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CHAPTER 1. INTRODUCTION

1.1 PURPOSE OF THE DOCUMENT

This preliminary technical support document (TSD) is a stand-alone report that
documents the technical analyses and results in support of the information presented in the
preliminary analysis for evaluating energy conservation standards for distribution transformers.

1.2 OVERVIEW OF APPLIANCE STANDARDS FOR DISTRIBUTION
TRANSFORMERS

Title 111, Part B of the Energy Policy and Conservation Act of 1975 (EPCA or the Act),
Pub. L. 94-163 (42 U.S.C. 6291-63009, as codified), established the Energy Conservation
Program for Consumer Products Other Than Automobiles. Part C of Title 111 of EPCA (42
U.S.C. 6311-6317) established a similar program for “Certain Industrial Equipment,” including
distribution transformers.! EPCA, as amended by the Energy Policy Act of 1992, Pub. L. 102-
486, directs DOE to prescribe energy conservation standards for those distribution transformers
for which the Secretary of Energy (Secretary) determines that standards “would be
technologically feasible and economically justified, and would result in significant energy
savings.” (42 U.S.C. 6317(a))

On April 27, 2006, DOE prescribed test procedures for distribution transformers. 71 FR
24972. The Energy Policy Act of 2005 (Pub. Law No. 109-58, EPACT 2005) amended EPCA to
establish energy conservation standards for low-voltage dry-type (LVDT) distribution
transformers.?3(42 U.S.C. 6295(y)) On October 12, 2007, DOE established energy conservation
standards for liquid-immersed distribution transformers and medium-voltage, dry-type (MVDT)
distribution transformers. 72 FR 58190. On April 18, 2013, DOE amended the energy
conservation standards for liquid-immersed, MVDT and LVDT distribution transformers
(hereafter referred to as the April 2013 standards final rule).* 78 FR 23336.

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

2 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 | 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).

3 Although certain provisions pertaining to distribution transformers, including test procedures and standards for
LVDT distribution transformers, have been established in the part of EPCA generally applicable to consumer
products (See, 42 U.S.C. 6291(35), 6293(b)(10), 6295(y)), they are commercial equipment. Accordingly, DOE has
established the regulatory requirements for distribution transformers, including LVDT distribution transformers, in
10 CFR Part 431, Energy Efficiency Program for Certain Commercial and Industrial Equipment. See, 70 FR 60407
(October 18, 2005).

# The Technical Support Document for the April 2013 standards final rule is available at the following:
https://www.regulations.gov/document?D=EERE-2010-BT-STD-0048-0760
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The current test procedures for distribution transformers are codified in 10 CFR part 431,
subpart K, appendix A. The current energy conservation standards for distribution transformers
are codified at 10 CFR part 431.196.

1.3 PROCESS FOR SETTING ENERGY CONSERVATION STANDARDS

DOE must follow specific statutory criteria for prescribing new or amended standards for
covered equipment, including distribution transformers. EPCA requires that any new or amended
energy conservation standard be designed to achieve the maximum improvement in energy or
water efficiency that is technologically feasible and economically justified. (42 U.S.C. 6316(a);
42 U.S.C. 6295(0)(2)(A); see also 42 U.S.C. 6317(a)(1)) Furthermore, DOE may not adopt any
standard that would not result in the significant conservation of energy. (42 U.S.C. 6316(a); 42
U.S.C. 6295(0)(3); see also 42 U.S.C. 6317(a)(1)) 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 standard is not
technologically feasible or economically justified. (42 U.S.C. 6316(a); 42 U.S.C. 6295(0)(3)(A)-
(B); see also 42 U.S.C. 6317(a)(1)) In deciding whether a proposed standard is economically
justified, DOE must determine whether the benefits of the standard exceed its burdens. (42
U.S.C. 6316(a); 42 U.S.C. 6295(0)(2)(B)(i)) DOE must make this determination after receiving
comments on the proposed standard, and by considering, to the greatest extent practicable, the
following seven statutory factors:

1. The economic impact of the standard on the manufacturers and on the consumers of the
products subject to such standard;

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

3. The total projected amount of energy savings likely to result directly from the imposition
of the standard;

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

6. The need for national energy conservation; and
7. Other factors the Secretary considers relevant.

Other statutory requirements are set forth in (42 U.S.C. 6316(a); 42 U.S.C.
6295(0)(2)(B)(i)()-(V11))



DOE considers stakeholder participation to be a very important part of the process for
setting energy conservation standards. Through formal public notifications (i.e., Federal Register
notices), DOE actively encourages the participation and interaction of all stakeholders during the
comment period in each stage of the rulemaking. Beginning with the request for information
(RFI) and during subsequent comment periods, interactions among stakeholders provide a
balanced discussion of the information that is required for the standards rulemaking.

After publication of the request for information, the energy conservation standards
rulemaking process involves three additional, formal public notices, which DOE publishes in the
Federal Register. The first of the rulemaking notices is a notice of public meeting and availability
of preliminary technical support document (Preliminary Analysis), which is designed to publicly
vet the models and tools used in the preliminary rulemaking and to facilitate public participation
before the NOPR stage. The second notice is the notice of proposed rulemaking (NOPR), which
presents a discussion of comments received in response to the preliminary analyses and
analytical tools; analyses of the impacts of potential amended energy conservation standards on
consumers, manufacturers, and the Nation; DOE’s weighting of these impacts of amended
energy conservation standards; and the proposed energy conservation standards for each product
or equipment. The third notice is the final rule, which presents a discussion of the comments
received in response to the NOPR,; the revised analyses; DOE’s weighting of these impacts; the
amended energy conservation standards DOE is adopting for each product or equipment; and the
effective dates of the amended energy conservation standards. Table 1.3.1 lists the analyses
conducted at each stage of the rulemaking.

Table 1.3.1 Analyses Under the Process Rule

Preliminary Analyses NOPR Final Rule
Market and technology
assessment

Revised preliminary analyses | Revised NOPR analyses

Life-cycle cost sub-group
analysis

Engineering analysis Manufacturer impact analysis
Markups for equipment price
determination

Life-cycle cost and payback
period

Shipment analysis Regulatory impact analysis
National impact analysis
Preliminary manufacturer
impact analysis

Screening analysis

Environmental assessment

Employment impact analysis

1.4 HISTORY OF DISTRIBUTION TRANSFORMER STANDARDS
The Energy Policy Act of 2005 (EPACT 2005) amended EPCA to establish energy

conservation standards for low-voltage dry-type distribution transformers (LVDTs). (Public Law
109-58, Section 135(c); 42 U.S.C. 6295(y)). DOE incorporated these statutory standards into its
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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. On April 27, 2006, DOE
prescribed test procedures for distribution transformers. 71 FR 24972. On October 12, 2007,
DOE established energy conservation standards for liquid-immersed distribution transformers
and MVDT distribution transformers (hereafter referred to as the October 2007 standards final
rule). 72 FR 58190.

After the publication of the October 2007 standards 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 MVDT 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. To expedite the rulemaking
process, DOE began at the preliminary analysis stage. 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 preliminary TSD addressing a range of issues. These comments were discussed in the
various sections of the NOPR and final rule.

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 MVDT
and liquid-immersed distribution transformers. 76 FR 45471. Stakeholders strongly supported a
consensual rulemaking effort. 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
LVDT distribution transformers. 76 FR 50148. The purpose of the subcommittee was to discuss
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and, if possible, reach consensus on a proposed rule for the energy efficiency of distribution
transformers.

The ERAC subcommittee for MVDT and liquid-immersed distribution transformers held
eight separate meetings from September 15, 2011 through December 1, 2011; the ERAC
subcommittee also held public webinars on November 17 and December 14. DOE presented its
draft engineering, life-cycle cost and national impacts analysis and results during these meetings
and heard from subcommittee members on several topics. In addition, DOE presented its revised
analysis, including life-cycle cost sensitivities based on exclusion of ZDMH and amorphous steel
as core materials.

At the conclusion of the final meeting, subcommittee members presented their efficiency
level recommendations. For liquid-immersed distribution transformers, the energy efficiency
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 recommended EL1 for DLs 1, 3, and 4 and no change from the
current standard or a proposed standard of less than EL 1 for DLs 2 and 5. Therefore, the
subcommittee did not arrive at consensus regarding proposed standard levels for liquid-
immersed distribution transformers. For MVDT distribution transformers, the subcommittee
arrived at consensus and recommended a standard of EL2 for DLs 11 and 12, from which the
standards for DLs 9, 10, 13A, and 13B would be scaled.’

The ERAC subcommittee held six separate meetings from September 28, 2011 through
December 2, 2011 for LVDT distribution transformers. The ERAC subcommittee also held
webinars on November 21, 2011, and December 20, 2011. DOE presented its draft engineering,
life-cycle cost and national impacts analysis and results during these meetings, in addition to

> DOE created 14 engineering design lines (DLs) on which to perform detailed engineering analysis. These DLs
were selected to be collectively representative of distribution transformers in general. Results from the analysis of
each DL were scaled to equipment classes not directly analyzed. DLs differentiated 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 distribution transformers (three different BIL levels). For the current preliminary analysis, the term
“design line” is no longer used; instead, DOE is using the term “representative unit”. Further discussion on this
update is provided in chapter 5 of the TSD.

5 DOE analyzed designs over a range of efficiency values. However, DOE analyzed only incremental impacts of
increased efficiency by comparing discrete efficiency benchmarks to a baseline efficiency level. The baseline
efficiency level evaluated for each representative unit (EL 0) was the existing energy conservation standard level of
efficiency for distribution transformers. 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. For liquid-immersed distribution transformers, DOE analyzed either 7 or 8 ELs per DL, with EL 7 or 8
being the most efficient.

" For MVDT distribution transformers, DOE analyzed either 7 or 8 ELs per DL, with EL 7 or 8 being the most
efficient.
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presenting revised analysis and hearing from subcommittee members on various topics. DOE
also presented revised analysis based on 2011 core-material prices.

At the conclusion of the final meeting, subcommittee members presented their energy
efficiency level recommendations. For LVDT distribution transformers, the Advocates,
represented by ASAP, recommended EL 4 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 6.8
The subcommittee did not arrive at consensus regarding a proposed standard for LVDT
distribution transformers. Transcripts of the subcommittee meetings and all data and materials
presented at the subcommittee meetings are available at the DOE website at:
https://www.regulations.gov/docket?D=EERE-2011-BT-STD-0051.

On February 10, 2012, DOE published a NOPR which proposed amended standards for
all three transformer categories. 77 FR 7282. MVDT distribution transformers were proposed at
the negotiating committee’s consensus level. Liquid-immersed distribution transformers were
proposed at trial standard level (TSL) 1.° LVDT distribution transformers were proposed at TSL
1.

In response to the NOPR, DOE received several comments expressing a desire to see
some of the NOPR suggestions extended and analyzed for liquid-immersed distribution
transformers. In response, DOE generated supplementary analysis to the NOPR presenting
possible new equipment classes, including those for pole-mounted distribution transformers,
network/vault-based distribution transformers, and those with high basic impulse level (BIL)
ratings. On June 4, 2012, DOE published a notice announcing the availability of this
supplementary analysis'® and of a public meeting to be held on June 20, 2012 to present and
receive feedback on it.

Following the public meeting for the supplementary NOPR analyses, DOE received
comments from a number of stakeholders. Although comments varied, DOE concluded that
many stakeholders believed the new equipment classes presented within the supplementary
analysis were not warranted at the standard levels under consideration in the NOPR. As a result,
DOE adopted the liquid-immersed energy conservation standards and equipment classes
proposed in the NOPR in the final rule.

On April 18, 2013, DOE published the final rule with amended standards for all three
transformer types, which included liquid immersed, LVDT and MVDT distribution transformers.
78 FR 23336. In the final rule, DOE adopted TSL 1 for liquid-immersed distribution
transformers. DOE noted that the potential for significant disruption in the steel supply market at

8 For LVDT distribution transformers, DOE analyzed 7 ELs per DL, with EL 7 being the most efficient.

® Trial standard levels are formed by grouping certain efficiency levels for each design line analyzed. In other words,
each TSL will include the 14 design lines analyzed for distribution transformers, and a set of efficiency levels.
Generally, the higher the TSL, the higher the efficiency level for each design line. For the NOPR, DOE examined
seven TSLs for liquid-immersed distribution transformers, six TSLs for LVDT distribution transformers, and five
TSLs for MVDT distribution transformers.

1077 FR 32916
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higher efficiency levels was a key element in adopting TSL 1. Although DOE proposed TSL 1
for LVDT distribution transformers in the NOPR, DOE adopted TSL 2 for both low-voltage and
medium-voltage dry-type transformers in the final rule. With the primary argument from
stakeholders against higher TSLs being concerns for small manufacturers to adopt those levels,
DOE argued that TSL 2 affords small LVDT transformer manufacturers with several strategic
paths to compliance: (1) Investing in mitering capability, (2) continuing to use low-capital butt-
lap core designs with higher grade steels, (3) sourcing cores from third-party core manufacturers,
or (4) focus on the exempt portion of the market. Compliance with the amended standards
established for distribution transformers in the final rule was required as of January 1, 2016.

More recently, on September 22, 2017, DOE published a test procedure RFI to initiate a
data collection process to consider whether to amend DOE's test procedure for distribution
transformers. DOE published this RFI to inform DOE's 7-year review requirement specified in
EPCA, which requires that DOE publish either an amendment to the test procedures or a
determination that amended test procedures are not required. (42 U.S.C. 6314(a)(1)) The issues
outlined in the RFI mainly concerned the degree to which the per-unit load (PUL) testing
measurement accurately represents in-service distribution transformer performance, and provides
test results that reflect energy efficiency, energy use, and estimated operating costs during a
representative average use cycle of an in-service transformer; sampling; representations;
alternative energy determination methods (AEDMSs); and any additional topics that may inform
DOE's decisions in a future test procedure rulemaking, including methods to reduce regulatory
burden while ensuring the procedure's accuracy. DOE received several comments regarding
these topics.

DOE used the comments from the test procedure RFI to inform the test procedure NOPR.
On May 10, 2019, DOE published the test procedure NOPR for distribution transformers. The
test procedure NOPR proposed clarifying amendments to the test procedure for distribution
transformers to revise and add definitions of certain terms, to incorporate revisions based on the
latest versions of relevant Institute of Electrical and Electronic Engineers (IEEE) industry
standards, and to specify the basis for voluntary representations at any PUL. The proposals in the
NOPR were minor revisions that do not significantly change the test procedure.

On June 18, 2019, DOE published an Early Assessment Review RFI pursuant to the six-
year review requirement specified in EPCA, which requires that DOE publish either a
determination that amended standards are not required or propose amended standards, and
requires, if proposed amended standards are published, that DOE publish a final rule amending
such standards. (42 U.S.C. 6316(a); 42 U.S.C. 6295(m)(1)). The RFI solicited data and
information from the public to help DOE determine whether amended standards for distribution
transformers would result in significant energy savings and whether those standards would be
technologically feasible and economically justified.

Following the publication of the RFIs, DOE received several comments from
stakeholders. In this preliminary analysis, DOE is addressing the comments and providing
preliminary results based on draft analyses.
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1.5 STRUCTURE OF THE DOCUMENT

This preliminary TSD outlines the analytical approaches used in this rulemaking. The
TSD consists of 16 chapters as well as appendices.

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Chapter 11

Introduction: Provides and overview of the appliance standards program and how
it applies to the distribution transformers rulemaking, provides a history of DOE’s
action to date, and outlines the structure of this document.

Analytical Framework, Comments from Interested Parties, and DOE Responses:
Describes the rulemaking process step by step, summarizes comments made from
interested parties during the RFI comment period, and provides DOE responses to
those comments.

Market and Technology Assessment: Characterizes the distribution transformer
market and the technologies available for increasing equipment efficiency.

Screening Analysis: Determines which technology options are viable for
consideration in the engineering analysis.

Engineering Analysis: Discusses the methods used for developing the relationship
between increased manufacturer price and increased efficiency.

Markups to Determine Equipment Price: Discusses the methods used for
establishing markups for converting manufacturer prices to customer prices.

Energy Use Analysis: Discusses the process used for generating energy use
estimates of distribution transformers for a variety of equipment classes, climate
locations, and standard levels.

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

Shipments Analysis: Discusses the methods used for forecasting shipments with
and without higher efficiency standards.

National Impact Analysis: Discusses the methods used for forecasting national
energy consumption and national economic impacts based on annual shipments
and estimates of future efficiency distributions in the absence and presence of
higher efficiency standards.

Customer Sub-Group Analysis: Discusses the effects of standards on a subgroup
of distribution transformer customers and compares the LCC and PBP of
equipment with and without higher efficiency standards for these customers. This
analysis will be conducted during the NOPR phase.
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Chapter 12

Chapter 13

Chapter 14

Chapter 15

Chapter 16

Chapter 17

Preliminary Manufacturer Impact Analysis: Discusses the effects of standards on
the finances and profitability of manufacturers.

Emissions Impact Analysis: discusses the effects of standards on emissions of
carbon dioxide (COz2), and other greenhouse gases (GHG). This analysis will be
conducted during the NOPR phase.

Monetization of Emissions Reduction Benefits: discusses the monetary benefits
associated with the reduction in emissions due to the standards. This analysis will
be conducted during the NOPR phase.

Utility Impact Analysis: discusses the effects of standards and electric and gas
utilities. This analysis will be conducted during the NOPR phase.

Employment Impact Analysis: discusses the effects of standards on national
employment. This analysis will be conducted during the NOPR phase.

Regulatory Impact Analysis: Discusses the present regulatory actions as well as
the impact of non-regulatory alternatives to setting energy efficiency standards.
This analysis will be conducted during the NOPR phase.

1.5.1 List of Appendices:

App. 3A

App. 5A

App. 5B

App. 5C

App. 7A

App. 7B

App. 7C

App 7D

Core Steel Market Analysis: presents DOE’s research into the global core steel
market.

Additional Engineering Analysis Results: presents scatter plots for each of the 14
representative units, illustrating no-load losses versus manufacturer selling price
(MSP); load losses versus MSP; and transformer weight versus efficiency.

Material Price Sensitivity Engineering Results: presents scatter plots for each of
the 14 representative units illustrating comparisons between the baseline prices
and material price sensitivities.

Scaling Relationships in Transformer Manufacturing: discusses the technical basis
of the 0.75 scaling rule.

Technical Aspects of Energy Use and End-Use Load Characterization: Details the
methodology used to estimate transformer energy use and load simulation.

Sample Utilities: details the specific electric utilities for which DOE collected
electricity marginal price and electric system loads.

Data Description and Exploratory Analysis of Industry Provided Transformer
Load Data

Impact of New Data Source on Join Probability Distribution Functions
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App. 8A Uncertainty and Variability.

App. 8B Life-Cycle Cost Sensitivity Analysis.

App. 8C Impact on Structures Caused from Increased Transformer Size
App. 8D Limitations on Distribution Transformer Installations.
App. 8E Distributions Used for Discount Rates

App. 10A National Impacts Analysis Sensitivity Analysis for Alternative Product Price
Trends Scenarios: presents the results and analytic methodology used to estimate
long-term distribution transformer pricing trends.

App. 10B Full-Fuel-Cycle Analysis, provides the methodological overview and inputs used
in the Full-fuel-cycle analysis.
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CHAPTER 2. ANALYTICAL FRAMEWORK, COMMENTS FROM INTERESTED
PARTIES, AND DOE RESPONSES

2.1 INTRODUCTION

2.1.1 Overview

This chapter provides a description of the general analytical framework that DOE is using
to evaluate potential standards for distribution transformers. The analytical framework is a
description of the methodology, analytical tools, and relationships among the various analyses
that are part of this rulemaking.

Figure 2.1.1 summarizes the analytical components of the standards-setting process. The
focus of this figure is the center column, identified as “Analyses.” The columns labeled “Key
Inputs” and “Key Outputs” show how the analyses fit into the rulemaking process, and how the
analyses relate to each other. Key inputs are the types of data and information that the analyses
require. Some key inputs exist in public databases; DOE collects other inputs from stakeholders
or persons with special knowledge. Key outputs are analytical results that feed directly into the
standards-setting process. Dotted lines connecting analyses show types of information that feed
from one analysis to another.
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Subsequent to the June 18, 2019, publication of the energy conservation standards request
for information (*June 2019 Early Assessment RFI””), DOE received comments from interested
parties regarding DOE’s analytical approach. 85 FR 28239.

Table 2.1.1  June 2019 Early Assessment RFI Written Comments

Reference in this
Commenter(s) NOPR Commenter Type
American Public Power Association APPA Utilities
Appliance Standards Awareness Project, American Council for an Efficiency Policy Advocac
Energy-Efficient Economy, Natural Resources Defense Council Advocates Y y
Eaton Corporation Eaton Transformer
Manufacturer
Edison Electric Institute EEI Utilities
ELEN-MECH. Consulting Inc EM Consulting Other
Hammond Power Solutions Inc. Hammond Transformer
Manufacturer
Howard Industries Inc. Howard Transformer
Manufacturer
HVOLT Inc. HVOLT Independent
Consultant
Institute for Policy Integrity IPI Other
LakeView Metals, Inc. LVM Core Manufacturer
Metglas Inc. Metglas Steel Manufacturer
National Rural Electric Cooperatives Association NRECA Utilities
National Electrical Manufacturers Association NEMA Trade Organization
Powersmiths International Corp. Powersmiths Transformer
Manufacturer
Schneider Electric Schneider Transformer
Manufacturer
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A parenthetical reference at the end of a comment quotation or paraphrase provides the
location of the item in the public record.?

This chapter summarizes the key comments and describes DOE’s responses. In the
executive summary of the preliminary TSD, DOE identifies several issues for which DOE seeks
public comment. DOE explains each of those issues in the relevant analysis sections below.

2.2 SCOPE OF COVERAGE

The current definition for a distribution transformer codified in 10 CFR part
431.192 is the following:

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) Nonventilated 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.

In the June 2019 Early Assessment RFI, DOE requested comments on the current
definition of distribution transformers, and whether amendments specific to the kVA range were
warranted. 85 FR 28239, 28243

Several commenters recommended changes related to both the inclusion and definition of
equipment currently excluded from the definition of “distribution transformer”. (Schneider, No.
8 at p. 2; Hammond, No. 6 at p. 4; NEMA, No. 13 at p. 2; Eaton, No. 12 at pp. 4-5; Powersmiths,
No. 3 at p. 2) These comments are discussed below.

! The parenthetical reference provides a reference for information located in the docket of DOE’s rulemaking to
develop energy conservation standards for distribution transformers. (Docket No. EERE-2019-BT-STD-0018-0013
which is maintained at www.regulations.gov/#!docketDetail;D=EERE-2019-BT-STD-0018-0013). The references
are arranged as follows: (commenter name, comment docket ID number, page of that document).
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2.2.1 General

In response to the June 2019 Early Assessment RFI, HVOLT and NRECA both
commented that the current definition for distribution transformers is complete and not in need of
any changes. (HVOLT, No. 2 at p. 3; NRECA, No. 15 at p. 3)

DOE interprets these comments to apply generally, including to each of the transformer
varieties discussed in sections 2.2.2 through 2.2.9.

2.2.2 Autotransformers

Schneider commented that autotransformers were initially excluded from the definition of
distribution transformers because autotransformers have historically had higher efficiencies than
isolation (i.e., non-autotransformers) distribution transformers, but that this is no longer the case.
(Schneider, No. 8 at p. 2) Schneider stated that autotransformers are increasingly being marketed
and used as substitutes for isolation distribution transformers in alternate energy solutions.
(Schneider, No. 8 at p. 2) It recommended revising the definition of distribution transformers to
only exclude “medium-voltage autotransformers.” (Schneider, No. 8 at p. 3)

In the preliminary analysis, DOE has not included “low-voltage autotransformers” in its
analysis of distribution transformers. DOE notes that the statutory definition of distribution
transformer does not include *“a transformer that is designed to be used in a special purpose
application and is unlikely to be used in general purpose applications, such as a drive
transformer, rectifier transformer, auto-transformer, Uninterruptible Power System transformer,
impedance transformer, regulating transformer, sealed and nonventilating transformer, machine
tool transformer, welding transformer, grounding transformer, or testing transformer.” (42
U.S.C. 6291(35)(b)(ii)) Unlike isolation distribution transformers (which have no continuous
conductive path from primary to secondary windings), autotransformers do not provide galvanic
isolation and thus would be unlikely to be used in at least some general purpose applications.

DOE requests comment regarding autotransformers use as substitutes for isolation
distribution transformers, in particular: (1) Applications in which substitution occurs and
applications for which loss of galvanic isolation would negate substitution incentive; (2)
Estimated magnitude of substitution; (3) Evidence of substitution occurring; (4) Ability of
autotransformers to meet current energy conservation standards; (5) Typical relative cost savings

associated with substitution of an autotransformer for an isolation distribution transformer.
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2.2.3 Drive (Isolation) Transformers

Schneider recommended updating the definition of drive isolation transformers to only
exclude medium-voltage drive isolation transformers and low-voltage drive isolation
transformers that provide more than 6-pulse inputs?, while low-voltage drive isolation
transformers with 6-pulse inputs should be subject to standards. (Schneider, No. 8 at p. 2) It
claimed that this definition would also bring alignment between DOE’s regulations and Natural
Resources Canada (“NRCAN”). (Schneider, No. 8 at p. 2) Schneider also recommended
clarifying in the definition of drive isolation transformer that the isolation is between the line and
the drive, not the drive and the motor as currently written. (Schneider, No. 8 at p. 3)

Hammond commented that the current exclusion for drive isolation transformers is
potentially open to abuse and it generally makes sense to increase the efficiency of some of these
drive isolation transformers. It supported including “two winding drive isolation transformers” in
the scope of the “distribution transformer” definition to align between DOE and NRCAN.
(Hammond, No. 6 at p. 4) NEMA stated that some drive isolation transformers could be used in
place of distribution transformers, but was unaware of such application occurring and therefore
did not recommend such an amendment. (NEMA, No. 13 at p. 2)

As noted, the statutory definition of distribution transformer does not include a
transformer that is designed to be used in a special purpose application and is unlikely to be used
in general purpose applications, such as a drive transformer. (42 U.S.C. 6291(35)(b)(ii)) While
commenters suggested that certain “drive isolation transformers” could be used in general
purpose applications, DOE does not have any data indicating, nor did any commenter suggest,
that “drive isolation transformers” are currently being widely used in general purpose
applications. As a result, DOE considers “drive isolation transformers” statutorily excluded on
account of being designed for special purpose applications. Therefore, in this preliminary
analysis, DOE has not included “drive isolation transformers” in its analysis of distribution
transformers.

