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CHAPTER 1. INTRODUCTION
1.1 PURPOSE OF THE DOCUMENT

This technical support document (TSD) is a stand-alone report that provides the technical
analyses supporting the information in the notice of proposed rulemaking (NOPR) for metal
halide lamp fixtures (MHLF or “fixtures”).

1.2 OVERVIEW OF THE APPLIANCES AND COMMERCIAL EQUIPMENT
STANDARDS PROGRAM

Part B of title III of the Energy Policy and Conservation Act (EPCA) of 1975 (42 U.S.C.
6291-6309) established the Energy Conservation Program for Consumer Products Other than
Automobiles, covering major household appliances. Additional amendments to EPCA have
given the U.S. Department of Energy (DOE) the authority to regulate the energy efficiency of
several products, including metal halide lamp fixtures, the equipment that is the focus of this
document.

DOE designs any new or amended standard to achieve the maximum improvement in
energy efficiency that is technologically feasible and economically justified. (42 U.S.C.
6295(0)(2)(A)) To determine whether economic justification exists, DOE must review comments
on the proposal and determine that the benefits of the proposed standard exceed its burdens to the
greatest extent practicable, weighing the following seven factors:

(1) the economic impact of the standard on the manufacturers and consumers of the
products subject to the standard;

(2) the savings in operating costs throughout the estimated average life of the products
compared to any increases in the price, initial charges, or maintenance expenses for
the products that are likely to result from the imposition of the standard,

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

(4) any lessening of the utility or the performance of the products likely to result from
imposition of the standard;

(5) the impact of any lessening of competition, as determined in writing by the
Attorney General, likely to result from imposition of the standard;

(6) the need for national energy conservation; and
(7) other factors the Secretary [of Energy] considers relevant.

(42 U.S.C. 6295(0)(2)(B)(i))
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1.3 OVERVIEVW OF METAL HALIDE LAMP FIXTURES STANDARDS

The following summarizes the pertinent legislative and regulatory history for metal
halide lamp fixtures. DOE is conducting its first rulemaking cycle to review and consider
amendments to the energy conservation standards in effect for metal halide lamp fixtures, as
required under 42 U.S.C. 6295(hh)(2), which provides as follows:

(2) Final rule by January 1, 2012. —
(A)In general. —
Not later than January 1, 2012, the Secretary shall publish a final rule to
determine whether the standards established under paragraph (1) should be amended.
(B) Administration. —
The final rule shall—
(1) contain any amended standard; and
(1) apply to products manufactured on or after January 1, 2015.

On December 19, 2007, the President signed the Energy Independence and Security Act
of 2007 (EISA 2007), which made numerous amendments to EPCA and directed DOE to
undertake several new rulemakings for appliance energy conservation standards. (Pub. L. 110-
140) The MHLF provisions, section 324 of EISA 2007, amended EPCA by:

e inserting definitions pertaining to “metal halide ballast,”* “metal halide lamp,”® and
“metal halide lamp fixtures” (among others) into section 321 of EPCA (42 U.S.C.
6291(62),(63), and (64));

e amending section 323(b) of EPCA to direct DOE to develop a test procedure for metal
halide (MH) ballasts based on the American National Standard Institute (ANSI) Standard
C82.6-2005, Ballasts for High-Intensity Discharge (HID) Lamps-Methods of
Measurement (42 U.S.C. 6293(b)(18));

e amending section 324(a)(2) of EPCA by directing the Federal Trade Commission (FTC)
to conduct a labeling rulemaking for metal halide lamp fixtures (42 U.S.C.
6294(a)(2)(C)); and

e amending section 325 of EPCA by prescribing energy conservation standards for metal
halide lamp fixtures, requiring that they contain ballasts that meet or exceed defined
efficiency levels. Compliance with the EISA 2007-prescribed standards was required as
of January 1, 2009. (42 U.S.C. 6295(hh)(1)) Additionally, the Secretary is directed to
publish a final rule no later than January 1, 2012 to determine whether the energy
conservation standards established by EISA 2007 for metal halide lamp fixtures should
be amended. If such amendments to the standards are appropriate under the relevant
statutory criteria, the final rule shall apply to products manufactured on or after January
1,2015. (42 U.S.C. 6295(hh)(2)(B)) The Secretary is further directed to conduct a second

* “Metal halide ballast” means “a ballast used to start and operate metal halide lamps.” (42 U.S.C. 6291(62))

" “Metal halide lamp” means “a high intensity discharge lamp in which the major portion of the light is produced by
radiation of metal halides and their products of dissociation, possibly in combination with metallic vapors.” (42
U.S.C. 6291(63))

