Elasticities, liquid-immersed .........ccccccenivrieennn. For liquid-immersed transformers: ................... No change.
e Low: 0.00
e Medium: —0.04
¢ High: —0.20
Elasticities, dry-type .......cccooiriiiiieiiicneeee, For dry-type transformers: .........cccoccvviennenne. No change.
e Low: 0.00
e Medium: —0.02
¢ High: —0.20
TABLE IV.3—INPUTS FOR THE NATIONAL IMPACT ANALYSIS
Input Preliminary analysis description Changes for proposed rule
Shipments ........ccocveiiiiiiic e, Annual shipments from shipments model ....................... No change.
Compliance date of standard January 1, 2016 ...cooociiiiiiieeeeee e No change.
Base case efficiencies ............cccccooiiiiinn Constant efficiency through 2044. Equal to weighted- | No change.
average efficiency in 2016.
Standards case efficiencies ............ccco...... Constant efficiency at the specified standard level from | No change.
2016 to 2044.
Annual energy consumption per unit ......... Average rated transformer losses are obtained from the | No change.
LCC analysis, and are then scaled for different size
categories, weighted by size market share, and ad-
justed for transformer loading (also obtained from the
LCC analysis).
Total installed cost per unit ..........ccccceveeee Weighted-average values as a function of efficiency | No change.
level (from LCC analysis).
Electricity expense per unit ...........cccceeee Energy and capacity savings for the two types of trans- | No change.
former losses are each multiplied by the cor-
responding average marginal costs for capacity and
energy, respectively, for the two types of losses
(marginal costs are from the LCC analysis).
Escalation of electricity prices .................... AEO 2010 forecasts (to 2035) and extrapolation for | Updated the escalation of electricity
2044 and beyond. prices forecast using AEO 2011.
Electricity site-to-source conversion ........... A time series conversion factor; includes electric gen- | Updated conversion factors from NEMS.
eration, transmission, and distribution losses. Conver-
sion varies yearly and is generated by DOE/EIA’s
National Energy Modeling System (NEMS) program.
Discount rates .........ccocoviiiiiiiini 3% and 7% real ..., No change.
Present year .......ccccoceeiiiiiiiie e Equipment and operating costs are discounted to the | No change.
year of equipment price data, 2010.

1. Shipments

DOE constructed a simplified forecast
of transformer shipments for the base
case by assuming that long-term growth
in transformer shipments will be driven
by long-term growth in electricity
consumption. The detailed dynamics of
transformer shipments is highly
complex. This complexity can be seen
in the fluctuations in the total quantity
of transformers manufactured as
expressed by the U.S. Department of
Commerce, Bureau of Economic
Analysis (BEA), transformer quantity
index. DOE examined the possibility of
modeling the fluctuations in

transformers shipped using a bottom-up
model where the shipments are
triggered by retirements and new
capacity additions, but found that there
were not sufficient data to calibrate
model parameters within an acceptable
margin of error. Hence, DOE developed
the transformer shipments forecast
assuming that annual transformer
shipments growth is equal to forecasted
growth in electricity consumption as
given by the AEO 2011 forecast up to
the year 2035. For the years from 2036
to 2045, DOE extrapolated the AEO

2011 forecast with the growth rate of
electricity consumption from 2025 to

2035. The model starts with an estimate
of the overall growth in transformer
capacity and then estimates shipments
for particular design lines and
transformer sizes using estimates of the
recent market shares for different design
and size categories. Chapter 9 provides
a detailed description of how DOE
conducted its shipments forecasts.

EEI suggested that the shipment
projections are overly optimistic and
should be closer to a flat line of growth.
(EEI, No. 29 at p. 9) The historical
shipments data based on the BEA’s
quantity index data for power and
distribution transformers show a
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relatively flat trend between the late
1970s and 2007. The data show a sharp
increase in 2008, a higher-than-average
level in 2009, and a steep plunge in
2010. This recent trend apparently
reflects purchasers stocking up on
transformers in advance of the standards
that took effect in 2010. Given this
unusual market situation, DOE believes
that holding future shipments at the
2010 level would be unrealistic. For the
NOPR, DOE'’s base case forecast shows
shipments gradually returning to the
level of 2008 by the end of the forecast
period.