DOE requests comment and data regarding whether “drive isolation transformers” are
being used in place of general-purpose distribution transformers, and if so, in what cases and to

what degree.

If certain “drive isolation transformers” are being widely used in general purpose

applications, DOE requests comment regarding the definition of “drive isolation transformers”

2 Drive transformers may be categorized by the number of voltage “pulses” they pass to downstream drive
components (e.g., rectifiers). Higher pulse counts may produce lower harmonic distortion in drive systems, which is
generally desired, though possibly at the expense of reduced efficiency and greater cost.
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generally and, in particular: (1) whether only transformers that supply greater-than-six-pulse

power are unsuited to general-purpose applications; (2) how pulse count should be defined;

2.2.4 Sealed and Nonventilated Transformers

Eaton and NEMA both recommended DOE revise definitions for both sealed and
nonventilated transformers to specify that the exclusion applies only to dry-type transformers.
Eaton and NEMA state that the current definition could be interpreted to exclude a liquid-
immersed transformer as a sealed or nonventilated transformer. (Eaton, No. 12 at p. 2-3; NEMA,
No. 13 at p. 2) Powersmiths further stated that non-ventilated transformers should not be
excluded because there are no technological reasons preventing DOE’s efficiency standards from
being met, adding that a more efficient transformer has less losses to dissipate, which is
advantageous to a nonventilated transformer. (Powersmiths, No. 3 at p. 2)

In this preliminary analysis, DOE has not included “sealed and nonventilated
transformers” in the analysis of distribution transformers because as noted the statutory
definition of distribution transformer does not include a transformer that is designed to be used in
a special purpose application and is unlikely to be used in general purpose applications, such as a
“sealed and nonventilating transformers.” (42 U.S.C. 6291(35)(b)(ii)) Regarding comments from
Eaton and NEMA as to the potential for misinterpretation of the sealed and nonventilated
transformers exclusion, liquid-immersed transformers are explicitly included in the definition of
what constitutes a distribution transformer. 10 CFR 431.192. For this preliminary analysis, DOE
has not analyzed dry-type sealed and nonventilated transformers and has analyzed general
purpose liquid-immersed distribution transformers that meet the voltage and kVVA ranges of the
distribution transformer definition.

DOE requests comment regarding the definition of “sealed and nonventilated
transformers” generally and, in particular: (1) whether liquid-immersed should be explicitly
excluded from the definition; and (2) what difference in loss sealed and nonventilated

transformers typically exhibit relative to open equivalents.

2.2.5 Special-Impedance Transformers

Impedance is an electrical property that relates voltage across and current through a
distribution transformer. It may be selected, among other reasons, to balance voltage drop,
overvoltage tolerance, and compatibility with other elements of the local electrical distribution
system. Currently, any transformer built to operate at an impedance outside of the normal
impedance range for that transformer’s kVA rating, given in Table 1 and Table 2 of 10 CFR
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431.192 under the definition of "special-impedance transformer,"” is excluded from the definition
of distribution transformers. 10 CFR 431.192

Eaton recommended the normal-impedance tables be updated to show the normal
impedance for a range of kVVA values rather than at a single kVA as currently constructed in the
DOE definition. (Eaton, No. 12 at p. 3-4) DOE notes that current 10 CFR 431.192 does not
specify what the normal impedance range is for distribution transformers with rated kVA values
that do not appear in Tables 1 and 2 of 10 CFR 431.192 under the definition of "special-
impedance transformer.” 10 CFR 431.192

DOE requests comment regarding the definition of “special impedance transformer”
generally and, in particular: (1) whether Eaton’s suggested revisions to list the normal impedance
values as a range of kVA values rather than a single kVA value are warranted; (2) what fraction
of distribution transformers currently sold are at KVA values not listed in the normal impedance
value tables at 10 CFR 431.192; (3) how manufacturers are currently interpreting the normal
impedance values for units with kVA values not listed in the normal impedance value tables at

10 CFR 431.192.

Eaton also recommended some changes to what impedance values would be excluded as
special-impedance transformers. (Eaton, No. 12 at p. 3-4) Specifically, Eaton proposed a
reduction in the range of impedance values that would be considered normal impedance ranges.
Id.

DOE previously expressed concern that a more narrow interpretation of what is
considered normal impedance ranges could “spawn a new generation of distribution transformers
with impedance outside these ranges, which would not be subject to Federal efficiency standards
and test procedures.” 71 FR 24972, 24978-24979 DOE’s current definition of special-impedance
transformers is based on NEMA TP 2-2005. DOE is not aware of an alternative industry
definition for special-impedance distribution transformers.

In the preliminary analysis, DOE used the codified impedance values for special-
impedance transformers given in the definition of special-impedance transformers. 10 CFR
431.192

DOE requests comment regarding whether industry standards designate different values

for special-impedance distribution transformers than those special impedance values appearing in

DOE’s definition at 10 CFR 431.192.
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2.2.6 Tap Range of 20 Percent or More

Currently transformers with multiple voltage taps, the highest of which equals at least 20
percent more than the lowest, computed based on the sum of the deviations of the voltages of
these taps from the transformer’'s nominal voltage are excluded from the definition of distribution
transformers. 10 CFR 431.192. Eaton commented that the definition should be revised to clarify
that only full KVA rated taps are eligible for exclusion. (Eaton, No. 12 at p. 4-5) Further, Eaton
recommended revising the definition for calculating the tap range to be based on the lowest tap
range, rather than the nominal tap range. Eaton stated that because the nominal tap range can be
selected by the manufacturer, two physically identical transformers could be included in scope or
excluded depending on what the manufacturer chose as the nominal voltage. (Eaton, No. 12 at p.
4-5)

EPCA explicitly lists “a transformer with multiple voltage taps the highest of which
equals at least 20 percent more than the lowest” as excluded from the definition of distribution
transformer. 42 U.S.C. 6291(35)(B)(i) DOE previously stated that EPCA does not specify
whether the exclusion is based on computing the percentage of the voltage difference between its
lowest and highest voltage taps relative to the voltage of the lower tap, or, the traditional industry
understanding, of the percentage of voltage difference relative to the nominal voltage. 71 FR
24972, 24977-24978. DOE concluded that EPCA’s exclusion is best construed as reflecting the
standard industry practice of being relative to the nominal voltage and adopted that definition in
10 CFR 431.192. Id. DOE stated that while there is some risk of manufacturers increasing their
tap range to avoid coverage, the 20 percent range is relatively large and therefore that risk is
reduced. 1d.

In the preliminary analysis, DOE maintained the existing definition at 10 CFR 431.192.
However, DOE recognizes the potential that a transformer could fall within or outside of the
scope of standards based on the manufacturer’s selection of nominal voltage. DOE does not

currently have information as to practice of tap and nominal voltage selection, or the factors that
may influence manufacturer selections.

DOE requests comment regarding the definition of “tap range” generally and, in
particular: (1) whether only full-power taps should count toward the exclusion; (2) what
variables impact manufacturer nominal voltage choice; (3) what fraction of currently sold
transformers could move into or out of scope depending on nominal voltage choice; (4) whether

the industry understanding still reflects tap ranges as being relative to the nominal voltage.

2.2.7 Uninterruptible Power Supply Transformers

Powersmiths commented that DOE should explicitly exclude from the definition of
“uninterruptible power supply transformers” transformers for voltage adaptation or isolation
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purposes that are at the input, output, or bypass of an uninterruptible power supply system.
(Powersmiths, No. 3 at p. 2)

“Uninterruptible power supply transformer” is defined as a transformer that is used
within an uninterruptible power system, which in turn supplies power to loads that are sensitive
to power failure, power sags, over voltage, switching transients, line noise, and other power
quality factors. 10 CFR 431.192. DOE previously stated that an uninterruptable power supply
transformer “is not a distribution transformer. It does not step down voltage, but rather it is a
component of a power conditioning device” and it is “used as part of the electric supply system
for sensitive equipment that cannot tolerate system interruptions or distortions, and counteracts
such irregularities.” 69 FR 45376, 45383. DOE further clarified that uninterruptable power
supply transformers do not “supply power to” an uninterruptible power system, rather they are
“used within” the uninterruptible power system. 72 FR 58190, 58204. This is consistent with the
reference in the definition to transformers that are “within” the uninterruptible power system. 10
CFR 431.192. Distribution transformers at the input, output or bypass that are supplying power
to the uninterruptible power system are not uninterruptable power supply transformers. In this
preliminary analysis, consistent with the definition at 10 CFR 431.192, DOE did include in its
analysis distribution transformers at the input, output or bypass that are suppling power to the
uninterruptible power system but did not include those used within the uninterruptible power
system.

DOE requests comment regarding: (1) Whether manufacturers are applying the definition
of “uninterruptable power supply transformer” consistent with the discussion in the preceding
paragraph; and; (2) Whether amendments are needed to further clarify the definition and if so,

what changes are suggested.

2.2.8 Voltage Specification Convention

As stated, the definition of “distribution transformer” is based, in part, on the voltage
capacity of equipment, i.e., has an input voltage of 34.5 kV or less; and has an output voltage of
600 V or less. 10 CFR 431.192. Three-phase distribution transformer voltage may be described
as either “line”, i.e., measured across two lines, or “phase”, i.e., measured across one line and the
neutral conductor. For delta-connected® distribution transformers, line and phase voltages are
equal. For wye-connected” distribution transformers, line voltage is equal to phase voltage
multiplied by the square root of three.

3 Delta connection refers to three distribution transformer terminals, each one connected to two power phases.
4 Wye connection refers to four distribution transformer terminals, three of which are connected to one power phase
and the fourth connected to all three power phases.
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NEMA and Hammond recommended that DOE clarify that the input and output voltages
in the definition of distribution transformers are line voltages and not the phase voltages.
(Hammond, No. 6 at p. 4, NEMA, No. 13 at p. 2)

DOE has previously stated that the definition of distribution transformer applies to
transformers having an output voltage of 600 volts or less, not having only an output voltage of
less than 600 volts.. 78 FR 23336, 23353. For example, a three-phase transformers for which the
delta connection is at or below 600 volts, but the wye connection is above 600 volts would
satisfy the output criteria of the distribution transformer definition. Additionally, DOE’s test
procedure requires that a transformer comply with the standard when tested in the configuration
that produces the greatest losses, regardless of whether that configuration alone would have
placed the transformer at-large within the scope of coverage. Id. Similarly with input voltages, a
transformer is subject to standards if either the “line” or “phase” voltages fall within the voltage
limits in the definition of distribution transformers, so long as the other requirements of the
definition are also met.

DOE requests comment regarding the definition of “input voltage” and “output voltage”.

2.2.9 kVA Range

The current KVA range are consistent with NEMA publications in place at the time DOE
adopted the range, specifically NEMA TP-1 standard. 78 FR 23336, 23352. Subsequent to the
publication of the April 18, 2013 final rule establishing standards (78 FR 23336; “April 2013
Standards Final Rule”), NEMA TP-1 standard was rescinded. In this preliminary analysis, DOE
relies on the kVA range as established. However, DOE is considering investigating the energy

savings potential of distribution transformers that are above and below the kVVA ranges in DOE’s
definition of distribution transformers.

DOE requests comment regarding whether the current kVA ranges of distribution
transformers given at 10 CFR 431.192 aligns with what customers purchase for distribution
applications in industry. Specifically, DOE requests comment and data on the quantity and
efficiency of distribution transformers that are sold above 2500 kVA, with input and output
voltage still within DOE’s definition of distribution transformers. DOE also requests comment
and data on the quantity and efficiency of distribution transformers that are sold below 10 kVA
for liquid-immersed units and below 15 kVA for dry-type units, with input and output voltage

that meet the voltage criteria in DOE’s definition of distribution transformers.
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2.3 TEST PROCEDURE

The current test procedure for measuring the energy consumption of distribution
transformers is established at appendix A to subpart K of 10 CFR part 431. DOE received
comment in response to the June 2019 Early Assessment RFI on elements of the test procedure
for distribution transformers that also affect several of the analyses described in this TSD
chapter. Accordingly, DOE provides the following discussion regarding the test procedure for
distribution transformers.

On May 10, 2019, DOE published a test procedure notice of proposed rulemaking (“May
2019 TP NOPR?”), in which it responded to several comments it had received regarding the test
procedure per-unit load (“PUL”)® values at which standards were to apply (“tPUL”). 84 FR
20704, 20711-20716. For this preliminary analysis, DOE is using slightly different PUL
nomenclature. What was called “tPUL” in the May 2019 TP NOPR is called “standard PUL” in
this preliminary analysis to emphasize that what is referred to is the PUL at which standards
apply for a given equipment class, even when testing is not performed at that PUL (e.g., testing
at 100 percent PUL and using the equations in appendix A to calculate losses at the standard
PUL). Similarly, what was called “sPUL” in the May 2019 TP NOPR is called “in-service PUL”
in this preliminary analysis to reduce risk of misinterpretation of the “s” in “sPUL” meaning
“standard” instead of “in-service.” To summarize, this preliminary analysis will use *“standard
PUL” and “in-service PUL” only.

Commenters generally asserted that the current standard PUL, 50 percent for liquid-
immersed and medium-voltage dry-type (“MVDT”) distribution transformers and 35 percent for
low-voltage dry-type (“LVDT?) distribution transformers (see 10 CFR 431.196), values are
greater than prevailing, current in-service PUL values experienced by distribution transformers
in operation. Id. DOE did not propose changing the standard PUL in the May 2019 TP NOPR
but did propose to allow voluntary representations at other PULSs. Id.

In response to the June 2019 Early Assessment RFI, the Efficiency Advocates and
Powersmiths commented that the current test PULSs are not reflective of true operating PULs and
lead to sub-optimal distribution transformer designs. They recommend lowering the test
procedure PUL to a value it asserted would be more representative. (Efficiency Advocates, No.
14 at p. 4; Powersmiths, No. 3 at p. 4-5). Powersmiths stated that substantial savings could be
achieved by changing the efficiency measurement such that distribution transformers are
optimized for a more realistic PUL, such at 35 percent. (Powersmiths, No. 3 at p. 2)

DOE’s current estimates of root-mean-square (“RMS”) in-service PUL range from 27 to
32 percent for liquid-immersed distribution transformers and is 15.9 percent for low-voltage dry-
type distribution transformers, as described in section 2.8. It is possible that a distribution
transformer optimized to standard PUL would not be optimized at in-service PUL. Were this the

> Per-unit load (“PUL”) is the actual power supplied by a distribution transformer, divided by the distribution
transformer’s rated capacity. It is also referred to as “percent load,” “percent of nameplate-rated load,” “percent of
the rated load,” or “per unit load level” in 10 CFR 431.192, 10 CFR 431.196 and appendix A to subpart K of 10
CFR 431. In the May 2019 TP NOPR, DOE proposed to consolidate all of these terms into a single term per-unit
load. 84 FR 20704, 20708-20709
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case, it is uncertain the extent to which optimization at standard PUL as opposed to in-service
PUL would impact potential energy savings realized in the field.

2.3.1 Interaction of Test Metric and Capacity Related Charges

Customers of distribution transformers bear costs arising from the quantity of energy
consumption (“energy charges”) as well as from the energy consumption’s timing in relation to
overall local electrical grid demand (“capacity or demand charges™). As part of the electrical
grid, distribution transformers are relatively peak coincident, meaning distribution transformers
are the most highly loaded while the electricity demand of the systemwide grid is the highest, see
section 2.8 and chapter 7 of this TSD. It is at these times when the cost of electricity is the most
expensive to produce or procure. Similarly, any electrical losses produced from distribution
transformers during these peak loading times are of high values (in terms of $/kwh).

During peak loading times, load losses account for proportionally more losses relative to
non-peak operation.® A distribution transformer that is optimized to minimize losses at the
current in-service PUL would have lower no-load losses and higher load losses (relative to a
standard PUL-optimized transformer). This could create a scenario in which a distribution
transformer optimized at the in-service PUL could use slightly less energy than a transformer
optimized at the standard PUL. However, the timing of the losses could make the in-service PUL
optimized distribution transformer notably more expensive to operate. DOE’s obligation in
amending test procedures is ensuring they are reasonably designed to “measure energy
efficiency, energy use, water use..., or estimated annual operating costs” during a representative
average use cycle. 42 U.S.C. 6293(b)(3). Distribution transformers are unique amongst covered
equipment in that the timing of their losses can have a significant impact on the estimated annual
operating costs.

2.3.2 Interaction of Test Metric and Load Growth Uncertainty

Any potential amendments to the standard PUL would also need to consider the potential
for future load growth. Load growth has always been, and continues to be, difficult to predict, as
described in section 2.8.3. DOE’s LCC and NIA analyses described in chapter 8 and 10 of this
TSD, respectively, have included high-load, and low-load growth sensitivity cases to explore the
effect of such uncertainty. Additionally, future load growth will be influenced by trends toward
electrification of both vehicles and buildings. While the timing, rate and degree of these trends
are subject to uncertainty, the trends have potential to occur over short times scales relative to
typical transformer operating lifetimes, i.e., the load experienced by a distribution transformer
may increase during the lifetime of that unit.

Selection of standard PUL has significance in the context of evaluating the costs and
benefits of potential energy conservation standards. DOE cannot know in advance which
standard PUL, at the end of the 30-year analysis period and with the benefit of perfect hindsight,
would have maximized cost-effective energy savings. Instead, DOE must calculate the potential

b See section 2.9.4.2 of this chapter, and chapter 8 for details regarding capacity costs
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costs and benefits of potential energy conservation standards using estimates of relevant factors
such as energy cost and load growth. Over- or underestimating in-service PUL, in the context of
selecting standard PUL, may mean forgoing some energy savings that would have been found
cost-effective at (what would eventually be known to be) the true in-service PUL. Thus, all else
held equal, cost-effective energy savings arising from energy conservation standards are likely to
be higher to the extent DOE can accurately forecast in-service PUL and select standard PUL
with that in-service PUL considered.

Given the possibility of over- or underestimating in-service PUL, it is important to
consider whether the relative costs of erring in each direction are equivalent. The cost of
optimizing distribution transformers to a PUL that underestimates load growth may exceed the
cost of optimizing distribution transformers that overestimate load growth, for two reasons. First
is the cost heterogeneity introduced by capacity and demand charges mentioned in section 2.3.1
and described in more detail in section 2.8. Second, because load losses grow approximately
with the square of the PUL (as described in section 2.6.2.3), an efficiency percentage at a lower
PUL has fewer absolute losses than an equivalent efficiency percentage at a higher PUL.
Therefore, optimizing a distribution transformer to the lower PUL and then experiencing greater
load growth could lead to greater losses, because the lower efficiency is being applied to a
larger-than-expected volume of energy.

In the context of maximizing the possibility of cost effective energy savings, both factors
discussed above favor preferring to choose standard PUL to be too high than too low.

2.3.3 Preliminary Analysis Test Metric

In this preliminary analysis DOE considers only distribution transformers that would
meet the current standard, and any potential amended standards, at the current standard PUL.
However, in evaluating the cost effectiveness at higher standards, DOE uses the most accurate
in-service PUL and load growth estimates to calculate energy savings potential as described in
section 2.8 and section 2.9. DOE also notes that the maximum technologically feasible (“max-
tech”) design option for every representative unit involves amorphous steel distribution
transformers that are optimized for relatively low PULSs (often times below 20% PUL) but still
perform well at the standard PUL, as described in chapter 5 of this TSD. Therefore, any potential
energy savings that could be achieved by changing the standard PUL could also be achieved by
increasing the stringency of the energy conservation standards. This is described in more detail
in chapters 5, 8 and 10 of the TSD.

24  MARKET AND TECHNOLOGY ASSESSMENT

When initiating a standards rulemaking, DOE develops information on the present and
past industry structure and market characteristics for the equipment concerned. This activity
assesses the industry and equipment, both quantitatively and qualitatively, based on publicly
available information. As such, for the considered equipment, DOE addressed the following: (1)
manufacturer market share and characteristics; (2) existing regulatory and non-regulatory
equipment efficiency improvement initiatives; (3) equipment classes; and (4) trends in
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equipment characteristics and retail markets. This information serves as resource material
throughout the rulemaking and can be found in chapter 3 of the TSD.

2.4.1 Current Equipment Classes

DOE must specify a different standard level for a type or class of product that has the
same function or intended use, if DOE determines that products within such group: (A) consume
a different kind of energy from that consumed by other covered products within such type (or
class); or (B) have a capacity or other performance-related feature which other products within
such type (or class) do not have and such feature justifies a higher or lower standard. (42 U.S.C.
6316(a); 42 U.S.C. 6295(q)(1)) In determining whether a performance-related feature justifies a
different standard for a group of products, DOE must consider such factors as the utility to the
consumer of the feature and other factors DOE deems appropriate. 1d. 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. 6316(a); 42 U.S.C. 6295(q)(2))

There are eleven equipment classes used in the existing standards for distribution
transformers, one of which (mining transformers) is not subject to energy conservation standards.
10 CFR 431.196. Ten of the eleven equipment classes are determined according to the following
characteristics: (1) Type of transformer insulation: Liquid-immersed or dry-type, (2) Number of
phases: single or three, (3) Voltage class: low or medium (for dry-type only), and (4) Basic
impulse insulation level (BIL) (for MVDT only). The eleventh equipment class is for mining
transformers, which is a reserved equipment class that is not currently subject to energy
conservation standards. 10 CFR part 431.196(d).

Table 2.4.1 presents the eleven equipment classes within the scope of this rulemaking
analysis and provides the kVA range associated with each.

Table 2.4.1 Equipment Classes for Distribution Transformers

EC* # Insulation Voltage Phase BIL Rating kVA Range
EC1 Liquid-Immersed Medium Single - 10-833 kVA
EC2 Liguid-Immersed Medium Three 15-2500 kVA
EC3 Dry-Type Low Single 15-333 kVA
EC4 Dry-Type Low Three - 15-1000 kVA
EC5 Dry-Type Medium Single 20-45kV BIL 15-833 kVA
EC6 Dry-Type Medium Three 20-45kV BIL 15-2500 kVA
EC7 Dry-Type Medium Single 46-95kV BIL 15-833 kVA
EC8 Dry-Type Medium Three 46-95kV BIL 15-2500 kVA
EC9 Dry-Type Medium Single >96kV BIL 75-833 kVA
EC10 Dry-Type Medium Three >96kV BIL 225-2500 KVA
EC11 Mining Transformers

* EC = Equipment Class

In the June 2019 Early Assessment RFI, DOE requested comment generally regarding
whether additional equipment classes were warranted. 84 FR 28239, 28244-28245. HVOLT,
NRECA, Hammond, and NEMA generally commented that the existing equipment classes are
appropriate and sufficient for the current energy conservation standards. (HVOLT, No. 2 at p. 3;
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NRECA, No. 15 at p. 1; Hammond, No. 6 at p. 4; NEMA. No. 13 at p. 3) As discussed in the
following paragraphs, these stakeholders commented on the potential need for additional
equipment classes were DOE to consider more stringent standards.

2.4.1.1 Mining Distribution Transformers

“Mining distribution transformers” are a separate equipment class for which standards
have not been established. 10 CFR 431.196(d). “Mining distribution transformer” is defined at
10 CFR 431.192 as:

A medium-voltage dry-type distribution transformer that is built only for installation in
an underground mine or surface mine, inside equipment for use in an underground mine
or surface mine, on-board equipment for use in an underground mine or surface mine, or
for equipment used for digging, drilling, or tunneling underground or above ground, and
that has a nameplate which identifies the transformer as being for this use only.

In the April 2013 Standards Final Rule, DOE stated that it was not establishing standards
for mining distribution transformers due to the unique constraints that mining distribution
transformers must meet which would disadvantage them from meeting efficiency standards. 78
FR 23336, 23353-23354. DOE stated that it may consider establishing standards if mining
distribution transformers are being used to circumvent energy conservation standards for
distribution transformers. 1d. In the June 2019 Early Assessment RFI, DOE requested comment
on the sale, application, and definition of mining distribution transformers as well as DOE’s
decision not to set standards for these distribution transformers. 84 FR 28239, 28244

HVOLT, Hammond, and NEMA commented that the current definition is adequate and
complete. (HVOLT, No. 2 at p. 3; Hammond, No. 6 at p. 4; NEMA, No. 13 at p. 3) Hammond
and NEMA stated that mining distribution transformers typically have tight dimensional
restriction, different duty cycles and often operate at a higher PUL than traditional distribution
transformers and therefore should continue to not have standards. (Hammond, No. 6 at p. 4-5;
NEMA, No. 13 at p. 3) Further, NEMA stated that it is not aware of any practice of mining
distribution transformers being sold outside of their intended application and Hammond stated
that they are sold directly to mining equipment manufacturers. (NEMA, No. 13 at p. 3;
Hammond, No. 6 at p.4)

For the preliminary analysis, DOE did not analyze standards for mining distribution
transformers.
2.4.2 Additional Class-setting Factors

DOE identified several potential additional class setting factors in the June 2019 Early

Assessment RFI. 84 FR 28239, 28245. These potential class setting factors are listed in Table
2.4.2,
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Table 2.4.2 Potential Class Setting Factors for Distribution Transformers

Transformer Descrintion
Category P
Step-up Transformers that increase voltage from primary to secondary (more secondary winding turns
Transformers than primary winding turns).
Pole-mounted Transformers that are mounted above-ground on poles.
Transformers
Pad-mounted Transformers that are ground mounted, specifically in a locked steel cabinet mounted on a
Transformers concrete pad.
Transformers that operate within a grid configuration and connect end loads to multiple
Network o - ) .
distribution transformers simultaneously; often used for redundancy and in densely populated
Transformers areas
Vault-based Transformers that have features unique to operation in a vault, which is a fully-enclosed
Transformers chamber dedicated to housing the transformer and is not easily expandable.
Submersible Transformers that are able to maintain indefinite rated operation while submerged.
Transformers
Tmmhmwmwﬂ1 Transformers that are able to be reconfigured to accommodate different primary and
multi-voltage - o . - .
capacity secondary voltages, in addition to those that can provide multiple voltages simultaneously.