¢ “Metal halide lamp fixture” means “a light fixture for general lighting application designed to be operated with a
metal halide lamp and a ballast for a metal halide lamp.” (42 U.S.C. 6291(64))
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rulemaking to review and amend the energy conservation standards for metal halide lamp
fixtures then in effect, which requires publication of a final rule by January 1, 2019. (42
U.S.C. 6295(hh)(3))

The following statutory provisions are directly relevant to the energy conservation
standards rulemaking for metal halide lamp fixtures. As amended by EISA 2007, EPCA
regulates metal halide lamp fixtures designed to be operated with lamps rated greater than or
equal to 150 watts (W), but less than or equal to 500 W, by prescribing performance
requirements for the metal halide ballasts used in those metal halide lamp fixtures. Both metal
halide lamps and ballasts are energy-using components of metal halide lamp fixtures. For this
MH lamp wattage range, metal halide lamp fixtures must contain the following:

(1)  apulse-start metal halide ballast with a minimum ballast efficiency of 88 percent;
(1) amagnetic probe-start ballast with a minimum ballast efficiency of 94 percent; or
(ii1) a nonpulse-start electronic ballast with—
(I) a minimum ballast efficiency of 92 percent for wattages greater than 250 watts;
and
(IT) a minimum ballast efficiency of 90 percent for wattages less than or equal to 250

watts.
(U.S.C. 6295 (hh)(1)(A))

In addition to prescribing minimum efficiency requirements for the previously described
metal halide ballasts contained in metal halide lamp fixtures, EISA 2007 amended EPCA to
exclude the following types of metal halide lamp fixtures from the statutorily prescribed energy
conservation standards:

(1) fixtures with regulated lag ballasts;
(i1) fixtures that use electronic ballasts that operate at 480 volts; or
(ii1) fixtures that—
(I) are rated only for 150 watt lamps;
(IT) are rated for use in wet locations, as specified by the National Electrical Code
2002, section 410.4(A); and
(ITI) contain a ballast that is rated to operate at ambient air temperatures above 50
degrees Celsius, as specified by Underwriters Laboratories (UL)1029-2001
(“Standard for High-Intensity-Discharge Lamp Ballasts”).
(42 U.S.C. 6295 (hh)(1)(B))

This rulemaking also addresses 42 U.S.C. 6295(0), in which DOE is directed to
incorporate standby mode and off mode energy use in any amended (or new) standard adopted
after July 1, 2010. DOE continues to conclude that it cannot establish a separate standard that
incorporates standby mode or off mode energy consumption.
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The following statutory provisions (and associated rulemakings) are related to metal
halide lamp fixtures but are separate from the current standards rulemaking:

¢ In conjunction with energy conservation standards for metal halide lamp fixtures, EPCA
required DOE to undertake a determination to see if energy conservation standards for
HID lamps (including MH lamps) would be technologically feasible and economically
justified, and would result in significant energy savings. (42 U.S.C. 6317(a)(1)) DOE
completed the HID lamps determination and published a final determination on July 1,
2010, concluding that energy conservation standards for certain HID lamps are
technologically feasible and economically justified. 75 FR 67975. A notice of document
availability announcing completion of a Framework document for HID lamps was
published on February 28, 2012. 77 FR 18963. DOE then published an interim analysis
for HID lamps on February 28, 2013. 78 FR 13566.

e DOE completed a test procedure rulemaking for metal halide ballasts, as required by
EPCA through amendments from EISA 2007. (42 U.S.C. 6293(b)(18)) The final rule test
procedure for metal halide ballasts was published in the Federal Register on March 10,
2010. 75 FR 10950.

e The FTC is directed to conduct a labeling rulemaking as part of the requirements set forth
by EISA 2007 for metal halide lamp fixtures. (42 U.S.C. 6294(a)(2)(C)) To this end, the
FTC published a final rule in the Federal Register on July 9, 2008, amending 16 CFR
part 305, “Rule Concerning Disclosures Regarding Energy Consumption and Water Use
of Certain Home Appliances and Other Products Required Under the Energy Policy and
Conservation Act (‘Appliance Labeling Rule’).” 73 FR 39221. On October 23, 2008, the
FTC published in the Federal Register additional amendments to 16 CFR part 305 for
metal halide lamp fixtures in the form of technical corrections. 73 FR 63066. Both final
rules fulfilled the FTC’s obligations under EISA 2007 pertaining to labeling requirements
for metal halide lamp fixtures and metal halide ballasts.