Commenting on the preliminary
analysis, NEMA noted that in some
markets, liquid-immersed and medium-
voltage dry-type transformers compete
against one another, and for some
applications, liquid-immersed units
have additional costs for liquid
containment or fire protection. NEMA
encouraged DOE to consider whether
higher prices for liquid-immersed units
due to standards might cause users to
shift to dry-type transformers. (NEMA,
No. 13 at p. 7) ABB said that they have
not observed a shift in market share
between equipment classes as a result of
current regulations, but they asked that
any new regulation be analyzed as to its
potential impact in shifting demand
between equipment classes. (ABB, No.
14 at p. 19)

In principle, the appropriate way to
address the probability that a customer
switches to a different product class in
response to an increase in the price of
a specific product is to estimate the
cross-price elasticity of demand
between competing classes. To estimate
this elasticity, DOE would need
historical data on the shipments and
price of the liquid-immersed and
medium-voltage dry-type transformers.
The shipments data at that level of
disaggregation is available only for two
years (2001 and 2009), which is not
sufficient to support the estimation of
cross-price elasticity of liquid-immersed
distribution transformers. Thus, for the
NOPR DOE did not estimate potential
switching from liquid-immersed to dry-
type transformers. DOE requests data
that would allow it to estimate such
switching for the final rule.

Some stakeholders expressed concern
that higher prices due to new standards
will increase refurbishing of
transformers, which would reduce
purchase and shipments of new
transformers. (EEI, Public Meeting
Transcript, No. 34 at p. 249; NEEA, No.
11 at p. 9; HI, No. 23 at p. 13) NEMA
commented that the analysis should
consider the replace versus refurbish
decision for each considered standard
level. (NEMA, No. 13 at pp. 7, 9) ABB

commented that it has not observed
increased refurbishing with the current
regulation since January 1, 2010, but it
believes new regulations may well
increase the use of rebuilt transformers.
(ABB, No. 14 at p. 19) NRECA said that
some of its members are already making
greater efforts to maintain and refurbish
older units rather than purchase costlier
new, more efficient units. (NRECA, No.
31 and 36 at p. 4)

To capture the customer response to
transformer price increase, DOE
estimated the customer price elasticity
of demand. Although the general trend
of transformer purchases is determined
by increases in generation, utilities
conceivably exercise some discretion in
how much transformer capacity to
buy—the amount of “over-capacity” to
purchase. The ratio of transformer
capacity to load varies according to
economic considerations, namely the
price of transformers, and the income
generated by each unit of capacity
purchased (essentially the price of
electricity). When transformer costs are
low, utilities may increase their
investment in capacity in order to
economically meet future increases in
demand, and they will be more likely to
do so when returns, indicated by
electricity prices, are high. Any decrease
in sales induced by an increase in the
price of distribution transformers is due
to a decrease in this ratio. In DOE’s
estimation of the purchase price
elasticity, it used a logit function to
characterize the utilities’ response to the
price of a unit capacity of transformer.
The functional form captures what can
be called an average price elasticity of
demand with a term to capture the
estimation error, which accounts for all
other effects. Technically, the price
elasticity should therefore account for
any decrease in the shipments due to a
decision on the customer’s part to
refurbish transformers as opposed to
purchasing a new unit. DOE’s approach
is described in chapter 9 of the NOPR
TSD.

During the negotiated rulemaking,
DOE heard from many stakeholders that
there is a growing potential for utilities
to repair failed transformers and return
them to service for less than the cost of
a purchasing a new transformer. Some
manufacturers commented that if the
cost of a new transformer increased by
20 percent utilities may refurbish rather
than purchase new equipment to
replace failed equipment. (ABB, Public
Meeting Transcript, No. 95 at p. 100)
DOE received a market potential study
from AK Steel stating that the
replacement market could represent up
to 80 percent of the liquid-immersed
market over the next 15 years and that

utilities purchasing replacement
equipment would consider refurbishing
failed units instead of purchasing new
equipment. (AK, Public Meeting
Transcript, No. 95 at p. 101) DOE
received comment from committee
members that a small number of
municipal utilities were already
purchasing refurbished equipment as
part of their normal day-to-day
operations. (APPA, Public Meeting
Transcript, No. 95 at p. 169) On the
other hand, PG&E stated that the risks
involved with using refurbished
equipment (e.g., shorter lifetimes,
shorter warrantee, inconsistent
equipment quality) give this option
limited appeal to larger investor-owned
utilities. (PG&E, Public Meeting
Transcript, No. 95 at p. 172) DOE
acknowledges that uncertainty exists
regarding the issue of refurbishing vs.
replacement. However, it did not
receive data that provided a reasonable
basis for changing the analysis used for
the NOPR. DOE intends to further
investigate this issue for the final rule.
Toward that end, DOE request further
information that would allow it to
quantify the likely extent of
refurbishment at different potential
standard levels.