HVOLT, Schneider, and Hammond commented that there was no need to further divide
the distribution transformer classes based on these factors. (HVOLT, No. 2 at p. 3; Schneider,
No. 8 at p. 4; Hammond, No. 6 at p. 5) Several commenters stated that there is no need to create
new equipment classes but with the caveat that if higher standards are adopted, it may be
necessary to further subdivide equipment. These comments are discussed in more detail below.

2.4.2.1 Step-Up Transformers

For transformers generally, the term “step-up” refers to the function of a transformer
providing greater output voltage than the input voltage. In reference to creating a possible
equipment class for step-up transformers, stakeholders had differing opinions. HVOLT asserted
that renewable energy step-up transformers are by definition not distribution transformers and
should not be included in the scope of this rulemaking. (HVOLT, No. 2 at p. 3) NRECA
commented that medium-voltage step-up transformers should be subject to the same
requirements as all other liquid-filled distribution transformers. (NRECA, No. 15 at p. 1)
Hammond commented that the other equipment specification establishes performance
requirements for these renewable energy step-up transformers to meet their equipment
efficiency. (Hammond, No. 6 at p. 5) DOE interprets Hammond’s comment to mean that step-up
transformers in renewable energy applications are already selected on the basis of efficiency and,
therefore, equipment classes for these distribution transformers are unnecessary.

The fact that a transformer is designated for step-up operation does not inherently mean
that transformer is excluded from the definition of distribution transformers. Any transformer
with an input and output voltages below the input and output voltage limits given in 10 CFR
431.192 would be a “distribution transformer,” provided it met the other definitional criteria,
even if it were designed for step-up operation.
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Most step-up transformers would by definition fall outside the scope of current energy
conservation standards due to limitations on input and output voltage. The definition for
distribution transformers at 10 CFR 431.192 specifies an output voltage limitation of 600 V.
Step-up transformers typically have an output voltage larger than 600 V.

In certain cases, physical similarities could allow a consumer to operate step-up
transformer in reverse such that it functions as a distribution transformer. DOE acknowledged
there was some risk of consumers operating step-up transformers in this manner in the April
2013 Standards Final Rule. 78 FR 2336, 23354. However, commenters did not identify this as a
widespread circumvention practice at the time, nor has DOE identified this in practice in the
industry since. Id. As a result, DOE has not included step-up transformers in this preliminary
analysis.

DOE requests comment regarding the possibility of manufacturers using step-up
transformers in distribution transformer applications generally and, in particular: (1) what the
typical efficiency is of step-up transformers currently on the market; (2) what fraction, if any, of
step-up transformers currently sold are being used in traditional distribution applications; and (3)
what the typical input and output specifications are for step-up transformers that could be

operated in reverse in distribution transformer applications.

2.4.2.2 Pole- and Pad-Mounted Transformers

Eaton commented that under the current energy conservation standards there is no need
to further subdivide equipment classes, but that if energy conservation standards are increased, it
may become necessary to separate pole- and pad-mounted distribution transformers. (Eaton, No.
12 at p. 5) Eaton stated increased weight may limit increases in efficiency for pole-mounted
transformers because such increases may at some point require mass pole replacement that
would limit the economic justification. Id. Similarly, Eaton commented that the potential need to
use a triplex design’ for pad-mounted distribution transformers if efficiency increases result in
too high of a ferroresonance® as potentially negatively impacting any economic benefit of higher
standards, which Eaton claims could require a new equipment class for pad-mounted distribution
transformers. (Eaton, No. 12 at p. 5) NRECA commented that because pole and pad-mounted

" A triplex design consists of three separate, single-phase distribution transformers that are interconnected to form
one three-phase bank.

8 Ferroresonance refers to the nonlinear resonance resulting from the interaction of capacitors and inductors which
can lead to damaging high voltages in distribution transformers. Pad-mounted distribution transformers that are
delta-connected are particularly susceptible to ferroresonance effects since the underground distribution cables can
serve as capacitors and the iron core as an inductor.
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distribution transformers serve similar applications there is no need to separate them. (NRECA,
No. 15 at p. 1-2)

For the purpose of the analysis conducted for this preliminary analysis, DOE did not
divide pole-mounted or pad-mounted distribution transformers into separate equipment classes.
To the extent that more stringent standards would potentially increase the installation costs for
such distribution transformers, DOE accounted for the increase in costs as part of the economic
analysis. See section 2.9.3.

DOE requests comment and data to characterize the effect of mounting configuration on
distribution transformer efficiency, weight, volume, and likelihood of introducing

ferroresonance.

2.4.2.3 Network, Vault, Submersible and Subway Distribution Transformers

In the context of this preliminary analysis, DOE uses the term “vault distribution
transformer” to mean a distribution transformer specifically designed for and installed in an
underground, below-grade, vault. DOE estimates that these transformers represent less than 2
percent of units shipped; and are typically owned and operated by utilities serving urban
populations. The vaults in which these distribution transformers are installed are typically
underground concrete rooms with an access opening in the ceiling through which the transformer
can be lowered for installation or replacement. Similarly, in the context of this analysis, DOE
uses the term “subsurface distribution transformer” to mean a distribution transformer
specifically designed and installed in a prefabricated concrete enclosure that is buried in the
ground so that the installed transformer can be accessed at grade.

Both vault distribution transformers and subsurface distribution transformers may be
sometimes described as “submersible” or “subway”, indicating a greater ability to tolerate
exposure to or immersion in water. Both vault distribution transformers and subsurface
distribution transformers may be sometimes described as “network”, indicating design for
operation as part of a larger ensemble of highly interconnected transformers as would more
commonly occur in dense urban areas. Any or all four terms — network, vault, submersible,
subway — may apply to a given distribution transformer. For example, a “vault” distribution
transformer may or may not be “submersible”. Additionally, nomenclature may vary by
manufacturer and customer.

As these terms pertain to this preliminary analysis’ consideration of equipment classes for
distribution transformers, the most significant attribute is degree of space constraint. Typically,
there will be a size limitation for distribution transformers located within vaults, beyond which
the associated installation costs will be substantial, potentially exceeding the cost of the
distribution transformer. Vault expansion to accommodate a larger distribution transformer could
result in costs related to excavation and reconstruction of the vault, but also costs related to
closing an area to pedestrian or automotive traffic while expansion is underway. Distribution
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transformers outside of vaults may also face degrees of space constraint — for example, if
outgrowing a concrete pad or allotted space within a chain of switchgear. Generally, however,
vault-based distribution transformers could be subject to greater potential costs arising from
increased volume.

NEMA commented that at current efficiency standards there is no need to further
subdivide equipment classes, however, if efficiency standards are increased, vault and
submersible distribution transformers should be maintained at their current efficiency standards
due to size and performance constraints. (NEMA, No. 13 at p. 4) APPA and EEl commented that
DOE should actively be exploring new equipment classes for network, vault, and submersible
distribution transformers due to the unique operating and size constraint of these distribution
transformers. (APPA, No. 16 at p. 3; EEI, No. 10 at p. 3) EEI gave the example of a replacement
vault distribution transformer which, due to increased efficiency standards, can no longer fit into
the existing vault space and therefore requires a significant investment to increase the size of the
vault. (EEI, No. 10 at p. 3-4) APPA recommend DOE explore these limitations and if needed,
separate these space constrained distribution transformers into a separate equipment class.
(APPA, No. 16 at p. 3)

DOE stated in the April 2013 Standards Final Rule that there is no technical barrier that
prevents network, vault-based, and submersible distribution transformers from achieving the
same levels of efficiency as other liquid-immersed distribution transformers. 78 FR 23336,
23356-23357. Additional costs may be incurred when a replacement distribution transformer is
larger than the original distribution transformer and does not allow for the necessary space and
maintenance clearances. Rather than separate these distribution transformers into a new
equipment class in the April 2013 Standards Final Rule, DOE included the additional costs for
vault replacements in the LCC analysis. Id. These costs are not applied to network distribution
transformers located outside of vaults. Id.

In this preliminary analysis, based on new findings, DOE examined the impacts to
network and vaultdistribution transformers and addressed the potential additional costs for any
required vault expansion as a LCC sensitivity as described in section 2.13.2.

DOE requests comment and data to characterize the relationship between volume and
efficiency for vault distribution transformers. In particular, DOE requests comment regarding
options a customer is likely to explore before incurring the cost of expanding a vault, e.g., using
a lower-loss steel grade, substituting copper windings for aluminum, using a less-flammable

insulating fluid with lower volume and higher temperature rise.
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2.4.2.4 Multi-Voltage-Capable Distribution Transformers

Eaton and NEMA both suggested multi-voltage-capable distribution transformers as an
equipment class setting factor if efficiency standards increase. (Eaton, No. 12 at p. 5; NEMA,
No. 13 at p. 4) Eaton stated that when the voltage values present are in non-integer ratios,® a
portion of the coils go unused, thus reducing the space efficiency of the coils and corresponding
ability of distribution transformers to achieve higher efficiencies. (Eaton, No. 12 at p. 5)

In the April 2013 Standards Final Rule, DOE acknowledged stakeholder concern that
establishing a separate equipment class for dual-voltage units could create a loophole whereby a
single voltage unit is more expensive than a dual-voltage unit for which one of the voltages is the
same as the single voltage unit because the dual-voltage unit is subject to a less stringent
standard. 78 FR 23336, 23359. This concern continues to be present for both dual- and multi-
voltage distribution transformers. For this preliminary analysis, DOE did not evaluate dual- and
multi-voltage capability as a separate equipment class.

DOE requests comments and data characterizing: (1) typical loss increase associated with
multi-voltage distribution transformers at different voltages; (2) characteristic load loss
differences for multi-voltage distribution transformers with both integer (e.g. 7200x14400) and
non-integer voltage values to enable contrast; (3) how to distinguish multi-voltage distribution
transformers where voltage ratings are designed to accommodate different nominal line voltages

as opposed to “taps” design to fine-tune a given nominal line voltage.

2.4.2.5 Data Center Distribution Transformers

DOE has identified an additional potential class setting factor based on whether a
distribution transformer is designed for use in a data center distribution center.

During negotiations that took place as part of the April 2013 Standards Final Rule,
participants noted that distribution transformers designed for data centers may experience
disproportionate difficulty in achieving higher efficiencies due to certain features, namely inrush
current limitation, that may affect consumer utility. 78 FR 23336, 23358. DOE considered a
definition and separate equipment class for “data center transformers,” but did not propose a
separate equipment class for several reasons, including (1) the proposed definition listed several
factors unrelated to efficiency; (2) risk of circumvention; (3) data center operators are generally

® For example, a primary winding low voltage configuration of 7200 V and a primary winding high voltage
configuration of 14400 V represents a 2 times increase in voltage. Whereas a primary winding low voltage
configuration of 7200 V and a primary winding high voltage configuration of 13200 V represents a non-integer
increase in voltage leaving some portion of the coil unused.
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interested in high efficiencies to reduce their electricity costs; and (4) data center operator can
take steps to limit in-rush current external to the data center transformer. Id.

NEMA stated that with the growth of data centers, the market has shifted for LVDTs
from 300 kVA distribution transformers to 750 or 1000 kVA distribution transformers. (NEMA,
No. 13 at p. 6) Manufacturers commented in interviews that with the growth of cloud computing
technology in the past decade, data center distribution transformers have become more prevalent
and are increasingly manufactured at higher kVA values. Further, data center distribution
transformers often carry unique operating patterns compared to most distribution transformers.
Namely, data center distribution transformers are larger than most other LVDTSs, are operated at
very high loading (greater than 75 percent) for the vast majority of their lifetime, and have much
shorter lifespans than other distribution transformers.

Data center distribution transformers may be designed to be more efficient than current
efficiency standards require because of the value of reduced electricity costs and a reduction in
cooling needed, in the data center environment. Current regulations requiring LVDTSs to meet
efficiency standards at 35 percent PUL may require data center distribution transformers to be
optimized at lower PULSs than they otherwise would. However, DOE still has the same concerns
as the April 2013 Final Rule, namely that a sufficient definition does not exist that would
characterize the physical features of data center transformers while eliminating the risk that
establishing a data center equipment class could be a loophole for general use distribution
transformers. 78 FR 23336, 23358 Therefore, for this preliminary analysis, DOE did not consider
a separate equipment class for distribution transformers designed for data centers. DOE will
continue evaluating the market and application of such distribution transformers to determine if
consideration of a separate equipment class is warranted.

DOE requests comment and data on the physical features that distinguish data center
distribution transformers from LVDTs generally, including any specific characteristics or

industry definitions that could be used to establish a definition for “data center transformer.”

DOE requests comment and data on the changes in the data center distribution

transformer market since the April 2013 Standards Final Rule.

DOE requests comment and data on the average PUL of data center distribution

transformers.
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DOE requests comment and data on the typically efficiency of data center distribution
transformers at their operational PUL. Including the typical specifications customers provide

when requesting a data center distribution transformer.

DOE requests comment and data on the typical lifespan of a data center distribution

transformer.

2.4.3 Additional Potential Class Setting Factors

2.4.3.1 Basic Impulse Level

Distribution transformers are built to carry different basic impulse level (“BIL”) ratings.
BIL ratings offer increased resistance to large voltage transients, for example, from lightning
strikes. Due to the additional winding clearances required to achieve a higher BIL rating, high
BIL distribution transformers tend to be less space efficient, leading to higher costs and be less
able to achieve higher efficiencies. DOE separates medium-voltage dry-type distribution
transformers into equipment classes based on BIL ratings. 10 CFR 431.196(c). In the June 2019
Early Assessment RFI, DOE requested comment on if liquid-immersed distribution transformers
should also have equipment classes separated by BIL. 84 FR 28239, 28245

NEMA commented that there is currently no need to separate liquid-immersed
distribution transformers into equipment classes based on their BIL rating. (NEMA, No. 13 at p.
4) NRECA and HVOLT commented that division of liquid-immersed distribution transformers
based on BIL would complicate compliance for minor differences in losses. (HVOLT, No. 2 at p.
3; NRECA, No. 15 at p. 2) Eaton commented that at present efficiency levels, further equipment
classes aren’t needed, but commented that higher standards may require creating a new
equipment class for high BIL distribution transformers. (Eaton, No. 12 at p. 6)

For the preliminary analysis, DOE has not considered additional equipment classes based
on BIL rating for liquid-immersed distribution transformers.

Regarding dry-type distribution transformers, Hammond recommended DOE apply an
upper limit on the BIL of 199 kV to reflect the limitations of high BIL distribution transformers
and increase the scope for 3-phase dry-type distribution transformers to cover up to 7500 kVA
which would align with the NRCAN regulations. (Hammond, No. 6 at p. 4)

For the preliminary analysis, DOE has not considered additional equipment classes based
on BIL rating because implementing a 199 kV BIL upper limit would remove currently covered
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equipment from the scope of this rulemaking and only considered the current distribution
transformer kVA ranges.

DOE requests data on the change in efficiency associated with higher BIL ratings for
distribution transformers and the volume of dry-type distribution transformers sold with BIL

ratings above 199 kV.

2.4.4 Technology Assessment

As part of the market and technology assessment, DOE developed a list of technologies
for consideration for improving the efficiency of distribution transformers. DOE typically uses
information about existing and past technology options and prototype designs to determine
which technologies manufacturers use to attain higher performance levels. These technologies
encompass all those DOE initially identified as technologically feasible.

Increases in distribution transformer efficiency are based on a reduction of distribution
transformer losses. There are two primary varieties of loss in distribution transformers: no-load
losses and load losses. No-load losses are roughly constant with PUL and exist whenever the
distribution transformer is energized (i.e., connected to electrical power). Load losses, by
contrast, are zero at 0 percent PUL but grow quadratically with PUL.

No-load losses occur primarily in the transformer core, and for that reason the terms “no-
load loss” and “core loss” are sometimes interchanged. Analogously, “winding loss” or “coil
loss” is sometimes used in place of “load loss” because load loss arises chiefly in the windings.
For consistency and clarity, DOE will use “no-load loss” and “load loss” generally and reserve
“core loss” and “coil loss” for when those quantities expressly are meant.

Measures taken to reduce one type of loss typically increase the other type of loss. Some
examples of technology options to improve efficiency include: (1) Higher grade electrical core
steels, (2) different conductor types and materials, and (3) adjustments to core and coil
configurations. In the June 2019 Early Assessment RFI, DOE identified and sought feedback on
the applicable technologies and designs which have the potential to improve the energy
efficiency of the identified equipment classes. 85 FR 28239, 28245-28246. A detailed discussion
of these technologies is given in chapter 3 of the TSD and they are listed below in Table 2.4.3
and Table 2.4.4.
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Table 2.4.3  Previously Considered Technology Options and Impacts of Increasing
Distribution Transformer Efficiency for the April 2013 Standards Final Rule

Technology | No-Load Losses ‘ Load Losses | Cost Impact
To decrease no-load losses:
Use lower-loss core materials | Lower ‘ No Change | Higher
Decrease flux density by:
Increase core cross-sectional area (CSA) Lower Higher Higher
Decreasing volts per turn Lower Higher Higher
Decrease flux path length by decreasing conductor
CSA Lower Higher Lower
Use 120°symmetry in three-phase cores Lower No Change TBD
To decrease load losses:
Use lower-loss conductor material No change Lower Higher
Decrease current density by increasing conductor
CSA Higher Lower Higher
Decrease current path length by:
Decreasing core CSA Higher Lower Lower
Increasing volts per turn Higher Lower Lower

Table 2.4.4  Potential Additional Technology Options for Distribution Transformers
Technology

Core Deactivation
Symmetric Core
Less-flammable insulating liguid.

DOE sought comment in the June 2019 Early Assessment RFI as to whether there have
been sufficient technological or market changes since the April 2013 Standards Final Rule that
justify more stringent standards. 85 FR 28239, 28246.

NEMA, EEI, Hammond, Schneider, NRECA, Powersmiths, APPA, and HVOLT
commented that there have not been sufficient enough technological advancements since the last
rulemaking to justify increased efficiency standards. (NEMA, No. 13 at p. 5; EEI, No. 10 at p. 2;
Hammond, No. 6 at p. 6; Powersmiths, No. 3 at p. 2; Schneider, No. 8 at p. 4; NRECA, No. 15 at
p. 2; APPA, No. 16 at p. 2; HVOLT, No. 2 at p. 3) Powersmiths commented that any new
technologies that add complexity beyond simply changing the core and coils, such as fan
cooling, have failed in the market because the added maintenance and reduced reliability offset
any first cost or operating cost savings. (Powersmiths, No. 3 at p. 2).

Hammond suggested that single phase dry-type distribution transformers, for which
standards were not amended in the previous rulemaking, could easily achieve economically
justified higher standards by using distributed gap core technology and common steel grades.
(Hammond, No. 6 at p. 6) Hammond claimed it is already selling distribution transformers with
efficiencies above the minimum required by DOE. Id. LVM commented that it is especially
important for efficiency standards to increase for all dry-type distribution transformers because
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they are typically purchased by contractors that are more sensitive to first costs as opposed to
total ownership cost. (LVM, No. 18 at p. 1)

Many commenters stated that some technology and market changes have occurred and
therefore DOE proceeded with this preliminary analysis. Several commenters provided more
detailed comments on the feasibility of specific technology options listed in Table 2.4.3 and
Table 2.4.4, discussed below.

2.4.4.1 Core Deactivation

In the June 2019 Early Assessment RFI, DOE discussed core deactivation as a potential
technology for improving efficiency. 85 FR 28239, 28246. Core deactivation technology uses a
system of smaller distribution transformers to replace a single, larger distribution transformer.
Core deactivation technology has a control unit constantly monitor the system’s power output,
and based on the efficiencies of each combination of distribution transformers for any given
loading, the control unit operates the optimal number of distribution transformers to minimize
energy loss. For example, three 25 kVA distribution transformers could be operated in parallel
and replace a single 75 kVA distribution transformer. Because no-load losses dominate when
distribution transformers are lightly loaded and because 25 kVA distribution transformers have
fewer no-load losses than 75 kV A distribution transformers, the core deactivation technology
could be used to shut off two 25 kVA distribution transformers and instead increase the PUL on
one of the 25 kVA distribution transformers when there is low distribution transformer loading to
reduce total losses.

EM Consulting described core deactivation technology as a means to control the dry-type
distribution transformers installed within an electrical distribution grid of a single site (like
commercial buildings). (EM Consulting, No. 9 at p. 1) It estimated return on investment for
operating this program was around 3.5 years with potential energy savings of 0.75 percent of the
whole building construction and removal of the need for 60 percent of dry-type distribution
transformers. (EM Consulting, No. 9 at p. 1) EM Consulting referenced a study conducted in
Canada that demonstrated the potential energy savings possible through power flow
optimizations, like core deactivation technology. (EM Consulting, No. 9 at p. 1) Hammond
commented that core deactivation has potential and asserted that the technology demonstrates
that there is a much bigger efficiency gain from correctly sizing distribution transformers and
optimizing power flow than just increasing standards. (Hammond, No. 6 at p. 5)

HVOLT and Powersmiths questioned whether the decrease in no-load loss with core
deactivation technology would overcome the increase in load losses associated with increased
loading on a single distribution transformer. (HVOLT, No. 2 at p. 3; Powersmiths, No. 3 at p. 2)
NRECA and Powersmiths commented that the increased complexity of such an approach seems
likely to reduce the reliability of the system in practice. (NRECA, No. 15 at p. 2; Powersmiths,
No. 3 atp. 2)

In the April 2013 Standards Final Rule, DOE acknowledged that core deactivation
applied to a bank of distribution transformers may save energy over a single unit. 78 FR 23336,
23360. DOE explained that each constituent distribution transformer in the distribution
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transformer bank must comply with the applicable energy conservation standard if it is subject to
the DOE regulations. Id.

Based on DOE’s review of the market, this technology is not widespread in industry. EM
Consulting stated that the potential impact of such a concept on the Canadian Electrical Code,
National Energy Code, other CSA standards, and electrical distribution grid within commercial
buildings has not yet been investigated. (EM Consulting, No. 9 at p. 1) Given the uncertainty in
the industry and governmental institutions regarding this technology and the lack of data in the
United States, DOE has not considered the use of core deactivation technology in the analysis
conducted for this preliminary analysis.

DOE seeks comment on any regulatory challenges that may be presented in
implementing core deactivation or similar power flow optimization technologies. Specifically,
DOE requests comment on any governmental or industrial codes that would prohibit

implementation of these technologies.

NEMA stated that future energy saving opportunities lie in system level optimizations,
such as core deactivation technology. (NEMA, No. 13 at p. 5) NEMA cautioned that any
modification to the method of calculating efficiency for distribution transformers in a way that
would place increased value on no-load losses would be contrary to the goals and benefits of
core deactivation practices. (NEMA, No. 13 at p. 4)

For this preliminary analysis, DOE has not proposed changes to the calculations of
efficiency as stated in section 2.3.

2.4.4.2 Symmetric Core

In the April 2013 Standards Final Rule, DOE identified several companies that were
exploring three-phase distribution transformers with symmetric cores- those in which each leg of
the distribution transformer is identically connected to the other two. 78 FR 23336, 23360. These
symmetric cores use a continuously wound core with 120-degree radial symmetry, resulting in a
triangularly shaped core when viewed from above. DOE stated that while symmetric core
technology may offer a lower-cost path to higher efficiency, DOE was unable to secure
sufficiently robust cost, performance, or reliability data for an energy conservation standard. 78
FR 23336, 23361-23362. Therefore DOE did not include symmetric core designs in the previous
rulemaking. Id.

DOE requested further data on symmetric core design in the June 2019 Early Assessment
RFI. 84 FR 28239, 28246-28247 DOE did not receive any data or any comments related to the
feasibility of symmetric core analysis. Further, through conversations with manufacturers, DOE
has learned that while the technology still exists and has some potential to improve energy
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efficiency, manufacturers stated there were insufficient benefits to overcome the manufacturing
and maintenance challenges of the technology. While symmetric core technology may have
theoretical advantages, DOE does not have sufficient data to include it in this preliminary
analysis.

2.4.4.3 Less-Flammable Liquid-Immersed Distribution Transformers

DOE requested comment on its analysis of less-flammable insulating liquid technology
for liquid-immersed distribution transformers in the June 2019 Early Assessment RFI. 84 FR
28239, 28246. These distribution transformers use an insulating fluid with a higher flash point
than traditional mineral oil and can therefore reduce the risk of fire or explosion in situations
where traditional liquid-immersed distribution transformers would be of concern. DOE explained
that it previously concluded there were no efficiency disadvantages to using these less-
flammable insulating liquid and it may in fact have efficiency advantages. 78 FR 23336, 23355.
NRECA agreed with DOE’s position that less-flammable insulating liquid are a safety
improvement that can be used in place of mineral oil with no adverse impacts aside from higher
costs. (NRECA, No. 15 at p. 2)

For this preliminary analysis, DOE did not specifically investigate less-flammable liquid-
immersed distribution transformers. DOE did not receive any comments suggesting
manufacturers using less-flammable liquid-immersed distribution transformers would have
increased difficulty meeting efficiency standards. Further, manufacturer comments in interviews
suggested that less-flammable liquid-immersed distribution transformers are generally not seen
as a replacement for applications where dry-type distribution transformers would be used.
Rather, it is used as a safety improvement in traditional mineral oil filled liquid-immersed
applications.

DOE is aware of industry efforts to use the increased thermal protections associated with
less-flammable liquid-immersed distribution transformers as a means of increasing the capacity

of the distribution transformer without increasing the size!°. Based on DOE’s current review of
the market, this is not currently a widespread practice.