1.4  PROCESS FOR SETTING ENERGY CONSERVATION STANDARDS

DOE considers the participation of interested parties a very important part of the
standards-setting process. DOE encourages the participation of all interested parties during the
comment period of each rulemaking stage. Beginning with the rulemaking Framework document
for metal halide lamp fixtures (hereafter “Framework document”) and during subsequent
comment periods, interactions among interested parties provide a balanced discussion of the
information that is required for the standards rulemaking.

In conducting the energy conservation standard rulemaking, DOE involves interested
parties through formal public notifications (i.e., Federal Register notices). For this metal halide
lamp fixture energy conservation standards rulemaking, DOE will employ the procedures set
forth in DOE’s Process Rule (“Procedures for Consideration of New or Revised Energy
Conservation Standards for Consumer Products,” 61 FR 36974 (July 15, 1996), 10 CFR part 430,
subpart C, appendix A) to the extent they are appropriate for developing energy conservation
standards for the metal halide lamp fixtures covered under this rulemaking.

Before DOE determines whether to establish or amend energy conservation standards for
metal halide lamp fixtures, it must first solicit comments on a proposed standard. (42 U.S.C.
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6295(0)(2)(B)(1)) DOE must design each new or amended standard for these products to achieve
the maximum improvement in energy efficiency that is technologically feasible and
economically justified, and would result in significant energy savings. (42 U.S.C. 6295(0)(2)(A)
and (3)) To determine whether a proposed standard complies with these requirements, DOE
must, after receiving comments on the proposed standard, determine whether the benefits of the
standard exceed its burdens to the greatest extent practicable, weighing the seven factors
described in section 1.2.

Subsequent to the publication of the Framework document, the standards rulemaking
process involves preliminary analyses followed by two additional formal, major public notices,
which are published in the Federal Register. The preliminary analyses are designed to publicly
vet the models and tools used in the rulemaking and to facilitate public participation before the
proposed rule stage. After the preliminary analyses are vetted, DOE issues the first major notice,
the NOPR, which discusses the comments received in response to the preliminary analyses of the
effects of standards on consumers, manufacturers, and the nation; DOE’s weighing of the effects;
and the proposed standards. The second notice is the final rule, which discusses the comments
received in response to the NOPR; the revised analysis of the effects of standards; DOE’s
weighing of the effects; the standards adopted by DOE; and the effective dates of the standards.

Table 1.4.1 Analyses under the Process Rule

Preliminary Analysis NOPR Final Rule*
Market and technology assessment Revised preliminary analyses Revised analyses
Screening analysis Life-cycle cost subgroup analysis
Engineering analysis Manufacturer impact analysis
Energy use characterization Utility impact analysis
Product price determination Employment impact analysis
Life-cycle cost and payback period analysis Environmental assessment
Shipments analysis Monetization of emissions reductions
National impact analysis Regulatory impact analysis
Preliminary manufacturer impact analysis

* During the final rule phase, DOE considers the comments submitted by the U.S. Department of Justice concerning
the impact of any lessening of competition that is likely to result from the imposition of the standard. (42 U.S.C.
6295(0)(2)(B)(v))

In December 2009, DOE published a rulemaking Framework document for metal halide
lamp fixtures that describes the procedural and analytical approaches DOE anticipated using to
evaluate the establishment of energy conservation standards for metal halide lamp fixtures. A
PDF copy of the Framework document is available at
http://www]1 .eere.energy.gov/buildings/appliance standards/rulemaking.aspx/ruleid/16.

DOE held a public meeting on January 26, 2010 (hereafter “Framework public meeting”)
to discuss procedural and analytical approaches to the rulemaking, and to inform and facilitate
the involvement of interested parties in the rulemaking process. The analytical framework
presented at the Framework public meeting described rulemaking analyses, such as the
engineering analysis and the life-cycle cost (LCC) and payback period (PBP) analysis, the
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methods proposed for conducting them, and the relationships among the various analyses. See
Table 1.4.1 for all the analyses discussed at the Framework public meeting to be undertaken in
each of the formal public rulemaking documents. PDF copies of the slides and other material
associated with the Framework public meeting are available at

http://www]1 .eere.energy.gov/buildings/appliance standards/rulemaking.aspx/ruleid/16.

During the Framework public meeting and the Framework document comment period,
interested parties, including manufacturers, trade associations, environmental advocates, and
others, submitted several comments about the MHLF rulemaking. The major issues discussed
were: (1) the rulemaking’s scope of coverage; (2) the development of equipment classes; (3) test
procedures; (4) a system approach and ballast efficiency metric; (5) the methodology for the
engineering analyses; (6) LCC analysis; (7) efficiency levels; and (8) energy savings. Interested
party comments submitted during the Framework document comment period elaborated on the
issues raised at the Framework public meeting. A detailed discussion of comments from
interested parties is available in chapter 2 of the preliminary TSD, available at
http://www]1 .eere.energy.gov/buildings/appliance standards/rulemaking.aspx/ruleid/16.