2. Efficiency Trends

DOE did not include any base case
efficiency trends in its shipments and
national energy savings models. AEO
forecasts show no long term trend in
transmission and distribution losses.
DOE estimates that the probability of an
increasing efficiency trend and the
probability of a decreasing efficiency
trend are approximately equal, and
therefore used a zero trend in base case
efficiency. DOE seeks further comment
on its decision to use frozen efficiencies
for the analysis period. Specifically,
DOE would like comments on
additional sources of data on trends in
efficiency improvement.

3. Equipment Price Forecast

As noted in section IV.F.2, DOE
assumed no change in transformer
prices over the 2016—2045 period. In
addition, DOE conducted sensitivity
analysis using alternative price trends.
Based on PPI data for electric power and
specialty transformer manufacturing,
DOE developed one forecast in which
prices decline after 2010, and one in
which prices rise. These price trends,
and the NPV results from the associated
sensitivity cases, are described in
Appendix 10—C of the NOPR TSD.

4. Discount Rate

In calculating the NPV, DOE
multiplies the net savings in future
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years by a discount factor to determine
their present value. For today’s NOPR,
DOE estimated the NPV of appliance
consumer benefits using both a 3-
percent and a 7-percent real discount
rate. DOE uses these discount rates in
accordance with guidance provided by
the Office of Management and Budget
(OMB) to Federal agencies on the
development of regulatory analysis.31
The discount rates for the determination
of NPV are in contrast to the discount
rates used in the LCC analysis, which
are designed to reflect a consumer’s
perspective. The 7-percent real value is
an estimate of the average before-tax rate
of return to private capital in the U.S.
economy. The 3-percent real value
represents the ““social rate of time
preference,” which is the rate at which
society discounts future consumption
flows to their present value.

5. Energy Used in Manufacturing
Transformers

FPT stated that DOE should account
for the additional energy needed to
produce more efficient transformers,
such as energy use associated with
working with higher-grade core steels.
(FPT, No. 27 at p. 4) HI and SC made
similar comments. (HI, No. 23 at p. 7;
SC, No. 22 at p. 3) 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 standard is economically justified. (42
U.S.C. 6295(0)(2)(B)(i)(III)) DOE
interprets this to include energy used in
the generation, transmission, and
distribution of fuels used by appliances
or equipment. In addition, DOE is
evaluating the full-fuel-cycle measure,
which includes the energy consumed in
extracting, processing, and transporting
primary fuels. DOE’s current accounting
of primary energy savings and the full-
fuel-cycle measure are directly linked to
the energy used by appliances or
equipment. DOE believes that energy
used in manufacturing of appliances or
equipment falls outside the boundaries
of “directly” as intended by EPCA.
Thus, DOE did not consider such energy
use in the NIA.

H. Customer Subgroup Analysis

In analyzing the potential impacts of
new or amended standards, DOE
evaluates impacts on identifiable groups
(i.e., subgroups) of customers that may
be disproportionately affected by a

31 OMB Circular A—4 (Sept. 17, 2003), section E,
“Identifying and Measuring Benefits and Costs.
Available at: www.whitehouse.gov/omb/
memoranda/mo03-21.html.

national standard. For this rulemaking,
DOE identified purchasers of vault-
installed transformers (mainly utilities
concentrated in urban areas) as
subgroups that could be
disproportionately affected, and
examined the impact of proposed
standards on these groups using the
methodology of the LCC and PBP
analysis.

Kentucky Association of Electric
Cooperatives, Inc. (KAEC) stated that
rural electric cooperatives should be
analyzed as a customer subgroup in the
LCC subgroup analysis because they
will face disproportionate costs for any
amended efficiency standards. KAEC
stated that rural electric cooperatives
typically are loaded at only 25 percent,
not the 50 percent loading assumed in
the test procedure. (KAEC, No. 4 at p.

2) DOE’s estimate of average root mean
square (RMS) loading for a 50 kVA pad-
mounted transformer for the national
sample is approximately 35 percent. For
rural electric cooperatives DOE used the
estimate provided by KAEC to lower the
average loading for rural customers, as
described in section IV.E of this
document.

Several interested parties commented
that it is important for DOE to take into
consideration the problem that may
arise in installing larger transformers in
space-constrained situations. HI
commented that DOE needs to do more
analysis on the size constraints for
submersible and vault type
transformers. (HI, No. 23 at p. 13)
ComEd stated that for street and
building vaults, larger transformers
potentially could cause severe problems
during replacement because of
equipment openings, operating
clearances, and the loading capacity of
floors and elevators. It stated that: (1)
Existing building vaults typically have
only a few inches of clearance; and (2)
larger transformers may not be able to be
maneuvered through building hallways
or may exceed the weight limitations of
building elevators and floors. It added
that although a slightly larger
transformer would not create a space
issue for street/sidewalk vaults, a larger
transformer may violate 