DOE requests comment and data regarding less-flammable liquid immersed distribution
transformers, including the effects that increased thermal protection may have on DOE’s

reference temperature rise when evaluating transformer efficiency.

10 |EEE Transformer Committee, “Discussion of New Dual Nameplate kVA for Distribution Transformers,” Fall
2020. https://grouper.ieee.org/groups/transformers/subcommittees/distr/EnergyEfficiency/F20-DOETaskForce-
DualkVA-Traut.pdf
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DOE requests comment and data on the difference in k\VA capacity that can be achieved
by allowing less-flammable liquid immersed distribution transformers to operate at greater

design temperature rise values.

DOE requests comment and data regarding the prevalence of less-flammable liquid-
immersed distributions transformers. In particular, how commonly they are substituted for
traditional liquid-immersed distribution transformers of greater k\VA rating and how commonly

they are substituted for traditional dry-type distribution transformer applications.

2.4.5 Electrical Steel Technology and Market Assessment

The main material choices that impact the efficiency of distribution transformers are the
materials used for the transformer windings and the material used for the transformer core. For
transformer windings, two base materials are commonly used in industry, aluminum and copper.
Using copper windings decreases the resistivity of the windings and therefore reduces the load
losses of the transformer. The choice between aluminum and copper windings often comes down
to the relative price between the two, both of which are materials in the larger commodity
market.

Distribution transformer cores are constructed from a specialty kind of steel known as
electrical steel. Electrical steel is an iron alloy which incorporates a small percentage of silicon to
enhance its magnetic properties, including increasing the magnetic permeability of the material
and reducing the iron losses associated with magnetizing that steel. Electrical steel is typically
produced in thin laminations which are then sliced and either wound or stacked in the core of a
distribution transformer. Broadly, electrical steel can be categorized into conventional electrical
steel and amorphous steel. These categorizations are discussed more in depth in TSD chapter 3.

In the past decade, the electrical steel market has been the subject of trade disputes and
tariff actions®!. In the April 2013 Standards Final Rule, DOE noted that “the potential for
significant disruption in the steel supply market at higher efficiency levels was a key element” in
deciding the final energy efficiency standard level. 78 FR 23336, 23383. Amongst DOE’s
concerns were that only one global supplier of amorphous steel existed and a lack of suppliers of
high-efficient grain-oriented electrical steels. Id.

11 See e.g., Grain-Oriented Electrical Steel from Germany, Japan, and Poland, Inv. Nos. 731-TA-1233, 1234, and
1236, USITC PUB. 4491 September 2014.
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In the June 2019 Early Assessment RFI DOE requested comment on the quality,
capacity, and market conditions of both amorphous and grain-oriented electrical steel. 84 FR
28239, 28247.

Metglas commented that presently there is only one domestic producer of conventional
steels and one domestic producer of amorphous steels. (Metglas, No. 11 at p. 5) It stated that
higher efficiency levels are now warranted given that the amorphous steel market has gotten
more competitive, with the addition of several Chinese producers of amorphous steel since the
last rulemaking, and given that amorphous steel is especially advantageous at real world loading
conditions. (Metglas, No. 11 at p. 1-2) The Efficiency Advocates commented that DOE’s
investigation of efficiency levels above the current standard for the April 2013 Standards Final
Rule demonstrated a positive NPV and were only not set higher due to concerns over the steel
market. (Efficiency Advocates, No. 14 at p. 2-3) Several commenters gave more specific
comments on both amorphous steel and conventional electrical steel, discussed in more detail
below.

2.4.5.1 Amorphous Steel

Amorphous steel is a type of electrical steel that is produced by rapidly cooling molten
alloy such that crystals do not form. The resulting product is thinner than conventional electric
steel and has lower core losses as compared to conventional electrical steel, but reaches magnetic
saturation at a lower flux density than conventional electrical steels. In the previous rulemaking,
amorphous designs were used in the max-tech designs. 78 FR 23336, 23402-23407. However,
commenters expressed concern over the fact that there was only one global supplier of
amorphous, which lacked the capacity to supply the entire industry, the increased size of
amorphous distribution transformers relative to conventional electrical steel, and the quality of
the amorphous product to consistently produce quality distribution transformer cores. 78 FR
23336, 23381-23386.

Amorphous Steel Technology Assessment

DOE stated in the June 2019 Early Assessment RFI based on its preliminary review of
the market, the brittleness, stacking factor, and flux density of amorphous steel from China has
improved and these companies have increased their amorphous steel width offerings to better
match the U.S. market. 84 FR 28239, 28247. DOE requested comment on the current state of
amorphous steel quality. 1d.

NEMA stated that minor improvements have been made but insufficient for the entire
industry to rely on amorphous material as there remains concerns with the quality of certain
amorphous steel imports. (NEMA, No. 13 at p. 6) NEMA stated that it is not aware of any future
improvement in quality. Id.

Eaton and LVM commented that amorphous steel has seen a reduction in brittleness, an
increased stacking factor and an increased flux density since the last rulemaking. (Eaton, No. 12
atp. 7; LVM, No. 18 at p. 1) Metglas commented that it now offers a next generation amorphous
steel with improved ductility, lamination factor and flux density while Chinese competitors have
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also improved their products, sufficient for meeting max-tech from the previous rulemaking.
(Metglas, No. 11 at p. 4-5) Metglas also claims that within the next five years, it expects
incremental improvements in core loss, thickness optimization, and strip widths. (Metglas, No.
11 at p. 5) LVM added that amorphous cores, in addition to being higher efficiency than
conventional steel, have the same cost or are cheaper to convert to a finished core as compared to
conventional steels. (LVM, No. 18 at p. 1)

DOE has identified two types of amorphous steel as possible technology options for
inclusion in distribution transformers. The first technology option DOE has designated as “am”
and is identical to the “SA1” material that was included in the April 2013 Standards Final Rule.
This material is now offered by multiple suppliers from several countries as described below and
therefore some of the concerns over the lack of suppliers should be alleviated. DOE also is aware
of a second type of amorphous steel designated in this preliminary analysis as “hibam” or “high-
permeability amorphous steel.” DOE is only aware of one manufacturer of this high-permeability
amorphous steel.'? Based on discussion with distribution transformer manufacturers and DOE’s
research, the high-permeability amorphous steel is slightly thicker and while it offers similar core
loss properties at identical flux to the traditional amorphous steel, it is able to operate at a higher
flux density. This gives manufacturers increased flexibility when designing distribution
transformer and can allow them to reduce the size of the amorphous cores. These technology
abbreviations and technology descriptions are included in Table 2.4.5 and discussed in further
detail in TSD chapter 3.

Table 2.4.5 Potential New Amorphous Steel Options for Distribution Transformers

DOE Designator in Design Options Technology
am Traditional Amorphous Steel
hibam High-Permeability Amorphous Steel

DOE requests comment and data on the quality, including stacking factor, core loss data,

and operating flux density of the different amorphous steels available on the market.

Amorphous Steel Market Assessment

In the June 2019 Early Assessment RFI, DOE stated that it had preliminarily identified at
least six companies with amorphous steel mills either in production or at some stage of
development and requested comment and data regarding the barriers to entry for producers of
amorphous steel, their respective production capacities, and the quality of amorphous steel. 84
FR 28239, 28247.

12 DOE is aware of marketing for another derivative of the hibam material that uses mechanical scribing to further
reduce core losses but does not have sufficient data on this derivative or any details on whether it is commercially
available at this time.
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Metglas commented that it is the only current producer of amorphous steel in the United
States, however, there is current production in Japan and China along with amorphous capacity
in Germany and South Korea. (Metglas, No. 11 at p. 2) LVM commented that there are at least
four major foreign amorphous steel producers currently with capacity and two additional
producers coming on-line soon. (LVM, No. 18 at p. 1) Metglas stated distribution transformer
manufacturers have been slow to adopt the technology. (Metglas, No. 11 at p. 2)

Eaton stated that amorphous steel production requires a different production technology
than conventional steel and the capital cost associated with that technology represents a barrier
for conventional electrical steel manufacturers to enter the amorphous market. (Eaton, No. 12 at
p. 6) Eaton asserted that investment in amorphous steel production would “cannibalize”
conventional electrical steel manufacturers existing product offering and reduce the equipment
utilization of existing equipment. (Eaton, No. 12 at p. 6)

In addition to capital barriers for production of amorphous steel, NEMA identified
changes in the manufacturing process needed for producing amorphous cores as another barrier
in the adoption of amorphous steel in distribution transformers. (NEMA, No. 13 at p. 6) NEMA
further claimed, only a subset of manufacturers have the expertise to achieve the potential
benefits. Id.

In the June 2019 Early Assessment RFI, DOE estimated that the current global capacity
for amorphous steel was about 190,000 tonnes. Metglas agreed with DOE’s estimate of capacity
and stated that Metglas could further expand capacity if there was additional market demand.
(Metglas, No. 11 at p. 3)

Several stakeholders identified a rapid growth in the availability of amorphous materials
from China in recent years. Metglas commented that China has added significantly more
amorphous steel capacity. (Metglas, No. 11 at p. 2) NEMA stated that prior to tariffs amorphous
core manufacturers were using companies other than the single company initially identified in
the April 2013 Standards Final Rule for 50 percent of their production. (NEMA, No. 13 at p. 5)

Both NEMA and Howard maintained concern over the availability of amorphous
materials. (Howard, No. 19 at p. 2; NEMA, No. 13 at p. 5) NEMA commented that Chinese
capacity is rising but questioned the extent to which that capacity was serving the U.S. market.
Further, NEMA stated U.S.-China trade relationships could impact the future availability of
Chinese amorphous steel. (NEMA, No. 13 at p. 6) NRECA asserted that without multiple
domestic suppliers of amorphous steel, it would be irresponsible to propose standards that
require its use. (NRECA, No. 15 at p. 2)

While a review of the market identifies several distribution transformer manufacturers
advertising the ability to produce amorphous cores, amorphous steel currently makes up only a
small fraction of the domestic distribution transformer market. Metglas commented that currently
amorphous steel only has about 4 percent market penetration, representing fewer than 4,000
tonnes*?, in the U.S. (Metglas, No. 11 at p. 3)

13 A tonne is equivalent to 1,000 kg, also referred to as a “metric ton.” The spelling “tonne” distinguishes from a
“short ton” of 2,000 Ibs, which is more commonly spelled “ton.”
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In this preliminary analysis, DOE did not apply any capacity constraints on the number of
amorphous distribution transformers that could be selected because amorphous capacity is
currently much greater than amorphous steel demand and there are several suppliers of
amorphous steel. If a new efficiency standard were selected that requires more amorphous than
the current capacity of amorphous cores, there would be additional costs to add or convert
manufacturing lines which would be accounted for in the manufacturer impact analysis, see
section 2.12.

DOE requests comment and data on the global capacity of amorphous steel and how

much of that capacity is available to the U.S. market.

DOE requests comment and data on the cost and time frame to add additional amorphous

capacity.

DOE requests comment and data on the global capacity of amorphous core production

and how much of that capacity is available to the U.S. market.

DOE requests comment and data on the cost and time frame to add additional amorphous

core production capacity.

2.4.5.2 Conventional Electrical Steel

Conventional electrical steel can be further categorized into non-oriented electrical steel
and grain-oriented electrical steel. Non-oriented electrical steel does not control for crystal
orientation and therefore has similar magnetic properties in all directions. This is useful for some
applications, such as in electric motors, however, is no longer commonly used in distribution
transformers due to its lower efficiency. Grain-oriented electrical steel, by contrast, is processed
with tight control over its crystal orientation such that its magnetic flux density is increased in
the direction of the grain-orientation. This single-directional flow is well suited for distribution
transformer applications and therefore grain-oriented electrical steel has become the dominant
core technology in the manufacturing of distribution transformers.

Conventional Electrical Steel Technology Assessment

In the June 2019 Early Assessment RFI, DOE stated that it is aware of a proliferation of a
more advanced grain-oriented electrical steel throughout the distribution transformer industry
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known as high-permeability grain-oriented electrical steel. 84 FR 28239, 28247. High-
permeability grain-oriented electrical steel is able to operate at higher magnetic induction than
conventional grain-oriented electrical steel and typically has lower core losses at identical
induction levels. The performance of grain-oriented steels can be further enhanced by
introducing local strain on the surface of the steels, through a process known as domain-
refinement, such that the core losses are reduced. This process is typically performed with a high
temperature laser, however the core loss benefits provided by this laser treatment do not survive
the high-temperature annealing process necessary to relieve stresses in wound core distribution
transformer designs. Newer domain-refinement technologies utilize mechanical scribing or
chemical etching to create heat-proof, permanently domain-refined steels, the core loss benefits
of which do survive the high temperature annealing.

Several commenters agreed that high-permeability steels have become more widespread
throughout the distribution transformer industry. LVM commented that the performance of
grain-oriented steels has dramatically improved and high-permeability grain-oriented steels are
much more widely available than they were during the previous rulemaking, claiming the current
supply of electrical steel exceed demand. (LVM, No. 18 at p. 1) HVOLT commented that new
alloys with improved magnetic characteristics and lower core losses are available and believes
they will eventually be the future of the industry. (HVOLT, No. 2 at p. 4) Eaton commented that
since the last rulemaking, there has been a significant shift toward higher grade core materials,
including both high-permeability laser and permanent domain-refined steels and amorphous
steel. (Eaton, No. 12 at p. 6) The Efficiency Advocates commented that there have been
significant changes in the steel market and encouraged DOE to investigate new amorphous and
grain-oriented steels. (Efficiency Advocates, No. 14 at p. 3)

With the increase in high-permeability electrical steels, described above, the steel
industry has largely shifted away from the traditional “M” grade designators. Distribution
transformer manufacturers often still use M designators when referencing steels, however, DOE
did not observe a consensus in industry as to what the M grade designates. “M3” for example
was used in the previous DOE rulemaking to describe a conventional, grain-oriented electrical
steel that was 0.23 mm thick. In conversations with manufacturer, “M3” was used to reference
any steel with a 0.23 mm thickness by some manufacturers and by other manufacturers to
reference any steel with similar loss performance as the “traditional” M3 steel regardless of
thickness.

Steel manufacturers have largely adopted a system for high-permeability steels that
includes the steels thickness, a brand specific designator, followed by the guaranteed core losses
of that steel in W/kg at 1.7 Tesla (“T”") and 50 Hz. For example, if Steel Company X offers a
high-permeability grain-oriented steel that is 0.23 mm thick with a guaranteed core loss of 90
W/kg at 1.7 T and 50 Hz, it would be represented as “23SCX090.” The “23” represents 0.23 mm
thickness, the “SCX” is a specific brand designator from Steel Company X, and “090” represents
the core losses. In the U.S., power is delivered at 60 Hz and the flux density can vary based on
distribution transformer design, so the core losses reported in the steel name is not identical to
the performance in the distribution transformer, however, it generally is a good indicator of the
relative performance of different steels.
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DOE has identified numerous conventional steels as possible technology options for
inclusion in distribution transformers, including conventional grain-oriented electrical steel,
high-permeability grain-oriented electrical steel, high-permeability laser domain-refined
electrical steel, and high-permeability permanently domain-refined electrical steel. Further, each
of these subcategories of grain-oriented electrical steels are offered in a variety of thicknesses
and guaranteed core loss values. While DOE has seen some industry standards that provide a
naming convention for distinguishing between conventional grain-oriented, high-permeability
grain-oriented, and domain-refined high-permeability grain-oriented steels, DOE is not aware of
an industry naming convention that further separates the heat-proof domain-refined steels from
the non-heat-proof laser domain-refined steels. Therefore, DOE has identified the steels used in
its analysis using the traditional M-grades for conventional grain-oriented electrical steel and a
steel thickness, type, and losses designator for high-permeability steels. These steel type
designators are described further in Table 2.4.6.

Table 2.4.6  Conventional Steel Type Designators for Distribution Transformers
Technology

DOE Steel Type Designator in Design Options

Conventional (not high-permeability)

M-Grades Electrical Steel

High-Permeability Grain-Oriented Electrical
hib Steel

Non-Heat Proof, Laser Domain-Refined, High-
dr Permeability Grain-Oriented Electrical Steel

Heat-Proof, Permanently Domain-Refined,
High-Permeability Grain-Oriented Electrical
pdr Steel

DOE requests comment on the naming convention used in this preliminary analysis.

Based on conversations with manufacturers, it appears that the industry has largely
settled on the 0.23 mm thickness steel as the predominant steel thickness. Thinner steels are
generally considered harder to work and thicker steels have higher losses. DOE used input from
industry and the brochures of several of the major grain-oriented electrical steel producers to
identify materials for inclusion in its analysis. In general, there is a diverse offering of similarly
performing electrical steels in the global market. DOE has listed the electrical steels considered
in this analysis, in Table 2.4.7.
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Table 2.4.7 Potential New Conventional Steel Options for Distribution Transformers!*

DOE Designator in Technology
Design Options
Conventional Grain-Oriented Electrical Steel
M6 0.35 mm thickness, Conventional Grain-Oriented Steel
M5 0.30 mm thickness, Conventional Grain-Oriented Steel
M4 0.27 mm thickness, Conventional Grain-Oriented Steel
M3 0.23 mm thickness, Conventional Grain-Oriented Steel
M2 0.18 mm thickness, Conventional Grain-Oriented Steel
High-Permeability Grain-Oriented Electrical Steel
23hib090 0.23 mm thickness, High-Permeability Grain-Oriented Steels
0.23 mm thickness, Heat-Proof, Permanently Domain-Refined, High-
23pdr085 Permeability Grain-Oriented Steels
0.23 mm thickness, Laser Domain-Refined, High-Permeability Grain-
23dr080 Oriented Steels
0.23 mm thickness, Heat-Proof, Permanently Domain-Refined, High-
23pdrQ75 Permeability Grain-Oriented Steels
0.23 mm thickness, Laser Domain-Refined, High-Permeability Grain-
23dr075 Oriented Steels
0.20 mm thickness, Laser Domain-Refined, High-Permeability Grain-
20dr070 Oriented Steels

DOE requests data and comment on the performance of the conventional steels shown in

Table 2.4.7 and if there are any better performing steels available on the market

DOE requests comment on the substitutability of the steels shown in Table 2.4.7.
Specifically, DOE requests comment on the technical limitations of substituting any one of the
lower loss steels for any one of the higher loss steels for any given distribution transformer

design

Conventional Electrical Steel Market Assessment

In the April 2013 Standards Final Rule, DOE had concerns about availability of some of
the higher performing conventional steels. Specifically, DOE excluded M3 and permanently
domain-refined wound core designs from its LVDT final analysis and excluded permanently
domain-refined steel from its base case efficiency options. 78 FR 23336, 23366-23377. DOE

14 DOE analyzed some distribution transformer designs using non-oriented electrical steel but their efficiencies were
below current DOE standards and therefore they are not included as possible design options.
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requested comment in the June 2019 Early Assessment RFI regarding whether the same capacity
concerns still exist regarding M3 steel in the LVDT market. 84 FR 28239, 28247.

NEMA commented in response to the June 2019 Early Assessment RFI that supplies of
higher quality steels should be sufficient for LVDTs because the same steels are typically used in
MVDTs but cautioned that the higher quality steels are more expensive. (NEMA, No. 13 at p. 6-
7) HVOLT added that most LVDT manufacturers are using M3 conventional grain-oriented steel
today. (HVOLT, No. 2 at p. 4)

Regarding the conventional steel supply more generally, NEMA stated that supplier
diversity is very important for distribution transformer manufacturers and commented that there
is currently only one domestic producer of grain-oriented electrical steel. (NEMA, No. 13 at p. 5)
NEMA further stated that the current trade environment has made it difficult for distribution
transformer manufacturers to source electrical steels. (NEMA, No. 13 at p. 7) LVM and NEMA
commented that the only domestic producer of grain-oriented electrical steels does not have
capacity of high-grade steel to serve the entire U.S. market, meaning the U.S. would be
dependent on foreign electrical steel producers. (LVM, No. 18 at p. 1; NEMA, No. 13 at p. 6)

In this preliminary analysis, DOE has not applied any capacity limitations in its analysis
of conventional steel design options because stakeholders have not provided any data indicating
where capacity limits would be applicable. In cases where fewer steel suppliers offer a grade of
conventional steel, this would be reflected in higher prices, however, DOE did not explicitly
limit the quantity of a given steel that can be selected in their analysis.

DOE requests comment on the availability of the steel shown in Table 2.4.7 and if any

steels are offered only in limited capacity or from an insufficient number of suppliers.

DOE requests comment and data regarding the performance of steels predominantly
serving the large power transformer market and the ability for those steels to also serve the

distribution transformer market.

DOE requests comment and data regarding the costs for steelmakers to add or convert

capacity from lower performing steels to higher performing steels.

2.5 SCREENING ANALYSIS

The screening analysis (chapter 4 of the TSD) examines various technologies as to:
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(i) Technological feasibility. Technologies incorporated in commercial products or in
working prototypes will be considered technologically feasible.

(ii) Practicability to manufacture, install and service. If mass production of a technology
under consideration for use in commercially-available products (or equipment) and reliable
installation and servicing of the technology could be achieved on the scale necessary to serve the
relevant market at the time of the effective date of the standard, then that technology will be
considered practicable to manufacture, install and service.

(iii) Adverse Impacts on Product Utility or Product Availability.
(iv) Adverse Impacts on Health or Safety.

(v) Unique-Pathway Proprietary Technologies. If a design option utilizes proprietary
technology that represents a unique pathway to achieving a given efficiency level, that
technology will not be considered further.

10 CFR 431.4; 10 CFR part 430 subpart C appendix A section 6(c)(3)(i)-(v).

As described in section 2.4.4, DOE develops an initial list of efficiency-enhancement
options from the technologies identified as technologically feasible in the technology assessment.
Then DOE reviews the list to determine if these options are practicable to manufacture, install,
and service, would adversely affect equipment utility or availability, or would have adverse
impacts on health and safety. In addition, DOE removed from the list technology options that
lack energy consumption data as well as technology options whose energy consumption could
not be adequately measured by existing DOE test procedures. In the engineering analysis, DOE
further considers efficiency enhancement options that it did not screen out in the screening
analysis.

2.5.1 Technology Options Screened Out

In the market and technology assessment (chapter 3 of the TSD), DOE developed an
initial list of technologies expected to have the potential to improve the energy efficiency of
distribution transformers. In the screening analysis, DOE screened out technologies based on the
criteria discussed above. The list of remaining technologies becomes one of the key inputs to the
engineering analysis (discussed subsequently). For reasons explained below, DOE screened out a
number of technologies, listed in Table 2.5.1.
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Table 2.5.1 Screened out Technology Options

Technology Eliminating in Screening Criteria
Practicability to manufacture, install, and
Silver as a Conductor Material service.
Technological feasibility; Practicability to
High-Temperature Superconductors manufacture, install and service.

Technological feasibility; Practicability to
Amorphous Core Material in Stacked Core Configuration | manufacture, install, and service.

Carbon Composite Materials for Heat Removal Technological feasibility.
High-Temperature Insulating Material Technological feasibility.

Technological feasibility; Practicability to
Solid-State (Power Electronics) Technology manufacture, install, and service
Nanotechno|ogy Composites Technological feaSIbIllty

In the June 2019 Early Assessment RFI, DOE requested comment on the screening
criteria it applied and how the criteria relate to the various options included in the technology
assessment section above. 84 FR 28239, 28248 DOE further requested comment on if any of the
technology options listed in Table 2.5.1 would continue to be screened out. Id.

NRECA agreed with DOE’s current screening criteria, stating that if a technology is not
currently incorporated into products, it should be excluded. (NRECA, No. 15 at p. 2) It
commented that it takes time to develop experience with new technologies and rushing them can
lead to safety concerns. Id. NEMA commented that the screening criteria are sufficient. (NEMA,
No. 13 at p. 7) Other stakeholders commented that nothing has changed to justify screening in
any of the technologies listed in Table 2.5.1. (NRECA, No. 15 at p. 2; Hammond, No. 6 at p. 6;
NEMA, No. 13 atp. 7)

EEI and APPA stated that solid-state distribution transformers could eventually represent
a technological improvement that requires DOE to update efficiency standards, however, solid-
state distribution transformers are still currently being researched and are not currently available
in the marketplace. (APPA, No. 16 at p. 2; EEI, No. 10 at p. 2-3) The Efficiency Advocates
asserted that solid-state distribution transformers are beginning to enter the market and offer
higher efficiency and a range of additional features. (Efficiency Advocates, No. 14 at p. 3-4) The
Efficiency Advocates recommended DOE investigate the impact of electric vehicles on the
future price and availability of solid-state distribution transformers as they use similar
technologies and the proliferation of electric vehicles could advance the availability of solid-state
distribution transformers. (Efficiency Advocates, No. 14 at p. 4)

HVOLT commented that silver has similar properties to copper but is extremely cost
prohibitive and should be screened out. (HVOLT, No. 2 at p. 4) HVOLT also commented that
high temperature superconductors require significant infrastructure to remove heat which makes
them unfeasible and therefore should be screened out. (HVOLT, No. 2 at p. 4) HVOLT further
commented that amorphous core material used in stacked cores would result in excessive eddy
losses which would decrease the performance and make the cost and performance unattractive.
(HVOLT, No. 2 at p. 4) HVOLT stated that high temperature insulating materials are finding
some uses in solid and liquid insulation and may be important in high overload applications.
(HVOLT, No. 2 at p. 4)
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DOE did not receive any data indicating that any of these technologies should be
screened in and therefore has maintained them as screened out in this preliminary analysis.

2.5.2 Technology Options Considered Further in Analysis

After screening out technologies in accordance with the provisions set forth in 10 CFR
part 430, subpart C, appendix A, (6)(c)(3) and (7)(b), as referenced by 10 CFR 431.4, DOE
considers using a combination of core steels, winding materials, and core configurations as
viable “design options” for improving energy efficiency of the distribution transformers under
this preliminary analysis. The market and technology assessment (chapter 3 of the TSD) provides
a detailed description of these design options. These design options will be considered by DOE
in the engineering analysis and are listed in chapter 5 of the TSD.

For more details on how DOE developed the technology options and the process for
screening these options and the design options that DOE is considering, see the market and
technology assessment (chapter 3 of the TSD) and the screening analysis (chapter 4 of the TSD).

2.6 ENGINEERING ANALYSIS

The purpose of the engineering analysis (chapter 5 of the TSD) is to establish the
relationship between the efficiency and cost of distribution transformers. There are two elements
to consider in the engineering analysis; the selection of efficiency levels to analyze (i.e., the
“efficiency analysis™) and the determination of product cost at each efficiency level (i.e., the
“cost analysis™). In determining the performance of higher-efficiency equipment, DOE considers
technologies and design option combinations not eliminated by the screening analysis. For the
analyzed equipment class, DOE estimates the baseline cost, as well as the incremental cost for
the equipment at efficiency levels above the baseline. The output of the engineering analysis is a
set of cost-efficiency “curves” that are used in downstream analyses.

Chapter 5 discusses the equipment classes DOE analyzed, the representative baseline
units, the incremental efficiency levels, the methodology DOE used to develop the
manufacturing production costs, the cost-efficiency relationship, and the impact of efficiency
improvements on the considered equipment.

2.6.1 Representative Units Analyzed

Distribution transformers are divided into different equipment classes categorized by
physical characteristics that affect equipment efficiency. Key physical characteristics are: (1)
capacity (kVA rating), (2) voltage rating, (3) phase count, (4) insulation category (e.g., “liquid-
immersed”), and (5) BIL rating. As described in Section 2.4.1, DOE analyzed ten equipment
classes. Furthermore, as discussed, distribution transformer energy use varies with capacity, so
DOE analyzed several capacity ratings for each equipment class to assess how energy use varies
with capacity.
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Because it is impractical to conduct detailed engineering analysis at every kVA rating,
DOE conducts detailed modeling on 14 “representative units” (“RUs”). These RUs are selected
both to represent the more common designs found in the market and to include a variety of
design specifications to enable generalization of the results. The representative units do not map
to equipment classes 1:1. For example, Equipment Class 1 (liquid-immersed; single-phase)
includes 3 RUs. These RUs differentiate the distribution transformers by insulation type (Liquid-
immersed or dry-type), number of phases (single or three), and primary insulation levels for
medium-voltage dry-type distribution transformers (three different BIL levels). These RUs are
unchanged from the April 2013 Standards Final Rule. 78 FR 23336, 23364. These representative
units are listed in Table 2.6.1.

Table 2.6.1 Equipment Classes and Representative Units

EC RU Description Representative Unit
1 1 Liquid-immersed, single-phase, | 50 kVA, 65 °C, single-phase, 60Hz, 14400V primary,
rectangular tank 240/120V secondary, rectangular tank, 95kV BIL.
1 2 Liquid-immersed, single-phase, | 25 kVA, 65 °C, single-phase, 60Hz, 14400V primary,
round tank 120/240V secondary, round tank, 125kV BIL.
L . 500 kVA, 65 °C, single-phase, 60Hz, 14400V primary,
1 3 Liquid-immersed, single-phase 277V secondary, round tank, 150kV BIL.
2 4 Liquid-immersed, three-phase 150 k\(A, 65 °C, three-phase, 60Hz, 12470Y/7200V
' primary, 208Y/120V secondary, 95kV BIL.
1500 kVA, 65 °C, three-phase, 60Hz,
2 5 Liquid-immersed, three-phase 24940GrdY/14400V primary, 480Y/277V secondary,
125kV BIL.
3 6 Dry-type, low-voltage, single- 25 kVA, 150 °C, single-phase, 60Hz, 480V primary,
phase 120/240V secondary, 10kV BIL
4 7 Dry-type, low-voltage, three- 75 kVA, 150 °C, three-phase, 60Hz, 480V primary,
phase 208Y/120V secondary, 10kV BIL
4 8 Dry-type, low-voltage, three- 300 kVA, 150 °C, three-phase, 60Hz, 480V primary,
phase 208Y/120V secondary, 10kV BIL
6 9 Dry-type, medium-voltage, 300 kVA, 150 °C, three-phase, 60Hz, 4160V primary,
three-phase, 20-45 kV BIL 480Y/277V secondary, 45kV BIL
6 10 Dry-type, medium-voltage, 1500 kVA, 150 °C, three-phase, 60Hz, 4160V primary,
three-phase, 20-45 kV BIL 480Y/277V secondary, 45kV BIL
8 1 Dry-type, medium-voltage, 300 kVA, 150 °C, three-phase, 60Hz, 12470V primary,
three-phase, 46-95 kV BIL 480Y/277V secondary, 95kV BIL
8 12 Dry-type, medium-voltage, 1500 kVA, 150 °C, three-phase, 60Hz, 12470V
three-phase, 46-95 kV BIL primary, 480Y/277V secondary, 95kV BIL
10 13 Dry-type, medium-voltage, 300 kVA, 150 °C, three-phase, 60Hz, 24940V primary,
three-phase, 96-150 kV BIL 480Y/277V secondary, 125kV BIL
10 14 Dry-type, medium-voltage, 200_0 kVA, 150 °C, three-phase, 60Hz, 24940V
three-phase, 96-150 kV BIL primary, 480Y/277V secondary, 125kV BIL

2.6.2 Efficiency Analysis

DOE typically uses one of two approaches to develop energy efficiency levels for the
engineering analysis: (1) relying on observed efficiency levels in the market (i.e., the efficiency-
level approach), or (2) determining the incremental efficiency improvements associated with
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incorporating specific design options to a baseline model (i.e., the design-option approach).
Using the efficiency-level approach, the efficiency levels established for the analysis are
determined based on the market distribution of existing products (in other words, based on the
range of efficiencies and efficiency level “clusters” that already exist on the market). Using the
design option approach, the efficiency levels established for the analysis are determined through
detailed engineering calculations and/or computer simulations of the efficiency improvements
from implementing specific design options that have been identified in the technology
assessment. DOE may also rely on a combination of these two approaches. For example, the
efficiency-level approach (based on actual products on the market) may be extended using the
design option approach to interpolate to define “gap fill” levels (to bridge large gaps between
other identified efficiency levels) and/or to extrapolate to the max-tech level (particularly in
cases where the max-tech level exceeds the maximum efficiency level currently available on the
market).

In this rulemaking, DOE is adopting an incremental efficiency (design-option) approach.
This approach allows DOE to investigate the wide range of design option combinations,
including varying the core steel material, primary winding material, secondary winding material,
and core manufacturing technique. This is consistent with the approach that was conducted
during the April 2013 Standards Final Rule. 78 FR 23336, 23364.

In the April 2013 Standards Final Rule, for each representative unit given in Table 2.6.1,
DOE generated hundreds of unique designs by contracting with Optimized Program Services,
Inc. (“OPS”), a software company specializing in distribution transformer design. The OPS
software used two primary inputs: (1) a design option combination, which included core steel
grade, primary and secondary conductor material, and core configuration, and (2) a loss
valuation. DOE examined numerous design option combinations for each representative unit.
The OPS software generated 518 designs for each design option combination based on unique
loss valuation combinations. Taking the loss value combinations, known in the industry as A and
B values and representing the commercial consumer’s present value of future no-load and load
losses in a distribution transformer, respectively, the OPS software sought to generate the
minimum total ownership cost (“TOC”). TOC can be calculated using the equation below.

TOC = Transformer Purchase Price + A x [No Load Losses] + B x [Load Losses]

From the OPS software, DOE received thousands of different distribution transformer
designs. DOE used these distribution transformer designs to create a manufacturer selling price
(“MSP”). The MSP was generated by applying material costs, labor estimates, and various mark-
ups to each design given from OPS. The engineering result included hundreds of unique
distribution transformer designs, spanning a range of efficiencies and MSPs. DOE used this data
as the cost versus efficiency relationship for each representative unit. DOE then extrapolated this
relationship, generated for each representative unit, to all of the other, unanalyzed, kVA ratings
within that same equipment class.

In the June 2019 Early Assessment RFI, DOE requested comment as to whether the depth
and breadth of the engineering design simulations should be increased and whether this method
of conducting the engineering analysis should be maintained in any potential future rulemaking.
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84 FR 28239, 28249 Further, DOE requested comment on if there were any better methods for
establishing a cost efficiency relationship, such as using publicly owned utility bid responses. Id.

NEMA and Hammond generally commented that the method used for the April 2013
Standards Final Rule was sufficient and should be maintained as it gave reasonable results that
were generally agreed upon. (NEMA, No. 13 at p. 8; Hammond, No. 6 at p. 6) NEMA
commented that the depth was adequate but the breadth could be improved by choosing
representative units of more commonly built units. (NEMA, No. 13 at p. 8) HVOLT stated that
the modeled results were generally good and established reasonably close consensus but certain
assumptions did disadvantage certain manufacturers. (HVOLT, No. 2 at p. 4) HVOLT
commented that most of the manufacturers have had their own software and have found greater
accuracy for their manufacturing systems than the generalized results from OPS, but that DOE’s
approach continues to be an effective way of analyzing any future direction. (HVOLT, No. 2 at

p. 4)

DOE notes that in selection of representative units it is not trying to select only the most
commonly built units. Rather, these RUs are selected both to represent some of the more
common designs found in the market and units that would allow for more accurate generalization
and scaling within an equipment class.

DOE requests data and comment on what more commonly built units would better serve

as representative units to increase the breadth of the analysis.

Eaton commented that when the current energy conservation standards went into effect in
2016 some larger distribution transformers with low voltage secondaries either required copper
windings or went extinct. (Eaton, No. 12 at p. 8) Eaton recommended that DOE include
additional high-current designs and space limited designs in its engineering analysis, specifically:
1) Single-phase pole-mount units with 2400 X 7970, dual-voltage primary & 120/240-volt
secondary, in 25kVA, 50kVA and 167kVA; 2) three-phase pad-mount unit with
2400/4160Y/2400X7200/12470Y/2400-volt primary and 480Y/277-volt secondary in 2500k VA;
and 3) three-phase pad-mount unit with 2400-volt primary and 208Y/120-volt secondary in
1500kVA in the engineering analysis. (Eaton, No. 12 at p. 8)

Eaton also commented that the results were thorough, but the use of a Monte Carlo
simulation and probabilistic distributions made it overly complex to verify. (Eaton, No. 12 at p.
8) Eaton stated it would not be opposed to the same or similar approach but recommend a
simplified version be introduced so that the public can verify. Id.

DOE notes that the engineering analysis does not use Monte Carlo simulations. The
engineering analysis produces the cost-efficiency curve that is then used in downstream analyses
(e.g., LCC and PBP). A Monte Carlo simulation is used for the customer-selection model, which
also uses the cost-efficiency curve and is designed to simulate customers purchases. DOE
presents the results of the engineering analysis in TSD chapter 5.
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DOE did not have sufficient data to support whether the addition of the units proposed by
Eaton would best increase the representativeness of the analysis. Given that it is impractical for
DOE to analyze every design possibility, DOE wants to ensure that any additional representative
unit sufficiently increases the representativeness of DOE’s analysis. In this preliminary analysis,
DOE has maintained the representative units presented above. However, DOE is considering
adding additional representative unit(s) if data supports that the current analysis does not
sufficiently represent certain distribution transformers.

DOE requests comment and data explaining why some of the representative units

mentioned by stakeholders are disadvantaged in meeting efficiency standards.

DOE requests data demonstrating the difference in efficiency for these disadvantaged
designs compared to designs that existed prior to the implementation of the most recent

efficiency standards.

DOE requests data on the increase in cost associated with meeting efficiency standards
for the units mentioned by stakeholders. Or if they cannot be built to meet efficiency standards,

DOE requests data demonstrating the maximum efficiency they can achieve.

DOE requests information, and associated data, as to other distribution transformer

designs that may be disadvantaged by potential higher standards.

NRECA commented that the approach fails to consider the differences in PUL for
various applications or of different size units. (NRECA No. 15 at p. 2) NRECA stated that a 50
percent PUL loading level results in greater total load losses when loaded, because
manufacturers are forced to optimize their designs at 50 percent PUL and therefore the goal of
reducing distribution transformer losses is circumvented by a lack of flexibility. (NRECA No. 15
at p. 2) NRECA recommended DOE incorporate a TOC method in its costing method. (NRECA,
No. 15 at p. 2)

DOE’s engineering analysis is not limited to distribution transformers designs optimized
only for 50 percent PUL. Rather, the OPS model optimizes each design option combination over
an array of A and B values. The efficiency of each distribution transformer is then calculated at
50 percent PUL for liquid-immersed and MVDTs and 35 percent for LVDTSs and used to

2-44



generate a cost-efficiency curve. In the LCC and NIA analyses, however, loading over the life of
the distribution transformer is not assumed to be constant at the standard PUL, as explained in
section 2.8. Therefore, the energy savings for distribution transformers operated at the full range
of real world loading are accounted for and a subset of distribution transformers are selected
using the TOC method. Further, while manufacturers may often optimize distribution
transformers to have the lowest first-cost, the energy conservation standards do not require
manufacturers to optimize distribution transformers at the standard PUL.

In the June 2019 Early Assessment RFI, DOE sought comment on the possibility of using
publicly-owned utilities distribution transformer bid data to provide representative design and
pricing data. 84 FR 28239, 28249. Eaton commented that the public utility bid data would be a
good method for cross checking the cost assumptions and DOE could possibly use multipliers if
its numbers are significantly varied from the utility data. (Eaton, No. 12 at p. 8)

For this preliminary analysis, DOE collected publicly available bid data for a variety of
distribution transformers. However, this data was limited in its ability to generate a cost-
efficiency curve for a variety of reasons. First, the available data identified by DOE was limited
to liquid-immersed distribution transformers. Second, there was a lot of variability in the
voltages of identically sized distribution transformers, which makes comparisons between
similarly sized models difficult. Third, most distribution transformers were near the DOE
efficiency minimum while the amorphous designed distribution transformers were significantly
above the DOE efficiency minimum, not allowing for a true cost-efficiency curve. Fourth, much
of the publicly available bid data was prior to 2016, when the last rulemaking went into effect.
Lastly, there was a large variability in price for distribution transformers at every efficiency. This
is likely driven by different constraints of the utility or limitations of the individual bidder. DOE
has presented a sampling of its public utility data as compared to the OPS modeling in TSD
chapter 5.

For this preliminary analysis, DOE maintained the existing distribution transformer
designs from the previous rulemaking and updated the material prices to get an updated
manufacturer selling price. DOE did not include any new designs for the high-permeability
amorphous steel and rather updated the existing traditional amorphous steel designs to current
prices. While there are some design-flexibility advantages to using the high-permeability
amorphous steel, it is only available from a single supplier. Several manufacturers stated in
interviews that they would be hesitant to rely on a single supplier of amorphous material for any
higher volume unit. Further, the high-permeability amorphous steel can be integrated into
manufacturers existing amorphous designs, with minimal changes. Therefore, DOE’s amorphous
transformer designs included in this preliminary analysis represent efficiencies that can be met
with either traditional amorphous steel or high-permeability amorphous steel.

DOE requests comment on its assumption that any design with the high-permeability

amorphous steel could be used in existing amorphous designs with minimal changes.
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DOE also adapted models of conventional steel to reflect some of the lower loss steels
that have come into the market since the previous rulemaking. This was conducted by assuming
the core steel of a previous model was directly swapped for a new lower loss core steel while the
core size, operating flux density, and all other relevant attributes remained the same. For
example, if a design in the last rulemaking used 23dr080 steel at an operating flux of 1.54 T,
DOE generated the results for 23dr075 by multiplying the no-load losses of the 23dr080 design
by that ratio of core losses of 23dr075 steel at 1.54 T over the core losses of 23dr080 steel at 1.54
T. DOE received interview feedback from manufacturers that this would likely generate a valid
design, assuming the core density and stacking factor are not changed, although it may not be the
true optimal design given that a lower loss steel allows more flexibility in the load losses.
Because DOE’s designs cover a wide range of A and B values, this method will generate
sufficiently accurate estimates to include in the engineering analysis. The method for generating
these results is explained in more detail in TSD chapter 5.

DOE requests comment on calculating efficiency for a direct swap of core steel on
existing distribution transformer designs. Specifically, DOE requests data demonstrating how the
distribution transformer efficiency changes if a direct swap is made for a lower loss steel of

identical thickness and with identical operating flux.

2.6.2.1 Core Construction Technique

Similar to the April 2013 Standards Final Rule, DOE examined a number of core
construction techniques in its engineering analysis, including butt-lapping, full mitering, step-lap
mitering, and distributed gap wound construction. See 78 FR 23336, 23362. The method of core
construction changes the core losses by adding additional stresses in the distribution transformer
core where losses can occur. These additional stresses are accounted for in the OPS software by
multiplying the raw core losses (watt of loss per pound of steel at a particular set of conditions)
by a core destruction factor that varies depending on the core construction technique. The exact
core constructions investigated for each design option combination are described in TSD chapter
5.

Distributed gap wound cores typically need a high-temperature annealing process to
relieve some of the stresses associated with the core winding process. As a result of this high-
temperature annealing, laser-scribed domain-refined steels lose the core loss benefits of the
domain-refinement. As such, DOE has not included any laser-scribed domain-refined steels in
any distributed gap wound core design option combinations.

DOE requests comment on its decision to not include any laser-scribed domain-refined

steels in distributed gap wound core designs.
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In the April 2013 Standards Final Rule, DOE was concerned that for some small
manufacturers, the costs of expensive equipment required for core mitering was prohibitive. 1d.
Therefore, the previous analysis of single-phase LVDTSs centered on butt-lapped designs. In
interviews with manufacturers conducted for this preliminary analysis, DOE was told that the
distribution transformer market has had a large increase in the capacity of distribution
transformer core manufacturers. As such, fewer small distribution transformer manufacturers still
produce cores and more commonly purchase them from dedicated core manufacturers. Given the
increase in dedicated core manufacturers, DOE does not expect core construction technologies to
disproportionally impact small businesses.

DOE request comment on its assumptions that core construction techniques no-longer

place a disproportionate burden on small manufacturers.

2.6.2.2 Baseline and Higher-Level Efficiency

To perform engineering analysis, DOE generally selects a baseline model as a reference
point for each equipment class, and measures changes resulting from potential energy
conservation standards against the baseline. The baseline model in each equipment class
represents the characteristics of an equipment typical of that class (e.g., capacity). Generally, a
baseline model is one that just meets current energy conservation standards, or, if no standards
are in place, the baseline is typically the most common or least efficient unit on the market.

With baseline established, DOE selects functionally similar units at higher efficiency
levels within the equipment class. These higher-efficiency units are selected to, as much as
possible, maintain the important attributes of the baseline unit and vary mostly in cost and
efficiency. By subtracting the cost of a higher-efficiency unit from the cost of a baseline unit,
DOE estimates the incremental purchase cost to a distribution transformer buyer.

DOE’s analysis for distribution transformers generally relies on this baseline approach.
However, instead of selecting a single unit for each efficiency level, DOE selects a set of units to
reflect that different distribution transformer purchasers may not choose distribution transformers
with identical characteristics because of differences in applications. The mechanics of the
customer choice model are described further in 2.9.2.

2.6.2.3 Load Loss Scaling

DOE energy conservations standards apply only at a single PUL for a given distribution
transformer equipment class (50 percent for liquid-immersed distribution transformers and
medium voltage dry-type distribution transformers and 35 percent for low-voltage dry-type
distribution transformers). 10 CFR 431.196. However, distribution transformers exhibit varying
efficiency with varying PUL. Distribution transformer losses are separated into “load losses” and
“no-load losses”, the former of which is approximated as a quadratic function of PUL, i.e., load
losses grow in proportion to the square of PUL. 78 FR 23336, 23372. In practice, efficiency
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deviates slightly from this assumption for a variety of reasons, such as differences in temperature
rise. In the June 2019 Early Assessment RFI, DOE requested comment on the validity of using
the quadratic formula to calculate efficiency at differing PULs and whether there is a more
accurate formula to approximate the distribution transformer load losses. 84 FR 28234, 28252.

NEMA and HVOLT commented that the quadratic formula of modeling load losses as a
function of PUL is the most accurate method without analyzing specific designs. (HVOLT, No. 2
at p. 4-5; NEMA, No. 13 at p. 9) NEMA commented that the current reference temperatures in
the test procedure are approximations of the expected winding temperature so any variation from
the quadratic formula would have to be design specific. (NEMA, No. 13 at p. 9) HVOLT gave
the example of high temperature insulation systems leading to a higher ratio of load loss to no-
load loss. (HVOLT, NO. 2 at p. 5)

NRECA commented that it encourages the most accurate means of determining load
losses as a function of PUL, but did not provide an alternative to the DOE approach. (NRECA,
No. 15 at p. 2) DOE did not receive any comments that the quadratic approximation of load
losses was unrepresentative. DOE is maintaining its use of the quadratic relationship between
load losses and PUL when analyzing distribution transformer efficiency across the range of real
world PULSs.

DOE request any comment regarding approximating load losses as a quadratic function

of PUL.

Distribution transformers achieve peak efficiency at the PUL for which no-load loss
equals load loss. This relationship tends to improve the relative cost-effectiveness of amorphous-
and conventional steel-based designs, respectively, at lower and higher PULs. HVOLT
commented that conventional steels are the best option for future distribution transformers, as
electric vehicles and increased air conditioning will increase distribution transformer loading.
(HVOLT, No. 2 at p. 3-4) Metglas asserted that amorphous is the best material for future
distribution transformers because present loading is relatively low and not projected to increase,
meaning a lot of energy could be saved by using amorphous distribution transformers. (Metglas,
No. 11 at p. 6-7)

DOE'’s test procedure requires that liquid-immersed distribution transformers and
MVDTs be tested at 50 percent PUL and LVDTs at 35 percent PUL. 10 CFR 431.193 and
appendix A to subpart K of 10 CFR 431. Therefore, these PULs were used as the basis for
calculating efficiency in the cost-efficiency curve, for which both amorphous and conventional
steels were included as design options.

DOE’s engineering analysis is not limited to distribution transformers designs optimized
only for the standard PUL. Rather, the OPS model optimizes each design option combination
over an array of A and B values. The efficiency of each distribution transformer is then
calculated at the standard PUL and used to generate a cost-efficiency curve. In the downstream
analyses, DOE does not assume that distribution transformers are operated solely at the standard
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PUL, rather energy savings are evaluated at the best available loading data over the typical
energy use cycle, as described in section 2.8.

2.6.3 Cost Analysis

The cost analysis portion of the Engineering Analysis is conducted using one or a
combination of cost approaches. The selection of cost approach depends on a suite of factors,
including the availability and reliability of public information, characteristics of the regulated
product, availability and timeliness of purchasing the equipment on the market. The cost
approaches are summarized as follows:

e Physical teardowns: Under this approach, DOE physically dismantles a
commercially available product, component-by-component, to develop a detailed
bill of materials for the product.

e Catalog teardowns: In lieu of physically deconstructing a product, DOE identifies
each component using parts diagrams (available from manufacturer websites or
appliance repair websites, for example) to develop the bill of materials for the
product.

e Price surveys: If neither a physical nor catalog teardown is feasible (for example,
for tightly integrated products such as fluorescent lamps, which are infeasible to
disassemble and for which parts diagrams are unavailable) or cost-prohibitive and
otherwise impractical (e.g. large commercial boilers), DOE conducts price
surveys using publicly available pricing data published on major online retailer
websites and/or by soliciting prices from distributors and other commercial
channels.

In the present case, DOE conducted the analysis by applying materials prices to the
distribution transformer designs modeled by OPS. The primary material costs in distribution
transformers come from electrical steel used for the core and the aluminum or copper conductor
used for the primary and secondary winding. DOE sought to account for the frequent fluctuation
in price of these commodities by examining prices over multiple years.

For the April 2013 Standards Final Rule, DOE used its estimates of both 2010-year and
2011-year prices as references cases for results. 78 FR 23336, 23367. To construct material
prices estimates, DOE spoke with manufacturers, suppliers, and industry experts to determine the
prices paid for each raw material used in a distribution transformer. DOE developed an average
materials price for the year based on the price a medium-to-large manufacturer would pay. Id.
DOE used a similar approach for this preliminary analysis as described in the following
paragraphs.
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2.6.3.1 Conductor Prices

Aluminum and copper are the materials used as conductors. The prices of aluminum and
copper conductor are strongly correlated to the price of the underlying commaodities, which are
tracked in various public indices. In the June 2019 Early Assessment RFI, DOE requested
comment on using public indices, such as those published by the London Metal Exchange
(LME) and CME Group (e.g. COMEX) to extrapolate material prices from 2010 to the present.
84 FR 28239, 28249-28250.

Eaton commented that these price indices do not present reliable data to be used for cost
extrapolation purposes and DOE should use manufacturer interviews. (Eaton, No. 12 at p. 9)
Eaton further commented that the application of tariffs has increased the price of aluminum.
(Eaton, No. 12 at p. 9) DOE has learned based on feedback from manufacturers, despite a 10
percent ad valorem tariff on aluminum produced from certain countries, manufacturers are able
to partially mitigate the impact of these tariffs by changing suppliers.

In this preliminary analysis, DOE used a combination of cost extrapolation from the
public indexes and calibrated the data based on information received in manufacturer interviews.
Further, DOE assumed that the 10 percent aluminum tariff would be partially offset by, e.g.,
changes in sourcing, suppliers’ absorbing some cost, and reduced demand for aluminum
throughout the market. Therefore, in the base-case price scenario, DOE assumed a price increase
of 7.5 percent as a result of aluminum tariffs. DOE also included price sensitivity scenarios in
TSD chapter 5, which include modeling of a market without tariffs on aluminum.

Table 2.6.2 Estimated Conductor Prices

Item and description 2020 Price ($/Ib)
Copper wire, formvar, round #10-20 $3.89
Copper wire, enameled, round #7-10 $4.03
Copper wire, enameled, rectangular sizes $4.22
Copper wire, rectangular 0.1 x 0.2, Nomex wrapped $3.89
Copper strip, thickness range 0.02-0.045 $3.75
Copper strip, thickness range 0.030-0.060 $3.59
Aluminum wire, formvar, round #9-17 $3.75
Aluminum wire, formvar, round #7-10 $3.20
Aluminum wire, rectangular #<7 $3.49
Aluminum wire, rectangular 0.1 x 0.2, Nomex wrapped $2.27
Aluminum strip, thickness range 0.02-0.045 $1.67
Aluminum strip, thickness range 0.045-0.080 $1.70

DOE requests feedback and data on the costs of conductor material presented in Table

2.6.2.
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2.6.3.2 Electrical Steel Prices

The other major material cost for distribution transformers is the cost of the core
electrical steel. While the price of steel often moves with the commodity market, electrical steel
tends to move separately and independently. The prices of electrical steels have experienced
more variation following the implementation of tariffs. In the June 2019 Early Assessment RFI,
DOE requested comment on the electrical steel prices to be used in its analysis. 84 FR 28239,
28249-28251.

Regarding amorphous steel pricing, Metglas commented that there is greater capacity in
the U.S., Canada, and Mexico to convert amorphous steel strip into amorphous cores. (Metglas,
No. 11 at p. 5) Metglas estimated that North American amorphous core capacity could support
20 percent of the liquid-filled distribution transformer market. (Metglas, No. 11 at p. 5) Metglas
further commented that bringing on core making capacity is relatively straight forward and
inexpensive compared to increasing amorphous steel production capacity. (Metglas, No. 11 at p.
5) Further, Metglas commented that amorphous steel cores have decreased in cost since the
previous rulemaking, and a stronger domestic demand would further decrease costs. (Metglas,
No. 11 at p.5)

For the April 2013 Standards Final Rule, amorphous steel was assumed to be purchased
as a finished core, rather than purchased as raw steel. This meant the cost of the amorphous steel
was higher than simple electrical steel, however, DOE included fewer processing adders, such as
core steel scrap, since the cores were assumed to be purchased as a finished product. 78 FR
23336, 23368. While amorphous core production may have increased since the last rulemaking,
Metglas commented that amorphous core capacity could only support 20 percent of the liquid-
filled distribution transformer market, indicating that most manufacturers are not producing their
own amorphous cores, as they typically do with conventional steel. Therefore, for this
preliminary analysis, DOE maintained the assumption that amorphous steel was being purchased
as a finished core.

DOE requests comment and data on its assumption that the majority of manufacturers are

sourcing their amorphous cores rather than producing their own.

DOE requests comment and data on the cost differential to source amorphous cores

compared to producing amorphous cores in-house.

Regarding conventional electrical steel, Eaton commented that the price of domestically
produced electrical steel increased as a result of a manufacturer exiting the electrical steel market
and with the implementation of tariffs. Further, it stated that the prices for high-permeability and
laser scribed domain-refined electrical steel are much higher in the U.S. than in the global
market. (Eaton, No. 12 at p. 9) Hammond commented that steel prices fluctuate with supply and
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demand and with the application of tariffs, however, there hasn’t been a significant difference in
relative prices between steel grades since 2013. (Hammond, No. 6 at p. 7)

DOE did not receive specific price data from stakeholders and instead relied on a
combination of data from a well-known steel market data vendor along with manufacturer
interviews to derive a price for the various steel grades used in DOE’s design option
combinations in this preliminary analysis.

While there is a 25 percent ad valorem tariff on all raw imported electrical steel,
manufacturer responses in DOE interviews and in comments to a Department of Commerce
investigation of imparts of laminations for stacked cores (BIS-2020-0015), manufacturers have
indicated an ability to partially mitigate the impact of tariffs by either purchasing finished cores,
off-shoring their own core manufacturing, or purchasing domestically produced electrical steel®.

DOE assumed that the 25 percent steel tariff would be partially mitigated via changes in
sourcing and purchasing. Therefore, in the base-case price scenario, DOE assumed the tariffs
increased the cost of all electrical steels by 18.8 percent. DOE also conducted price sensitivity
scenarios, shown in the TSD, to model a scenario without tariffs and a scenario with an
expansion of the tariffs to apply to cores and laminations.

Table 2.6.3 Estimated Electrical Steel Material Prices

Item and description ‘ 2020 Price ($/Ib)
Grain-Oriented Electrical Steel
M6 $1.13
M5 $1.10
M4 $1.11
M3 $1.30
M2 $1.43
High-Permeability Grain-Oriented Electrical Steel
23hib090 $1.28
23pdr085 (permanently domain-refined) $1.52
23dr080 (domain-refined) $1.42
23pdr075 (permanently domain-refined) $1.69
23dr075 (domain-refined) $1.69
20dr070 (domain-refined) $1.71
Amorphous Electrical Steel (Finished Cores)
am ‘ $1.84

15 AK Steel, BIS-2020-0015-0075. Available at: https://www.regulations.gov/document/B1S-2020-0015-0075
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DOE requests feedback and data on the costs of electrical steels presented in Table 2.6.3.

Further, DOE request data on the relative costs between lower-loss grades of steel.

DOE requests feedback and data on the relative costs increases associated with the

application electrical steel tariffs.

2.6.3.3 Scrap Factors

DOE applies a variety of core assembly mark-ups depending on the type of steel used in
each design option combination. These markups and a description of what they account for are
given in Table 2.6.4.

Table 2.6.4  Scrap Factor Markups

Item and description Mark-up
Handling and Slitting (%): This markup applies to variable | 1.50%
materials (e.g., core steel, windings, insulation). It accounts
for the handling of material (loading into assembly or
winding equipment) and the scrap material that cannot be
used in the production of a finished distribution transformer
(e.g., lengths of wire too short to wind, trimmed core steel).
Scrap Factor (%): This markup applies to variable materials | 1.00%
(e.g., core steel, windings, insulation). It accounts for the
handling of material (loading into assembly or winding
equipment) and the scrap material that cannot be used in
the production of a finished distribution transformer (e.g.,
lengths of wire too short to wind, trimmed core steel).
Amorphous Scrap Factor (%): This markup accounts for 1.50%
breakage of prefabricated amorphous cores and any scrap
associated with assembling the windings on the core. Since
amorphous cores are assumed to be prefabricated, the
regular scrap and handling factor is reduced.
Mitered Scrap Factor: An additional scrap markup applies | 4.00%
to steel used in mitered or cruciform cores.

For conventional electrical steel, DOE applied the scrap factor and handling and slitting
factor to the material costs of the core steel, winding and insulation. In cases where a mitered
core is used, DOE also applied a mitered scrap factor on the core steel costs, in addition to the
scrap factor and handing and slitting factor. If an amorphous core is used, DOE assumed that the
core was sourced rather than manufactured in-house. Therefore, DOE applied an amorphous
scrap factor that accounts for any scrap associated with the breakage of prefabricated cores along
with any scrap associated with assembling the windings or insulation on the cores.
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DOE requests comment on the appropriateness and magnitude of the mark-ups applied as

material scrap in this preliminary analysis.

In the April 2013 Standards Final Rule, DOE had incorporated a core steel processing
adder to account for the increased costs and retooling costs associated with mitered designs of
low- and medium-voltage dry-type distribution transformers in response to manufacturer
comment. 78 FR 23336, 23368. In this preliminary analysis, DOE maintains the cost adders
(between $0.10 or $0.31 per pound, depending on type of mitering and representative unit)
associated with mitering, which is described in TSD chapter 5.

DOE requests comment on any increased costs associated with mitered, and specifically
step-lap miter, core designs as compared to wound core and butt-lap cores. Further, DOE
requests feedback on the appropriateness and magnitude of any processing mark-ups applied for

mitered core designs.

2.6.3.4 Other Material Prices

In the June 2019 Early Assessment RFI, DOE requested comment on the cost of a variety
of additional materials used in distribution transformer construction. 84 FR 28239, 28249-28251.
DOE did not receive any comment on these materials and therefore relied on using inflators and
feedback from manufacturer interviews to determine the cost.

Table 2.6.5 Estimated Other Material Prices

Item and description 2020 Price ($/Ib)
Nomex Insulation $28.24
Kraft insulating paper with diamond adhesive $2.08
Mineral oil $2.76
Impregnation $25.99
Winding Combs $14.22
Tank/Enclosure Steel $0.35

DOE also included costs for various additional components, including terminals, bus-bar,
mounting frames, bracing, nameplate, duct spacers, and other misc. hardware. These costs
differed slightly for each representative unit and are listed in chapter 5 of the TSD.

DOE requests feedback and data on the cost of the other materials used in distribution

transformer manufacturing listed in Table 2.6.5.
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2.6.4 Markups

2.6.4.1 Factory Overhead

In the April 2013 Standards Final Rule, DOE used a factory overhead markup to account
for all indirect costs associated with production, indirect materials and energy used (e.g.,
annealing furnaces), taxes, and insurance. 78 FR 23336, 23368. DOE applied the cost of factory
overhead by applying a 12.5 percent markup to direct material production costs. This mark-up
was applied prior to the nonproduction markup. Id.

In this preliminary analysis, DOE maintained a factory overhead markup of 12.5 percent
on the direct material production costs and applied that markup prior to the nonproduction
markup.

DOE requests comment on the magnitude and application of the factory overhead mark-

up.

2.6.4.2 Labor

Labor costs are an important aspect of the cost of manufacturing a distribution
transformer. Chapter 5 of the TSD provides detail as to how the number of labor hours were
derived for each distribution transformer design. The number of labor hours for each design was
then multiplied by the fully-burdened labor cost per hour to give a total labor cost for each
design. In the June 2019 Early Assessment RFI , DOE requested comment as to how the price of
labor used to construct distribution transformers has changed since the April 2013 Standards
Final Rule. 84 FR 28239, 28251.

Eaton recommended updating the references relied on by DOE to a more current U.S.
Census Bureau report and consulting with several manufacturers to obtain precise labor data.
(Eaton, No. 12 at p. 9) Hammond commented that labor costs have increased in line with
inflation. (Hammond, No. 6 at p. 7)

DOE initially updated its labor rate estimate based on U.S. Bureau of Labor Statistics
rates for North American Industry Classification System (“NAICS”)16 Code 335311- “Power,
Distribution, and Specialty Transformer Manufacturing” production employee hourly rates and
applied mark-ups for indirect production, overhead, fringe, assembly labor up-time, and a
nonproduction mark-up to get a fully burdened cost of labor. DOE then presented this value to

16 NAICS is the standard used by Federal statistical agencies in classifying business establishments for the purpose
of collecting, analyzing, and publishing statistical data related to the U.S. business economy.

NAICS relies on a production-oriented or supply-based conceptual framework that groups establishments into
industries according to similarity in the processes used to produce goods or services. See,
https://www.census.gov/eos/wwwi/naics/2017NAICS/2017 _NAICS_Manual.pdf.
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manufacturers who thought it was approximately representative, but potentially too low . In this
preliminary analysis, DOE revised their base labor rate estimate to get a fully burdened labor
cost of $80.86 as shown in Table 2.6.6.

Table 2.6.6  Labor Markups for Liquid-Immersed and Dry-Type Manufacturers

Value Markup Percentage 2020 Price ($/Ib)
Base Labor Rate ($/hr) - $21.43
Indirect Production 33% $28.51
Overhead 30% $37.06
Fringe 24% $45.95
Assembly Labor Up-time 43% $65.71
Nonproduction Mark-Up 25% $82.14
Total Cost of Labor $82.14

2.6.4.3 Shipping

In the April 2013 Standards Final Rule, DOE stated that because manufacturers typically
absorb the cost of shipping, shipping costs were included in the manufacturer selling prices. 78
FR 23336, 23368-23369. Previously, DOE used a cost of $0.28 per pound of the overall
distribution transformer. Based on interviews with manufacturers, manufacturers typically do not
calculate shipping costs on a per-pound basis. Rather, shipping cost is a less well-defined
function of several factors, including weight, volume, footprint, order size, destination, distance,
and other, general shipping costs (fuel prices, driver wages, demand, etc.).

Based on interview feedback from manufacturers, a price-per-pound estimate is an
appropriate approximation of shipping costs and reflects the increased shipping costs associated
with larger distribution transformers (i.e., where fewer would fit on a truck.) For this
preliminary analysis, DOE maintained a shipping cost of $0.28 per pound and applied the
nonproduction markup on top of the total shipping costs. These costs are included in the
analyzed manufacturer selling price. This is discussed further in TSD chapter 5.

DOE requests comment on (1) its method for incorporating distribution transformer
shipping costs; (2) its estimated shipping cost of $0.28 per pound; (3) its decision to incorporate
the shipping costs prior to applying a nonproduction mark-up; (4) specific alternative methods of

estimating shipping cost as a function of transformer attributes in addition to weight.

2.6.4.4 Nonproduction Mark-up

To account for manufacturers’ nonproduction costs and profit margin, DOE applies a
nonproduction cost multiplier (the manufacturer markup) to the MPC. The resulting
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manufacturer selling price (“MSP”) is the price at which the manufacturer distributes a unit into
commerce. In the June 2019 Early Assessment RFI, DOE requested comment on maintaining the
use of a manufacturer markup of 1.25 for liquid-immersed, LVDT and MVDT distribution
transformers, consistent with the April 2013 Standards Final Rule.84 FR 28239, 28257-28258.
Powersmiths commented that manufacturers selling above DOE’s minimum efficiency standard
may apply a higher mark-up as a result of having to seek out TOC customers. (Powersmiths, No.
3atp.4)

DOE did not receive any comments recommending a different manufacturer markup. In
this preliminary analysis, DOE maintained a manufacturer markup of 1.25.

2.6.5 Cost-Efficiency Results

The results of the engineering analysis are reported as cost-efficiency data (or “curves”)
in the form of energy efficiency (in percentage) versus MSP (in dollars), which form the basis
for subsequent analyses in the preliminary analysis. DOE developed fourteen curves representing
the fourteen representative units. DOE implemented design options by analyzing a variety of
core steel material, winding material and core construction method for each representative unit
and applying manufacturer selling prices to the output of the model for each design option
combination. See TSD chapter 5 for additional detail on the engineering analysis.

2.7 MARKUPS ANALYSIS

The markups analysis develops appropriate markups (e.g., retailer markups, distributor
markups, contractor markups) in the distribution chain and sales taxes to convert the MSP
estimates derived in the engineering analysis to consumer prices, which are then used in the LCC

and PBP analysis and in the manufacturer impact analysis. At each step in the distribution
channel, companies markup the price of equipment to cover business costs and profit margin.

For distribution transformers, the main parties in the distribution chain differ depending
on the type of distribution transformer being purchased.
2.7.1 Liquid-immersed Distribution Transformers Distribution Channels

For liquid-immersed distribution transformers, which are almost exclusively purchased
and installed by electrical distribution companies, the channels are:

1) Manufacturer > Distributor > Customer Utility

2) Manufacturer > Customer Utility.
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2.7.2 Dry-type Distribution Transformers Distribution Channels

For dry-type distribution transformers, which DOE has assumed are purchased by
commercial and industrial customers, DOE considered the following distribution channel:

1) Manufacturer > Distributor > Electrical Contractor > C&I customer.

In the June 2019 Early Assessment RFI, DOE presented the market share of each of the
distribution channels used in the April 2013 Standards Final Rule and requested comment
whether those assumptions were still accurate. 84 FR 28239, 28252. The market share values are
given in Table 2.7.1.

Table 2.7.1 Distribution Channels for Distribution Transformers

Type Consumer Distribution Channel SPI:/EII??E?’/to)
Investor- Manufacturer — Consumer 82
owned
Liquid- utility Manufacturer — Distributor — Consumer 18
Immersed Publicly-
owned Manufacturer — Distributor — Consumer 100
utility
LVDT All Manufacturer — Distributor — Electrical contractor— 100
Consumer
MVDT All Manufacturer — Distributor — Electrical contractor— 100
Consumer

HVOLT, NRECA, Hammond, and NEMA all commented that the presented market
shares remain reasonable and supported retaining the same distribution channels. (HOVLT, No.
2 at p. 5; NRECA, No. 15 at p. 2; Hammond, No. 6 at p. 7; NEMA, No. 13 at p. 9)

DOE did not receive any comments recommending different distribution channels. In this
analysis, DOE retained the distribution channels and distribution market shares presented in
Table 2.7.1.

DOE developed baseline and incremental markups for each agent in the distribution
chain. Baseline markups are applied to the price of equipment with baseline efficiency, while
incremental markups are applied to the difference in price between baseline and higher-
efficiency models (the incremental cost increase). The incremental markup is typically less than
the baseline markup and is designed to maintain similar per-unit operating profit before and after
new or amended standards.’

17 Because the projected price of standards-compliant products is typically higher than the price of baseline products,
using the same markup for the incremental cost and the baseline cost would result in higher per-unit operating profit.
While such an outcome is possible, DOE maintains that in markets that are reasonably competitive it is unlikely that
standards would lead to a sustainable increase in profitability in the long run.
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DOE relied on RSMeans Electrical Cost Data, and stakeholder input to estimate average
baseline and incremental markups.

DOE did not receive any comments recommending different markups. In this analysis,
DOE retained the markups methodology described in chapter 6 of this TSD.

2.8 ENERGY USE ANALYSIS

The energy use analysis produces energy use estimates and end-use load shapes for
distribution transformers. The energy use analysis estimates the range of energy use of
distribution transformers in the field (i.e., as they are actually used by consumers) enabling
evaluation of energy savings from the operation of distribution transformer equipment at various
efficiency levels, while the end-use load characterization allows evaluation of the impact on
monthly and peak demand for electricity. The energy use analysis provides the basis for other
analyses DOE performed, particularly assessments of the energy savings and the savings in
operating costs that could result from adoption of amended or new standards.

Because the application of distribution transformers varies significantly by type of
distribution transformer (liquid-immersed or dry-type) and ownership (electric utilities own
approximately 95 percent of liquid-immersed distribution 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 distribution 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 distribution
transformers, the analysis assumes that these are owned by commercial and industrial (“C&I”)
entities, 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 distribution transformers and aggregated to the national level
using weights derived from either utility or commercial/industrial building data.

2.8.1 Hourly Energy Use Analysis (Liquid-immersed Distribution Transformers)

For utilities, the cost of serving the next increment of load varies as a function of the
current load on the system. To appropriately estimate the cost impacts of improved distribution
transformer efficiency, it is therefore important to capture the correlation between electric system
loads and operating costs and between individual distribution transformer loads and system
loads. For this reason, DOE estimated hourly loads on individual liquid-immersed distribution
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 distribution
transformer load and system load. Both are estimated at a regional level.
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2.8.1.1 Hourly Loading

In the June 2019 Early Assessment RFI, DOE presented background on how hourly load
estimates were conducted for liquid-immersed distribution transformers during the April 2013
Standards Final Rule and requested comment and sources of data to support its hourly load
model. 84 FR 28239, 28252-28253. NEMA commented that the values used for the April 2013
Standards Final Rule are sufficient and should be retained. (NEMA, No. 13 at p. 10) NRECA
commented that the hourly load analysis makes sense. (NRECA, No. 15 at p. 3) NRECA stated
that the peak load on residential units tends to be briefer than commercial applications and this
should be taken into account. (NRECA, No. 15 at p. 3) HVOLT, Metglas, and NEMA
recommended DOE look at the data collected by the IEEE Distribution Transformer
Subcommittee Task Force. (HVOLT, No. 2 at p. 5; Metglas, No. 11 at p. 1; NEMA, No. 13 at p.
10) Metglas commented that the bottom-up approach used by IEEE shows that the average PUL
is significantly less than DOE’s previous estimates. (Metglas, No. 11 at p. 5-6)

Distribution transformer loading is an important factor in determining which types of
distribution transformer designs will deliver a specified efficiency, and for calculating
distribution transformer losses and the time dependent values of those losses. DOE examined the
data made available through the IEEE Distribution Transformer Subcommittee Task Force.*® For
this analysis, DOE estimated a range of loading distributions for different types of liquid-
immersed distribution transformers based on the analysis done for the April 2013 Standards
Final Rule, supplemented with new data on hourly annual loads from over 65,000 individual
distribution transformers submitted by distribution transformer customers. These data contained
different load profiles for commercial and non-commercial customers in dense- and low-
population areas, including their individual peak-load contributions, which were accounted for in
this analysis. After analyzing these data, DOE found that the PULSs in the most recent data are
lower than the PULSs estimated for the April 2013 Standards Final Rule, as indicated in Table
2.8.1.

Table 2.8.1 Comparison of Annual Average Liquid-Immersed Distribution Transformer
Per-Unit Load

EC 1 (1-phase) EC 2 (3-phase)
RU1 RU 2 RU3 RU 4 RUS5
(50 kVA) (25 kVA) (500kVA) (150 kVA) (1500 kVA)
April 2013 Standards Final Rule 0.340 0.338 0.339 0.433 0.439
2021 Preliminary Analysis 0.290 0.273 0.320 0.295 0.305

18 See: http://grouper.ieee.org/groups/transformers/subcommittees/distr/EnergyEfficiency/F20-DistrTransflLoading-
Mulkey.pdf
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2.8.1.2 Initial Peak Distribution Transformer Loading

DOE used a distribution of values for initial peak loading to characterize the annual peak
load served by each distribution transformer in its simulation. The initial peak loading is the ratio
of the transformer’s peak load in the first year of operation to the transformer’s rated load. In the
April 2013 Standards Final Rule DOE selected a distribution of initial peak loadings that had a
median of 85 percent, a minimum of 50 percent, and a maximum of 130 percent.'® DOE found
these values to be consistent with peak load in the supplied utility load data described in section
2.8.1.1 and maintained these values for this analysis. Given the provision for future growth, and
short-term or emergency loading, initial peak loading usually is less than 100 percent. In
practice, however, there usually is some error in estimating the peak load that will be served, and
engineers generally use a discrete set of transformer ratings that are imperfectly matched with the
expected peak load. Distribution transformers generally are manufactured in discrete
kilovolt-ampere (kVA) ratings and, on average, the next-larger k\VA rating is 50 percent larger
than the next-lower kVA rating (measured relative to the smaller size). Therefore, the initial peak
loading may be as high as 130 percent, because for short periods a transformer can be loaded to
more than 130 percent of nameplate capacity. However, DOE understands that these peak
loading assumptions are determined to satisfy the operations requirements on a per utility basis.
Figure 2.8.1 illustrates the distribution of initial peak loading that DOE used.
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Figure 2.8.1 Distribution of Initial Peak Loading

2.8.1.3 Loss Factor

Transformer PUL is a useful metric for discussing the relative load of a transformer in
relation to its nameplate capacity, however it can be misconstrued as a direct representation of
transformer load losses. In the field, transformers are operated over a diverse range of PULS,

19 See chapter 7 of the TSD for details.
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often with the transformer’s highest PUL being coincident with system peak. As discussed in
section 2.6.2.3, transformer losses increase with the square of the load. This is captured in the
energy analysis as the Loss Factor (“LF), which is the fraction of full-load losses realized by a
transformer and is calculated as:

LF = (RMS Load x Initial Peak Load)?

The distribution of average LF as a function of PUL for RU5 is shown in the density plot
in Figure 2.8.2. This figure clearly shows that for a single average PUL, there is a diversity of
loss factors.
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Figure 2.8.2 Distribution of Average Loss Factors

DOE seeks comment on the national representativeness of the average in-service PULSs

and Loss Factors of liquid-immersed distribution transformers show in Table 2.8.1.

DOE seeks comment on the national representativeness of the distribution of Initial Peak

Load factors shown in Figure 2.8.1.
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2.8.2 Monthly Energy Use Analysis (Dry-type Distribution Transformers)

DOE estimated the range of loading for different types of dry-type distribution
transformers based on the analysis done for the April 2013 Standards Final Rule. Dry-type
distribution 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 distribution transformer efficiency depends on both the load impacts on the customer’s
electricity consumption and demand and the customer’s marginal electricity prices.

In the June 2019 Early Assessment RFI, DOE presented the data sources used during the
April 2013 Standards Final Rule for estimating the PUL for LVDT and MVDTs. 84 FR 28239,
28253-28254. DOE requested comment on the methodology for determining monthly loads for
LVDT and MVDTs and the appropriateness of data sources used in deriving these estimates. Id.
DOE also requested any field or simulated energy use data that would enhance DOE’s analysis.
Id.

HVOLT commented that the 2013 analysis is still reflective of the current environment
and that there are a variety of uses for general purpose LVDTSs so there is no absolute usage
pattern for these distribution transformers. (HVOLT, No. 2 at p. 5) HVOLT also stated that
LVDT PUL would not vary seasonally but MVDT may, depending on the application. (HVOLT,
No. 2 at p. 5) Powersmiths commented that DOE’s current method of extrapolating energy use
from square footage is error-prone and DOE should instead use direct measuring of loading.
(Powersmiths, No. 3 at p. 2) Powersmiths recommended DOE directly measure the loading from
a large sample size of distribution transformers and document the k-factor and the data to
understand how harmonic data impacts losses in the field. (Powersmiths, No. 3 at p. 2-3)
Specifically, Powersmiths recommended that DOE commission a survey of 500 buildings across
different vertical markets to get a more accurate understanding of PUL and losses. (Powersmiths,
No. 3 at p. 3) Hammond commented that many utilities have energy data for each load point by
hour and that these data could guide the methodology. (Hammond, No. 6 at p. 7)

Additionally, in response to the May 2019 TP NOPR, Powersmiths commented that a
field study conducted by The Cadmus Group found that the in-service average RMS loads of 89
low-voltage dry-type distribution transformers had an average PUL of 15.9 percent, and an
average peak PUL of 33 percent.?’ (Powersmiths, EERE-2017-BT-TP-0055 No. 0018-0003 at p.
2)

DOE agrees with Powersmiths that a multi-variate field-metering study to directly assess
the usage of LVDT across different applications would be useful when modeling the monthly
energy use. However, DOE is not considering a large field study of LVDT due to cost and time
constraints. DOE welcomes stakeholders to submit any field-metering data. For this preliminary
analysis, in the absence of new data, DOE approached the monthly energy use analysis using the
same methodology as it did previously in the April 2013 Standards Final Rule.

20 The Cadmus Group, Transformers Efficiency: Unwinding the Technical Potential, D. Korn, A. Hinge, F. Dagher,
C Partrige, 1999.
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DOE requests comment on the findings from The Cadmus Group study cited by
Powersmiths. Specifically, DOE seeks comment on the national representativeness of the
average in-service PUL of 15.9 percent for low-voltage dry-type distribution transformers, and
the data supporting such comment. DOE requests additional information or data regarding the in-

service PUL of low-voltage dry-type distribution transformers.

In this analysis DOE assumes 100 percent of medium-voltage dry-type transformers are
owned and operated by commercial or industrial entities and calculates their energy use on a

monthly basis. DOE request comment on this assumption.

2.8.3 Future Load Growth

While recent loading data can be used to estimate the current PUL of distribution
transformers, DOE performs its energy-use analysis over the lifetime of the distribution
transformer, during which the PUL may change depending on load growth in the future. In the
June 2019 Early Assessment RFI, DOE requested comment and data regarding the estimated
annual 0.5 percent load growth for liquid-immersed distribution transformers, and no annual load
growth for dry-type distribution transformers, used in the April 2013 Standards Final Rule. 84
FR 28239, 28253.

HVOLT commented that while there has not been much load growth in recent years, due
to efficiency improvements in electricity end uses served by utilities, the next 30 years are likely
to see significant load growth due to the electrification of vehicles and heating systems, and the
installation of air conditioning. (HVOLT, No. 2 at p. 5) NEMA commented that the current data
from IEEE has not shown evidence of load growth but that there is little data. (NEMA, No. 13 at
p. 10) Metglas commented that DOE’s assumption of load growth on liquid-immersed
distribution transformers is not correct and current data shows that there is little load growth after
initial installation. (Metglas, No. 11 at p. 1-2) Metglas asserted that all electricity growth comes
from installation of new distribution transformers, rather than load growth on existing
distribution transformers. (Metglas, No. 11 at p. 8) Metglas further asserted that there is some
evidence that PULSs are falling in-line with ongoing efforts to improve the energy efficiency of
products. (Metglas, No. 11 at p. 8) Regarding assertions that the proliferation of electric vehicles
would increase distribution transformer loads, Metglas cited a Solar Energy Industries
Association study that indicates that roof top solar photovoltaic systems will generate more
electricity than electric vehicles will consume, resulting in no net load growth. (Metglas, No. 11
at p. 8) NRECA commented that there is a high degree of uncertainty on future load growth,
because load growth varies among utilities and even within different applications at a given
utility. (NRECA, No, 15 at p. 3) NRECA stated that given this variability DOE’s previous
estimates are as reasonable as any other estimate cited by stakeholders. 1d.
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As indicated by the comments received, that there are many factors that potentially
impact load growth, and that these factors may be in opposition. While many utilities, states, and
municipalities are pursuing electric vehicle charging programs, it is unclear the extent to which
increases in electricity demand for electric vehicle charging, or other state level
electrification/decarbonization efforts, will impact distribution transformer sizing practices (for
example, whether distribution utilities plan to upgrade their systems to increase the capacity of
connected distribution transformers—thus maintaining current loads as a function of distribution
transformer capacity; or if distribution utilities do not plan to upgrade their systems and will
allow the loads on existing distribution transformers to rise). For this analysis, DOE applied a
load growth rate of 0.9 percent, based on U.S. Energy Information Administration (“EIA”™),
Annual Energy Outlook (“AEQ”) 2021 projected electricity sales, to liquid-immersed
transformers, and zero percent for low- and medium-voltage dry-type transformers.

DOE requests comment on its proposed use of AEO 2021 projected electricity sales trend

as a proxy for transformer load growth.

DOE requests comment on its proposed assumption of zero percent load growth on low-,

and medium-voltage dry-type transformers.

2.8.4 Areas of Low Population Density

In rural areas, the number of customers per distribution transformer is lower and may
result in lower PULs. In the April 2013 Standards Final Rule, DOE reduced the PUL by 10
percent for utilities serving counties with fewer than 32 households per square mile.?* In the June
2019 Early Assessment RFI, DOE requested comment and data on the appropriateness of this
adjustment. 84 FR 28239, 28253 Because the utilities serving areas of low population density
might be disproportionally adversely affected by a potential change in the energy efficiency
standards, DOE will examine the consumer impacts of these utilities with a separate life-cycle
cost subgroup analysis as part of the NOPR. (see section 2.13)

Chapter 7 and its appendixes of this TSD provide details on DOE’s energy use analysis
for distribution transformers.
2.9 LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSES

New or amended energy conservation standards affect equipment’s operating expenses—
usually decreasing them—and consumer prices for the equipment—usually increasing them.

2L pUL estimates for utilities serving low population densities were not presented in the final rule Federal Register
notice, but can be found on page 8-16 of chapter 8 of the April 2013 Standards Final Rule Technical Support
Document, available from: https://www.regulations.gov/document?D=EERE-2010-BT-STD-0048-0760.
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DOE analyzes the effect of new or amended standards on consumers by evaluating changes in
LCC of owning and operating the equipment (chapter 8 of the TSD). To evaluate the change in
LCC, DOE used the cost-efficiency relationship derived in the engineering analysis, along with
the energy costs derived from the energy use characterization. Inputs to the LCC calculation
include the installed cost of equipment to the consumer (consumer purchase price plus
installation cost), operating expenses (energy expenses and maintenance costs), the lifetime of
the unit, and a discount rate.

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

DOE developed a sample of utilities that purchase liquid-immersed distribution
transformers, and a sample of commercial and industrial entities that purchase LVDT and
MVDT distribution transformers. By developing such samples, DOE was able to perform the
LCC and PBP calculations for the different installations and consumers to account for the
variability in energy consumption and load-based electricity price associated with actual users of
the considered equipment. Other input values for estimating the LCC include electricity prices,
discount rates, equipment location, equipment lifetime.

In response to the June 2019 Early Assessment RFI, NEMA and Eaton commented that a
simplified methodology should be used to allow the public to more easily review the LCC
estimates. (Eaton, No. 12 at p. 9; NEMA, No. 13 at p. 11) NRECA and HVOLT commented that
the basic methodology is fine, (NRECA, No. 15 at p. 3; HVOLT, No. 2 at p. 5)

To the assertions from NEMA and Eaton that a simplified methodology should be used
for the LCC, DOE notes that many of the complexities added to the LCC were at the request of
stakeholders, and that calculating the total life-cycle costs of distribution transformers is, itself a
complex process. DOE endeavors to transparently address the concerns of all stakeholders in its
analysis, and creating a separate, second, simplified analysis could lead to confusions as to which
analysis DOE would draw its conclusions from. At this point, DOE has no plans to create a
second, simplified methodology and analysis.

For each considered efficiency level in each analyzed equipment class, DOE calculated
the LCC and PBP for a nationally representative set of electric distribution utilities (for liquid-
immersed distribution transformers), and C&lI entities (for dry-type distribution transformers).
DOE developed customer samples from different data sources for each different type of
distribution transformer. For liquid-immersed distribution transformers DOE used data from the
EIA, Annual Electric Power Industry Report, Form EIA-861 (“EIA 861”), and the Federal
Energy Regulatory Commission Form No. 714 - Annual Electric Balancing Authority Area and
Planning Area Report (“Form 714”). 2223 For dry-type distribution transformers DOE used EIA’s
Commercial Buildings Energy Consumption Survey (“CBECS”) and Manufacturing Energy

22 https://www.eia.gov/electricity/data/eia861/, 2015
2 https://www.ferc.gov/industries-data/electric/general-information/electric-industry-forms/form-no-714-annual-
electric/electronic, 2015
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Consumption Survey (“MECS”). For each sample, DOE determined the energy consumption for
the distribution transformers and the appropriate electricity price by analysis time increment
(hourly for liquid-immersed, monthly for dry-type). By developing a representative sample of
customers, the analysis captured the variability in energy consumption and energy prices
associated with the use of distribution transformers experience by consumers.

Inputs to the calculation of total installed cost include the cost of the equipment—which
includes MSPs, retailer and distributor markups, and sales taxes—and installation costs. Inputs to
the calculation of operating expenses include annual energy consumption, energy prices and
price projections, repair and maintenance costs, equipment lifetimes, and discount rates. DOE
created distributions of values for equipment lifetime, discount rates, and sales taxes, with
probabilities attached to each value, to account for their uncertainty and variability. The
computer model DOE uses to calculate the LCC and PBP relies on a Monte Carlo simulation to
incorporate uncertainty and variability into the analysis. The Monte Carlo simulations randomly
sample input values from the probability distributions and distribution transformer user samples.
For this rulemaking, the Monte Carlo approach is implemented in a program developed by DOE.
The model calculated the LCC and PBP for equipment at each efficiency level for 10,000
consumers per simulation run. The analytical results include a distribution of 10,000 data points
showing the range in LCC savings for a given efficiency level relative to the no-new-standards
case efficiency distribution. In performing an iteration of the Monte Carlo simulation for a given
consumer, equipment efficiency is chosen based on either the simulated distribution transformers
TOC or lowest first cost. If the chosen equipment efficiency is greater than or equal to the
efficiency of the standard level under consideration, the LCC and PBP calculation reveals that a
consumer is not impacted by the standard level. By accounting for consumers who already
purchase more-efficient equipment, DOE avoids overstating the potential benefits from
increasing equipment efficiency.

DOE calculated the LCC and PBP for all consumers of distribution transformers as if
each were to purchase new equipment in the expected year of required compliance with new or
amended standards. Currently, DOE estimates publication of a final rule in 2024. For purposes of
its analysis, DOE used 2027 as the first year of compliance with any amended standards for
distribution transformers, if new or amended standards are proposed.

Table 2.9.1 summarizes the approach and data DOE used to derive inputs to the LCC and
PBP calculations. The subsections that follow provide further discussion. Details of the model,
and of all the inputs to the LCC and PBP analyses, are contained in chapter 8 of this TSD and its
appendices.
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Table 2.9.1 Summary of Inputs and Methods for the LCC and PBP Analysis”

Inputs Source/Method
Derived by multiplying MPCs by manufacturer and distributor markups
Equipment Cost and sales tax, as appropriate. Used historical data to derive a price

scaling index to project equipment costs.

Baseline installation cost determined with data from RS Means.
Installation Costs Installation Costs vary with transformer weight for some installations,
otherwise the same costs are used in the baseline, and standard cases.

The total annual energy use multiplied by the hours or months per year.
Average number of hours based on field data.

Annual Energy Use Variability: Based on distribution transformer load data or customer

load data.
Electricity, hourly: Based on EIA’s Form 861 data for 2015, scaled to
2020.
. Electricity, monthly: Based on EEI and tariffs data from 2019, scaled to

Energy Prices 2020
Variability: Regional energy prices determined for EMM and Census
regions.

Energy Price Trends | Based on AEO2021 price by sector projections.

Repair and

Maintenance Costs Assumed no change with efficiency level.

Equipment Lifetime | Distribution with an average: 32 years

DOE estimated a statistical distribution of commercial customer
Discount Rates discount rates that varied by transformer type by calculating the cost of
capital for the different types of transformer owners.

Compliance Date 2027

* References for the data sources mentioned in this table are provided in the sections following the table or in chapter 8 of this
TSD.

2.9.1 Equipment Costs

To calculate consumer equipment costs, DOE multiplied the MSPs developed in the
engineering analysis by the markups described previously (along with sales taxes). DOE used
different markups for baseline equipment and higher-efficiency equipment because DOE applies
an incremental markup to the increase in MSP associated with higher-efficiency equipment.

To forecast a price trend for this analysis, DOE derived an inflation-adjusted index of the
Producer Price Index (“PPI”) for electric power and specialty transformer manufacturing from
1967 to 2019.2* These data show a long-term decline from 1975 to 2003, and an increase since
then. 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

24 For this analysis DOE considered two Produce Price Indexes published by the U.S. Bureau of Labor Statistics for:
Electric power and specialty transformer PPI (PCU335311335311), and Power and distribution transformers PPI
(PCU3353113353111)
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represents the beginning of a long-term rising trend due to global demand for distribution
transformers and rising commodity costs for key distribution transformer components. Given the
uncertainty, DOE chose to use constant prices (2020 levels) for both its LCC and PBP analysis
and the NIA.

DOE requests comment on its assumption to use constant real prices of distribution

between 2020 and 2027 in its LCC analysis.

2.9.2 Modeling Distribution Transformer Purchase Decision

The LCC model uses a purchase-decision model that specifies which of the hundreds of
designs in the engineering database designed to meet a given efficiency level are likely to be
selected by distribution transformer purchasers. 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 distribution transformer designs and costs.?® This set of data provides the
LCC model with a distribution of distribution transformer design choices.

DOE used an approach that focuses on the selection criteria customers are known to use
when purchasing distribution transformers. Those criteria include first costs, as well as the TOC
method. The TOC method combines first costs with the cost of losses. Purchasers of distribution
transformers, especially in the utility sector, have historically used the TOC method to determine
which distribution transformers to purchase.

The utility industry developed TOC evaluation as a tool to reflect the unique financial
environment faced by each distribution 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: 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 June 2019 Early Assessment RFI, DOE requested comment and data on its
previous assumptions that 10 percent of liquid-immersed distribution transformer purchasers use
the TOC methodology. 84 FR 28239, 28254 HVOLT commented that very few customers are
currently using the TOC methodology. (HVOLT, NO. 2 at p. 5) NRECA commented that the
TOC methodology used to be more popular, but with the higher efficiency standards purchasers
found too little benefit to continue using TOC and have switched to first cost. (NRECA, No. 15
at p. 3) Metglas commented that fewer customers are using TOC now and agreed with DOE’s
estimate in the April 2013 Standards Final Rule that only 10 percent of the liquid-immersed
market is using the TOC methodology for purchasing. (Metglas, No. 11 at p. 3) Howard
commented that they have a considerable number of customers using the TOC methodology and
strongly support this approach for customers in higher cost energy areas. (Howard, No. 19 at p.

%5 See chapter 5 of the TSD for details.

26 In modeling the purchase decision for distribution transformers DOE developed a probabilistic model of A and B
values based on utility requests for quotations when purchasing distribution transformers. In the context of the LCC
the A and B model estimates the likely values that a utility might use when making a purchase decision.
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2) NEMA commented that utilities will sometimes use TOC whereas commercial entities do not.
(NEMA, No. 13 at p. 11) DOE did not receive any comments recommending an alternate percent
of purchasers using TOC in the liquid-immersed distribution transformer market.

Similarly, DOE requested comment on its assumption that zero percent of dry-type
distribution transformer purchases were based on TOC. Hammond and HVOLT commented that
TOC evaluations are rare in dry-type purchase decisions, because the purchaser is not the end
user and therefore places little value on efficiency. (HVOLT, No. 2 at p. 5-6; Hammond, No. 6 at
p. 7) Schneider commented that they do not receive requests for distribution transformers above
the DOE standard—indicating that purchases are mostly made not using TOC. (Schneider, No. 8
at p. 5) Powersmiths commented that some customers, perhaps driven by voluntary building
standards, do evaluate TOC but still end up purchasing on first cost. (Powersmiths, No. 3 at p. 3)

Based on the comments, DOE maintained much of its approach from the April 2013
Standards Final Rule: 10 percent of purchasers of liquid-immersed distribution transformers
would purchase based on TOC, while the remaining 90 percent would purchase based on lowest
first costs. For low- and medium-voltage dry-type distribution transformers, DOE revised its
assumption to 100 percent of purchases would be based on lowest first costs. In addition to price,
there are other details contributing to a “lowest-first-cost” purchase decision. Recognizing that
prices vary slightly by order and customer for minor reasons, such as enclosure details, branding,
or differences in competitive pricing, the analysis includes a uniform £5 percent modifier to the
MSPs developed in the engineering analysis.

The transformer selection approach is discussed in detail in chapter 8 of this TSD.

DOE requests comment on its assumption that 10 percent of liquid-immersed distribution

transformers are purchased using TOC.

DOE requests comment on its assumption that 100 percent of low- and medium-voltage

dry-type distribution transformers are purchased based on lowest first cost.

DOE understands that a portion of liquid-immersed purchases are made based on the
industry term “Band of Equivalents” (“BoE”). DOE understands BoE to be method for
consumers to establish equivalency between a set of transformer designs within a range of
similar “Total Owning Costs” (“TOC”). BoE is defined as those transformer designs the range of

similar TOCs; the range of TOC varies from utility to utility and is expressed in percentage
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terms. In practice, the purchaser would consider TOC the transformer designs with TOCs within,
for example 10 percent, as equivalent — and would select the lowest first-cost design from this

set. DOE seeks comment on (i) its understanding of Band of Equivalents; (ii) typical values used
to define BoE, and (iii) typical rates of adoption exclusive of its current assumption of 10 percent

of purchaser using TOC.

DOE requests information on whether those purchase decisions that are based on TOC
differ by distribution transformer capacity (k\VA). Are customers purchasing higher capacity

distribution transformers more likely to purchase using TOC?

DOE requests comment on whether those consumers that purchase distribution

transformers based on TOC are likely to pay higher electricity costs.

DOE requests comment on its assumption that transformer MSP will vary by +5 percent.
Further, DOE seeks comment of if this variability would change with transformer capacity

(KVA).

DOE request comment on any other factors that may be considered when purchasing a

transformer based on lowest-first cost.

DOE seeks information on different factors would lead to the purchase of a refurbished or

rebuilt distribution transformer.
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2.9.3 Installation Cost

Installation cost includes labor, overhead, and any miscellaneous materials and parts
needed to install the equipment.

2.9.3.1 Impact of Distribution Transformer Size and Weight on Installation Costs

Total installation costs can depend on the size and weight of the equipment. In the June
2019 Early Assessment RFI, DOE requested information and data related to how installation cost
changes as a function of distribution transformer size and weight for various types and capacities
of distribution transformers. 84 FR 28239, 28254.

NEMA stated that the factors considered in the previous rulemaking are still valid and
they are not aware of any new factors to consider. (NEMA, No. 13 at p. 12). For this analysis, as
discussed in the following paragraphs, DOE reevaluated the methods it used in the April 2013
Standards Final Rule.

Higher efficiency distribution transformers may be larger and heavier than less efficient
distribution transformers, with the degree of weight increase depending on how a distribution
transformer’s design is modified to improve efficiency. In the April 2013 Standards Final Rule,
DOE estimated the increased cost of installing larger, heavier distribution transformers based on
estimates of labor cost by distribution transformer capacity from Electrical Cost Data Book, by
RSMeans. For the current analysis DOE retained certain portions of the prior approach where
installation costs are based on the weight of the transformer for dry-type transformers, and
updated its installation cost methodology for liquid-immersed transformers based on new
findings described below.

For liquid-immersed distribution transformers, DOE reexamined the cost impacts of
making like-for-like distribution transformer replacement into, and onto, existing utility
structures. DOE surveyed several electric utilities through an engineering firm (SME) to inquire
about their installation procedures and remediation practices when a new, potentially larger or
heavier distribution transformer of the same capacity (in k\VA) could not be installed in the
desired location.?” The weights for the distribution transformers covered under the scope of this
analysis can be extremely heavy, ranging in weight from 450 pounds to over 15,000 pounds.
DOE’s survey found that distribution transformers are almost exclusively moved into place using
mechanical equipment, for example bucket trucks, cranes, forklifts, pallet jacks, and/or hoists.
Unless the change in distribution transformer weight is greater than the maximum safe operating
limits of the mechanical equipment required for installation (meaning that mechanical equipment
of greater capabilities would be needed), the same costs associated with the mechanical
equipment and crew can be used for the baseline and replacement cases.

Hammond commented that, for dry-type distribution transformers, larger sizes and
weight can have some impact. (Hammond, No. 6 at p. 8) For dry-type distribution transformers,
which are typically installed indoors where access can be difficult, DOE maintained the

27 See appendix 8D of the TSD for details.
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methodology that it used in the April 2013 Standards final rule, where the installation costs
increase as a function of increased transformer weight.

2.9.3.2 Pad Installations

Pad-mounted distribution transformers are typically installed on prefabricated concrete
pads of different dimensions that are dependent on the footprint area of the to-be-installed new
distribution transformer. In response to the June 2019 Early Assessment RFI, Howard
commented that pad-mount distribution transformers have gotten too large for existing pads in
some cases. (Howard, No. 19 at p. 2). Responses to DOE’s survey regarding installation indicate
that the increasing footprint of a replacement distribution transformer could be an issue in the
future, and that while current designs are near the limits of existing installation sites, increasing
footprint dimensions have not been an issue to date. Further, responses were mixed as to whether
the radiators on larger capacity pad-mounted distribution transformers had to be contained within
the footprint of the supporting concrete pad, or if they could overhang the footprint of the
concrete pad. Respondents also stated that these circumstances can be avoided with proper
specification of distribution transformer dimensions when making purchases. Pad-mounted
transformers are typically not “off the shelf” equipment, and are engineered to order, where the
dimensions are specified during the procurement process. For this analysis, DOE did not include
additional installation cost for pad replacement as these costs can likely be avoided by customers
specifying the dimensions of replacement distribution transformers to fit within a customer’s
area constraints.

DOE requests comment on which distribution transformer characteristics should be
included when determining the overall size increase of distribution transformer footprint.

Specifically, should DOE include the radiators as within the transformer footprint?

DOE requests data and feedback on the size limitations of pad-mounted distribution
transformers. Specifically, what sizes, voltages, or other features are currently unable to fit on

current pads, and the dimension of these pads.

DOE seeks data on the typical concrete pad dimensions for 50 and 500 kVA single-

phase; and 500, and 1500 kVVA three-phase distribution transformers.

DOE seeks data on the typical service lifetimes of supporting concrete pads.
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2.9.3.3 Overhead Installations

In the June 2019 Early Assessment RFI, DOE stated that it is considering including costs
to account for the rare occasions when a more efficient, pole-mounted replacement distribution
transformer would require the installation of a new, higher-grade (greater strength) utility pole to
support an increase in weight due to increased distribution transformer efficiency. 84 FR 28239,
28254-28255. DOE requested comment on its method for accounting for pole replacement, its
understanding of pole upgrades because of increased distribution transformer efficiency and
weight, and any other factors to consider. Id.

When evaluating the impacts of replacing existing pole-mounted distribution
transformers, DOE assumes that the replacement equipment provides the same utility as the
original equipment, i.e., the same capacity (in terms of k\VA), service provided, and number of
phases.

In evaluating replacement of pole-mounted distribution transformers, DOE considers
whether such replacement would result in pole overloading and therefore require a replacement
of the pole. In general, factors for determining whether pole overloading would be an issue
depend in part on the application of the pole. If the pole is installed along a feeder line with
distribution lines extending tangentially out from the pole, this will be characterized by a
reduction in wind span to below safe limits due to increased transformer weight . 2 If the pole is
installed at the end of a line, and is guyed in place, it is considered a dead-end structure, and the
pole must support the weight of the distribution transformer and connected lines; pole
overloading occurs when the minimum lead guy length for that pole exceeds safe limits.

Other factors must be considered to determine if pole overloading would occur, such as
the capacity, number, shape, weight, and dimensions of distribution transformer(s) being
replaced; class and height of pole on which the distribution transformers are to be mounted;
where on the pole the distribution transformer(s) is to be mounted; what primary and secondary
conductors are attached to the pole; the quantity, type and where these conductors are mounted,;
how many underbuilds, their diameters, and where on the pole they are mounted; what is the
required grade of construction; the exiting wind span on the section of feeder line, or maximum
shortest guy requirements of the original dead-ended pole; and in which climate loading zone
(either NESC or GO95) the poles in question are located. 230 31

28 Allowable wind span refers to the horizontal distance between the mid-span points of adjacent spans; in this case
the length of horizontal conductor between two poles, measured at the mid-points.

2% The National Electrical Safety Code® (NESC®). NESC governs the United States standard of the safe
installation, operation, and maintenance of electric power and utility systems overhead lines in addition to other
topics. For more information see: https://standards.ieee.org/products-services/nesc/index.html

30 General Order 95 (GO95). GO95 governs, for the state of California, uniform requirements for overhead electrical
line construction, and to secure safety to persons engaged in the construction, maintenance, operation or use of
overhead electrical lines and to the public in general. For more information see:
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M217/K418/217418779.pdf

31 Both NESC and G095 divide the Nation, and California in the case of GO95, into regions that experience climatic
conditions that add physical stressors, such as wind and ice, on utility structures. NESC divides the Nation into
heavy, medium, and light regions, while GO95 divides California into heavy and light regions. In both cases, the
region effects the input assumptions for calculating utility structure strength, and their resistance to loads.

2-74



DOE notes that wooden poles have finite lifespans and need to be periodically replaced
due to decay or other reasons, such as line upgrades; physical damage from wind, ice, or cars;
ground shifting; etc. There will be a segment of any pole population at or near the end of its safe
operating lifetime due to age and operational life cycle. In these circumstances each utility must
evaluate the safety of its pole/structure before installing replacement equipment. In certain cases,
the replacement of a pole may be needed independent of the characteristics of a replacement
distribution transformer. DOE does not consider the cost of replacing the pole to maintain safe
operations to be an additional burden to a consumer if this occurrence is needed in the absence of
any potential revised standard. These costs are not related to increased distribution transformer
efficiency.

To assist with its modeling of the potential of pole overloading due to increased
distribution transformer weight, DOE commissioned a methodological report and model from
Line Design University.®? The report and model are available for review in appendix 8C of the
TSD.

Howard commented that size and weight constraints are especially important for large
pole-mounted distribution transformers that are cluster mounted. (Howard, No. 19 at p. 2) In
response to Howard’s comment, DOE examined the impacts on allowable wind spans for a bank
of 3, single-phase, 167 kVA distribution transformers serving loads in a densely populated area
in a NESC Heavy Loading District—Combined Wind and Ice with the following parameters.

Grade B construction

Conductors: 3 £ 4/0 ACSR (6/1) conductors

4-inch telecommunication — underbuilt.

NESC Heavy Loading District — Combined Wind and Ice
Pole: Class 1 — 40 feet (36 feet above ground)

For this scenario DOE considered wind spans between 100 and 150 feet to be typical for
densely populated areas. Further, as DOE did not explicitly model a 167 kVA distribution
transformer as part of its engineering analysis, DOE estimated the weights in the no-new
standards and at max-tech (EL 5), the heaviest designs, by scaling the representative unit 2, a 25
kVA round tank; these resulted in a per distribution transformer weight ranging from 1,870
pounds in the no-new standards case to 3,270 pounds in the max-tech case. DOE found that the
increase in transformer weight reduced the allowable wind span from 236 to 193 feet. At the
maximum analyzed efficiency in the max-tech case DOE found that the reduced allowable wind
span was still greater than the assumed typical allowable wind span of 150 feet, and that no
replacement pole would be needed. DOE agrees with Howard that to the extent that larger
distribution transformers are banked, installation issues may arise; however, without data as to
when and how often such installation circumstances occur, DOE is limited in its ability to model
such impacts.

NRECA commented that many 10Us and municipalities would not experience issues
with pole replacement because the weight and size of a pole-mounted distribution transformer is

32 See: https://www.linedesignuniversity.com/
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a significantly lower percentage of the overall load many of their poles must support. (NRECA,
No. 15 at p. 3) Further, NRECA stated that rural systems, by contrast, are built in less dense
areas and spaced further apart, making the weight issue especially relevant. Id. NRECA
estimated that the larger sized amorphous distribution transformers would require co-ops to
replace 25 percent or more of their transformer poles. Id.

In response to NRECA’s comment DOE analyzed the following pole loading scenarios
characterized by the average baseline distribution transformer versus the average max-tech
(amorphous) distribution transformers examined in this analysis. DOE examined the increase in
distribution transformer weight for a 25 kVA, as it is the most typical pole-mounted distribution
transformer, with the following installation criteria:

Grade B construction

Conductors: 1/, and 3 /£ 4/0 ACSR (6/1)

NESC Heavy Loading District — Combined Wind and Ice
Pole height: 40 feet (36 feet above ground)

O O 0O

For these scenarios DOE considers the wind spans in Table 2.9.2 to be typical for rural or
low population areas where efforts are made to serve customers with the fewest structures while
maintaining the minimum clearances dictated by NESC or GO95.

Table 2.9.2  Assumed Typical Wind Spans by NESC Loading District for Rural Areas

NESC Loading District Minimum Wind span (feet) | Maximum Wind span (feet)
Heavy 250 275
Medium 275 325
Light 325 375

The first scenario examines upgrading a single, 25 kVA distribution transformer with a
baseline weight of 450 pounds to a replacement distribution transformer at the max-tech
standards case, with a weight of 787 pounds. This scenario assumed single-phase conductors, a
class 4 pole, and no underbuilds. DOE found the allowable wind span was reduced from 422 to
4009 feet, a distance well above the minimum wind span in Heavy Loading Districts of 250 feet.
DOE then evaluated the same distribution transformer when installed with three-phase
conductors on a class 3 pole. DOE found the wind span would be reduced from 294 to 286 feet,
again, a distance greater than 250 feet minimum allowable wind span of the Heavy Loading
Districts.

Given the above scenarios, DOE finds that the increase in weight in the standards case
results in small reductions in allowable wind span. As a result, DOE has not included pole
replacement in this analysis. DOE invites NRECA to share the details of their analysis indicating
that 25 percent or more of their utility poles would need to be replaced with DOE.
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NRECA stated that the impact pole replacements would have on reliability is another
concern but provided no further explanation. (NRECA, No. 15 at p. 3) DOE is unaware of
reliability concerns that would be associated with pole replacement in those limited instances in
which pole replacement would be necessary due to increased transformer efficiency. DOE
requests further comment on the potential for reliability concerns related to pole replacement.

DOE request comment on its assumption to not include pole replacement costs as part of

this analysis.

DOE requests comment and data regarding the examples presented here used to inform

DOE’s decision to not include pole replacement costs in this analysis.

DOE requests sources of data on the typical wind spans, pole configuration (quantity,
type and installation parameters of conductors; pole grade and height) by transformer capacity

and bank rating for rural, suburban, and urban services.

DOE seeks comment on the model contained within appendix 8C, Impact on Structures

Caused from Increased Transformer Size.

DOE seeks information to better characterize typical overhead installations. DOE seeks
the following information regarding pole characteristics by transformer capacity, number of
transformers in the bank, and number phases of delivered service: (i) assumed rated windsapn or
rated shortest guyed lead for deadended structures (in feet), (ii) service demographic (e.g. urban,
suburban, rural), (iii) pole classification and height, (iv) conductor quantity, diameter(s), and

height(s) mounted above the ground, (v) transformer(s) mounting height, and distance between
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transformer and pole, (vi) underbuild quantity, diameter(s), and height(s) above ground, and (vii)

NESC/GO-95 loading region, and if extreme ice is a factor.

2.9.3.4 Vault (Underground) and Subsurface Installations

As discussed in section 2.4.2.3, in the context of this analysis, DOE uses the term “vault
distribution transformer” to mean a distribution transformer specifically designed for and
installed in an underground, below-grade, vault. These vaults are typically underground concrete
rooms with an access opening in the ceiling through which the transformer can be lowered for
installation or replacement. Because the consumers who purchase vault or subsurface
transformers might be disproportionally adversely affected by a potential change in the energy
efficiency standards, DOE will examine the consumer impacts of vault and subsurface with a
separate consumer subgroup analysis as part of the NOPR analysis. (see section 2.13)

2.9.4 Electricity Costs

DOE derived electricity prices for distribution transformers using two different
methodologies to reflect the differences in how the electricity is paid for by consumers of
distribution transformers. For liquid-immersed transformers, which are largely owned and
operated by electric distribution companies who purchase electricity from a variety of markets,
DOE developed an hourly electricity costs model. For low- and medium-voltage dry-type
transformers, which are primarily owned and operated by C&lI entities, DOE developed a
monthly electricity cost model.

2.9.4.1 Hourly Electricity Costs

To evaluate the electricity costs associated with liquid-immersed distribution
transformers, DOE used marginal electricity prices. The general structure of the hourly marginal
cost methodology divides the costs of electricity into capacity components and energy cost
components. For each component, the economic value for both no-load losses and load losses is
estimated. The capacity components include generation and transmission capacity; they also
include a reserve margin for ensuring system reliability, with factors that account for system
losses. Energy cost components include a marginal cost of supply that varies by the hour.

The marginal costs methodology was developed for each regional Balancing Authority
listed in EIA’s Form EIA-861 database (based on “Annual Electric Power Industry Report”).
To calculate the hourly price of electricity, DOE used the day-ahead market clearing price for
regions having wholesale electricity markets, and system lambda values for all other regions.
System lambda values, which are roughly equal to the operating cost of the next unit in line for

3 Available at http://www.eia.doe.gov/cneaf/electricity/page/eia861.html.
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dispatch, are filed by control area operators under FERC Form 714.3* These methodologies
remain unchanged from the April 2013 Standards Final Rule.

As part of the hourly electricity costs analysis DOE developed a methodology to
calculate the value of future avoided capacity costs resulting from greater transformer efficiency.
This capacity costs component is determined for the set of regions defined in the EIA’s National
Energy Modeling System (“NEMS?”) electricity market module (“EMM?™).%®

The method depends on the type of electricity generation constructed to meet future
electricity demand. For this analysis, to reflect future competitive, and regulatory changes in
electricity generation assumed in AEO 2021, DOE changed its assumptions of which generation
capacity types would be used to meet future no-load and load losses.®® In the April 2013
Standards Final Rule, DOE based its assumption on AEO 2012, that a mix of generating types
(coal, renewables, combined cycle—conventional gas), and combined cycle—conventional gas
would be constructed to meet future no-load load losses, and load losses, respectively.®” For this
analysis DOE assumed that natural gas combined-cycle—multi shaft, and combined-cycle—
single shaft capacity types would be constructed to meet future no-load losses, and load losses,
respectively.

This resulted in a material change in operating and maintenance (“O&M?”) costs between
the April 2013 Standards Final Rule and this analysis, as shown in Table 2.9.3. The change in
these values, while decreasing overall, puts greater value of constructing new capacity to serve
load losses over no load losses.

Table 2.9.3 Change in Fixed O&M Cost for No-load and Load Losses

April 2013 Standards Final Rule This Analysis (2019$/kW-
(2010%/KW-yr) yr)
No-load Losses 21 12
Load Losses 7 14

These changes are reflected in the Department’s estimation of the average marginal cost
per-kWh for no-load and load losses as function of RMS load shown in Figure 2.9.1. This figure
shows that the capacity charges for no-load losses have a low impact to the total per $/kWh cost
of electricity relative to the capacity changes for load losses. While the capacity charge for load
losses can range significantly depending on the transformer’s loss factor and its peak coincident

34 Federal Energy Regulatory Commission, Form No. 714 - Annual Electric Balancing Authority Area and Planning
Area Report, Washington, D.C., 2015

% Energy Information Administration - Office of Integrated Analysis and Forecasting. The National Energy
Modeling System (NEMS): An Overview. (U.S. Department of Energy, 2009). at
<http://www.eia.doe.gov/oiaf/aeo/overview/>

3 Energy Information Administration - Office of Integrated Analysis and Forecasting. Assumptions to AEO
2021(U.S. Department of Energy, (2021). at <https://www.eia.gov/outlooks/aeo/assumptions/pdf/electricity.pdf>

37 Energy Information Administration - Office of Integrated Analysis and Forecasting. Assumptions to AEO 2012
(U.S. Department of Energy, (2012). at <https://www.eia.gov/outlooks/aeo/assumptions/pdf/0554(2012).pdf>

2-79



http://www.eia.doe.gov/oiaf/aeo/overview/
https://www.eia.gov/outlooks/aeo/assumptions/pdf/electricity.pdf
https://www.eia.gov/outlooks/aeo/assumptions/pdf/0554(2012).pdf

factor; specifically, the capacity cost can be a large portion of the cost of transformer operation
especially if the transformer operation coincides with system peak—even at low average PULS.
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Figure 2.9.1 Average Cost for Load and No-load Losses for Liquid-immersed Distribution
Transformers ($/kWh)

DOE seeks comment on its changes to the capacity costs inputs described in section

2941

Capacity costs are discussed in detail in chapter 8 of this TSD.

2.9.4.2 Monthly Electricity Costs

To evaluate the electricity costs associated with LVDT and MVDT distribution
transformers, DOE derived nationally representative distributions of monthly marginal electricity
prices for different consumer categories (industrial, commercial, and residential) from the most
recent data available in the EIA Form 861, “Annual Electric Power Industry Report,” as well as
data from the Edison Electric Institute.*® Powersmiths commented that it is valid for DOE to use
marginal rates since LVDT distribution transformers typically experience their peak loads during
the grid peak. (Powersmiths, No. 3 at p. 4)

2.9.4.3 Future Electricity Prices

In the June 2019 Early Assessment RFI, DOE requested comment on its proposed
method for estimating the future price of electricity. Id.

3 Edison Electric Institute. Typical Bills and Average Rates Report. Washington, D.C., October 2019.
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EEI and APPA commented that the real price of electricity has increased only minimally
over the past several years, which has lengthened payback periods of high efficiency equipment
relative to those DOE forecasted previously (assuming larger increases in electricity price
forecasts). (EEI, No. 10 at p. 3, APPA, No. 16 at p. 2-3) They recommend DOE include this lack
of price increase in its analysis. Id. To estimate electricity prices in future years, DOE multiplied
the electricity prices described above by a reference case projection of annual change in national
average electricity prices for commercial and industrial customers in AEO 2021.%° AEO 2021
forecasts energy prices through 2050; to estimate prices after 2050, DOE maintained electricity
prices at their 2050 levels through the end of the analysis period. In response to comments from
EEI and APPA, DOE notes that the future price trends from AEO 2021 show a slight decrease in
real electricity prices over time, which is reflected in DOE’s electricity prices.

2.9.5 Maintenance and Repair Costs

Repair costs are associated with repairing or replacing equipment components that have
failed; maintenance costs are associated with maintaining the operation of the equipment.
Typically, small incremental increases in equipment efficiency produce no, or only minor,
changes in repair and maintenance costs compared to baseline efficiency equipment. DOE did
not receive any comments on the subject of transformer maintenance and repair costs and
assumed they would be the same in the no-new-standards case and potential amended standards
cases.

DOE requests comment on its assumption that maintenance and repair costs do not

increase with transformer efficiency.

2.9.6 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 this 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, these can be found chapter 8.

HVOLT commented that the inflation rate and cost of borrowed funds seemed too high.
(HVOLT, No. 2 at p. 5) 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

3 EIA. Annual Energy Outlook 2021 with Projections to 2050. Washington, DC. Available at
http://www.eia.gov/forecasts/aeo/.
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discount rates used may not be applicable for all customers, they reflect the financial situation of
the majority of transformer customers.

2.9.7 Equipment Lifetime

DOE defines distribution transformer life as the age at which the distribution transformer
is retired from service. In the April 2013 Standards Final Rule, DOE estimated, based on a report
by Oak Ridge National Laboratory (“ORNL-6847"),%° that the average life of liquid-immersed
distribution transformers is 32 years with a maximum lifetime of 60 years. 78 FR 23336, 23377.

Schneider recommended that DOE use guidance from Institute of Electrical and
Electronics Engineers (“IEEE”) standards to estimate equipment lifetimes. (Schneider, No. 8 at
p. 5) Although Schneider did not specify which IEEE standard DOE should use as guidance,
DOE assumes that Schneider is referring to IEEE C57-100, Standard Test Procedure for
Thermal Evaluation of Insulation Systems for Liquid-Immersed Distribution and Power
Transformers, where transformer life is modelled as a function of aging temperature. DOE notes
that in the field distribution transformers are retired for reasons in addition to the aging effects on
insulation media due to high temperatures. Other reasons for failure can include auto accidents,
corrosive failure of the enclosure, short-circuit failure, and building renovation where the
transformer is removed from service. Due to the limited scope of IEEE C57-100, DOE retained
its approach from the April 2013 Standards Final Rule.

DOE requests comment on the appropriateness of using the distribution of lifetimes with

an average 32-year lifetime from ORNL-6847 for all distribution transformers.

DOE requests comment or information on alternative lifetimes for low-voltage dry-type,

and medium-voltage dry-type distribution transformers.

2.10 SHIPMENTS ANALYSIS

DOE uses projections of annual equipment shipments to calculate the national impacts of
potential amended or new energy conservation standards on energy use, net present value
(“NPV™), and future manufacturer cash flows.** The shipments model takes an accounting
approach, tracking market shares of each equipment class and the vintage of units in the stock.

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

41 DOE uses data on manufacturer shipments as a proxy for national sales, as aggregate data on sales are lacking. In
general one would expect a close correspondence between shipments and sales.
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Stock accounting uses equipment shipments as inputs to estimate the age distribution of in-
service equipment stocks for all years. The age distribution of in-service equipment stocks is a
key input to calculations of both the National Energy Savings (“NES”) and NPV, because
operating costs for any year depend on the age distribution of the stock.

In the June 2019 Early Assessment RFI, DOE presented the methodology used for
estimating shipments during the previous rulemaking, and requested comment on whether this
approach is still valid. 84 FR 28239, 28255-28257. DOE further requested comment on its
estimates of equipment life, purchase price elasticity—specifically regarding the use of
refurbished distribution transformers instead of new purchases—and assumptions regarding
consumer response to amended standards. Id. NEMA commented that there have not been
significant changes to warrant a change to the shipment estimation methodology. (NEMA, No.
13 at p. 13) NRECA commented that it agrees with DOE’s current methodology for estimating
equipment lifecycle. (NRECA, No. 15 at p. 3)

DOE projected distribution transformer shipments for the no-new standards case by
assuming that long-term growth in distribution transformer shipments will be driven by long-
term growth in electricity consumption. DOE developed its initial shipments inputs based on data
from the previous final rule, and data submitted to DOE from interested parties; these initial
shipments are shown for the assumed compliance year, by distribution transformer type in
chapter 9 of the TSD. DOE developed the shipments projection for liquid-immersed distribution
transformers by assuming that annual shipments growth is equal to growth in electricity
consumption for all sectors, as given by the AEO 2021 forecast through 2050. DOE assumed that
growth in annual shipments of dry-type distribution transformers would be equal to the growth in
electricity consumption for commercial and industrial sectors. For the years beyond 2050, DOE
used the constant annual rate of 2050 through the end of the analysis period. The model starts
with an estimate of the overall growth in distribution transformer capacity, and then estimates
shipments for representative units and capacities using estimates of the recent market shares for
different design and size categories.

NRECA commented that some investor-owned utilities with more industrial and
commercial loads are more likely to purchase larger three-phase liquid-immersed distribution
transformers than cooperatives. (NRECA, No. 15 at p. 3) For this analysis DOE distributed the
fraction of shipments to “publicly owned utilities” (municipal and co-operative utilities) based on
the share of their electricity sales reported in EIA-Form 861.4?

DOE requests comment on the fraction of liquid-immersed distribution transformers by
capacity and number of phases used by the various utility segments, including publicly owned

utilities.

42 Annual Electric Power Industry Report, Form EIA-861
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Powersmiths commented that it was expected a higher rate of future of low-voltage dry-
type transformers would be replacements (retrofits), as distribution transformers installed during
the increased construction of the 1970s reach the end of their lifetimes. (Powersmiths, No. 3 at p.
4) For this analysis DOE did not have sufficient data regarding replacement sales as compared to
new units to change its approach.

DOE seeks comment on the appropriateness of using commercial and industrial
electricity consumption as suitable drivers for future shipments of dry-type distribution
transformers. DOE seeks information on other data sources indicating a significant rate of future

replacements.

2.10.1 Rebuilt Transformers

NRECA commented that the rebuild and refurbishment market is strong and viewed
positively by co-operative utilities. (NRECA, No. 15 at p. 3) APPA and EEI speculated that if
future efficiency standards make it difficult for new transformers to match the size and weight of
existing distribution transformers, companies would likely invest substantially in repairing and
reconditioning transformers rather than replacing those units. (APPA, No. 16 at p. 4; EEI, No. 10
atp. 3)

DOE recognizes that consumers of distribution transformers may purchase equipment
that is either rebuilt or refurbished and therefore not subject to potentially amended energy
conservation standards and not addressed by this analysis. It is unclear from the comments
submitted by NRECA, APPA and EEI whether their viewing of the rebuilt or refurbished market
in a positive light is an indication that there is an increasing or decreasing trend toward this
equipment. Neither NRECA, APPA or EEI were able to provide data, or an example, from their
members of the some of the parameters, or the amount of change of those parameters, that
characterize the decision of a consumer to forego the purchase of a new compliant distribution
transformer in favor of rebuilt or refurbished equipment. For this analysis, DOE was unable to
characterize the factors that go into the decision to purchase rebuilt or refurbished over new
distribution transformer, and assumed that there would be no change in purchasing practice
under a potential new standard.

DOE requests comment and additional data on the factors that go into the decision to
purchase rebuilt transformers instead of new transformers, and the likely extent of such

purchases in response to amended standards

2-84



Chapter 9 of this TSD provides a detailed description of how DOE projected shipments
for each of the equipment classes.

DOE request comment and additional data on its shipments estimates. For this analysis,
DOE assumed that the fraction of shipments by each capacity to be static over time. DOE
requests information and additional data on whether there is an expected shift from one capacity

to another over time.

2.11 NATIONAL IMPACT ANALYSIS

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

Several of the inputs for determining NES and NPV depend on the forecast trends in
equipment energy efficiency. For the no-new-standards case (which presumes no revised
standards), DOE uses the efficiency distributions which are output from the customer choice
model in the LCC analysis (see section 2.9.2). This produces for each equipment class, a
different distribution of transformers efficiency at each standard level based on the combination
of consumers purchasing based on TOC or lowest first costs. For this analysis DOE assumed that
these efficiencies are static over time.

2.11.1 National Energy Savings

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

2.11.2 Net Present Value of Consumer Benefit

The inputs for determining NPV of the total costs and benefits experienced by consumers
of the considered equipment are: (1) total annual installed cost; (2) total annual savings in
operating costs; (3) a discount factor; (4) present value of costs; and (5) present value of savings.
DOE calculated net savings each year as the difference between the base case and each standards
case in total savings in operating costs and total increases in installed costs. DOE calculated
savings over the life of the equipment. NPV is the difference between the present value of
operating cost savings and the present value of total installed costs. DOE used a discount factor
based on real discount rates of 3 percent and 7 percent to discount future costs and savings to
present values.

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

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

2.12 PRELIMINARY MANUFACTURER IMPACT ANALYSIS

DOE performed a preliminary manufacturer impact analysis (MIA) (chapter 12 of the
TSD) to estimate the financial impact of amended energy conservation standards on distribution
transformers manufacturers, and to calculate the impact of such standards on employment and
manufacturing capacity. The MIA has both quantitative and qualitative aspects. The quantitative
part of the MIA relies on the government regulatory impact model (GRIM), an industry-cash-
flow model customized for these three industries. The GRIM inputs are information on the
industry cost structure, shipments, and revenues. This includes information from many of the
analyses described above, such as manufacturing costs and prices from the engineering analysis
and shipments forecasts. The key GRIM output is the industry net present value (INPV).
Different sets of assumptions (scenarios) will produce different results. The qualitative part of
the MIA addresses factors such as equipment characteristics, characteristics of particular firms,
and market and equipment trends, and includes assessment of the impacts of standards on
manufacturer subgroups.

DOE conducts each MIA in three phases and will further tailor the analytical framework
for each MIA based on comments from interested parties. In Phase I, DOE creates an industry
profile to characterize the industry and identify important issues that require consideration. In
Phase 11, DOE prepares an industry cash-flow model and interview questionnaire to guide
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subsequent discussions. In Phase 111, DOE interviews manufacturers and assesses the impacts of
standards quantitatively and qualitatively. DOE assesses industry and subgroup cash flow and
NPV using the GRIM. DOE then assesses impacts on competition, manufacturing capacity,
employment, and regulatory burden based on manufacturer interview feedback and discussions.

DOE has evaluated and is reporting preliminary MIA information in this preliminary
analysis (see chapter 12 of the preliminary TSD).

As part of the NOPR, DOE will seek comments from manufacturers about their potential
loss of market share, changes in the efficiency distribution within each industry, and the total
reduction in equipment shipments at each new energy conservation standard level. DOE will
then estimate the impacts on the industry quantitatively and qualitatively.

The following is an overview of the information DOE intends to collect and analyze.

2.12.1 Industry Cash-Flow Analysis

The industry cash-flow analysis relies primarily on the GRIM. DOE uses the GRIM to
analyze the financial impacts of more stringent energy conservation standards on the industry
that produces the equipment covered by the standard. The GRIM analysis uses many factors to
determine annual cash flows from a new standard: annual expected revenues; manufacturer
costs, including cost of goods sold, depreciation, research and development, selling, general, and
administrative expenses; taxes; and conversion capital expenditures. DOE compares the results
against no-standards case projections that involve no new standards. The financial impact of new
standards is then the difference between the two sets of discounted annual cash flows. Other
performance metrics such as return on invested capital are available from the GRIM. For more
information on the industry cash-flow analysis, refer to chapter 12 of the TSD.

2.12.2 Manufacturer Subgroup Analysis

Industry cost estimates are not adequate to assess differential impacts among subgroups
of manufacturers. For example, small and niche manufacturers, or manufacturers whose cost
structure differs significantly from the industry average, could be more negatively affected by the
imposition of standards. Ideally, DOE would consider the impact on every firm individually;
however, since this usually is not possible, DOE typically uses the results of the industry
characterization to group manufacturers exhibiting similar characteristics.

2.12.3 Competitive Impacts Assessment

DOE must consider whether a new standard is likely to reduce industry competition, and
the Attorney General must determine the impacts, if any, of reduced competition. DOE will
make a determined effort to gather and report firm-specific financial information and impacts.
The competitive impacts assessment will focus on assessing the impacts on smaller
manufacturers. DOE will base this assessment on manufacturing cost data and information
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collected from interviews with manufacturers. The interviews will focus on gathering
information to help assess asymmetrical cost increases to some manufacturers, increased
proportion of fixed costs potentially increasing business risks, and potential barriers to market
entry (e.g., proprietary technologies). The NOPR will be submitted to the Attorney General for a
review of the impacts of standards on competition. The Attorney General’s comments on the
proposed rule will be considered in preparing the final rule.

2.12.4 Cumulative Regulatory Burden

One aspect of assessing manufacturer burden involves looking at the cumulative impact
of multiple DOE standards and the product-specific regulatory actions of other Federal agencies
that affect the manufacturers of a covered product or equipment. While any one regulation may
not impose a significant burden on manufacturers, the combined effects of several existing or
impending regulations may have serious consequences for some manufacturers, groups of
manufacturers, or an entire industry. Multiple regulations affecting the same manufacturers can
strain profits and lead companies to abandon markets with lower expected future returns than
competing products. For these reasons, DOE conducts an analysis of cumulative regulatory
burden as part of its rulemakings pertaining to appliance efficiency. DOE will analyze and
consider the impact on manufacturers of multiple product-specific, Federal regulatory actions.

2.12.5 Preliminary Results for the Manufacturer Impact Analysis

In this preliminary analysis, DOE presents its assumptions and initial calculations. DOE
relied on publicly available information as well as data from the April 2013 Standards Final
Rule. For more details, see chapter 12 of the TSD.

2.13 CONSUMER SUBGROUP ANALYSIS

The consumer subgroup analysis (chapter 11 of the TSD) evaluates economic impacts on
selected customer subgroups who might be adversely affected by a change in the National energy
conservation standards for the considered equipment. DOE evaluates impacts on particular
subgroups of customers by analyzing the LCC impacts and PBP for those particular customers.

2.13.1 Utilities Serving Low Populations

In rural areas, the number of customers per distribution transformer is lower than in
metropolitan areas and may result in lower PULSs. In the April 2013 Standards Final Rule, DOE
reduced the PUL by 10 percent for utilities serving count