As part of the information gathering and sharing process, DOE organized and held
preliminary interviews with metal halide ballast manufacturers and MHLF manufacturers who
operate in the U.S. MHLF market. DOE had five objectives for these interviews: (1) solicit
feedback on the scope of coverage for the rulemaking; (2) solicit feedback on the engineering
analysis (including methodology, prices, and ballast technologies); (3) solicit feedback on topics
related to the preliminary manufacturer impact analysis; (4) provide an opportunity early in the
rulemaking process to express specific concerns to DOE; and (5) foster cooperation between
manufacturers and DOE. During the manufacturer interviews, DOE discussed these and other
issues regarding market data, distribution channels, anticipated consumer responses to standards,
production and product mix, conversion costs, and cumulative regulatory burden.

DOE published a notice announcing the availability of the preliminary analysis on April
1,2011 (76 FR 18127), and held a public meeting on April 18, 2011. At this meeting, DOE
presented the methodologies and results of the analyses set forth in the preliminary TSD.
Interested parties discussed the following major issues at the public meeting: (1) expected
changes to ANSI C82.6; (2) the planned amendment to the test procedure that would require multiple
input voltage ballasts be tested at each input voltage; (3) the issue of standby mode and ballast
designs that incorporate it; (4) the rationale for DOE’s proposed scope; (5) the possible utilization of
a system approach; (6) available technology options; (7) dimming; (8) considered equipment classes;
(9) the screening analysis and the anticipated incremental costs and efficiency improvements from
implementing these approved options; (10) the selection of representative wattages and fixtures for
each equipment class; (11) the candidate standard levels considered; (12) the considered
manufacturer production costs; (13) the use of normalized input power in DOE’s analysis; (14) the
approach taken to determine historical shipment data; (15) the trial standard levels considered; and
(16) the identification of key issues and evaluation of the potential effect of standards on
manufacturers. Written comments received since publication of the April 2011 notice, including
those received at the April 2011 public meeting, have contributed to DOE’s proposed resolution
of the issues in this rulemaking. A detailed discussion of comments from interested parties is
available in the NOPR Federal Register notice for this rulemaking.
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Following the publication of the preliminary analysis and the preliminary analysis public
meeting, DOE held additional meetings with manufacturers as part of the consultative process
for the manufacturer impact analysis conducted during the NOPR phase. The interviews covered
several key issues, including: (1) suitability of replacing magnetic ballasts with electronic
ballasts in all applications; (2) high capital and conversion costs associated with fixture redesign;
(3) appropriateness of investing in shrinking market; (4) diversion of resources from solid state
lighting and controls; (5) electronic ballast field testing; and (6) compatibility between high-
frequency ballasts and high efficacy lamps.

For the LCC, PBP, and national impact analyses (NIA), DOE developed spreadsheets
using Microsoft Excel. The LCC and PBP spreadsheets calculate the economic impacts of
replacing products with standards-compliant ones. The NIA spreadsheets calculate the national
energy savings and national net present values at various energy efficiency levels and include a
model that forecasts the effects of energy conservation standards at various levels on product
shipments. These spreadsheets are available at
http://www]1 .eere.energy.gov/buildings/appliance standards/rulemaking.aspx/ruleid/16.

1.5 STRUCTURE OF THE DOCUMENT

This NOPR TSD outlines the analytical approaches used in this rulemaking. The TSD
consists of 18 chapters and 9 appendices.

Chapter 1 Introduction: provides an overview of the appliance standards program
and how it applies to the rulemaking for metal halide lamp fixtures,
and outlines the structure of the document

Chapter 2 Analytical Framework: describes the rulemaking process, provides an
overview of each analysis, and discusses comments received during
the NOPR public meeting comment period

Chapter 3 Market and Technology Assessment: characterizes the MHLF market
and the technologies available for increasing ballast efficiency and
outlines equipment classes

Chapter 4 Screening Analysis: determines which technology design options are
viable for consideration in the engineering analysis

Chapter 5 Engineering Analysis: describes DOE’s approach to the engineering
analysis and discusses how manufacturer costs and selling prices relate
to ballast efficiency

Chapter 6 Markups Analysis: discusses the methods DOE used for establishing
markups from manufacturer selling price to installed customer prices

Chapter 7 Energy Use Analysis: discusses the sources and methods for
developing energy use estimates for metal halide lamp fixtures
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Chapter 8

Chapter 9

Chapter 10

Chapter 11

Chapter 12

Chapter 13

Chapter 14

Chapter 15

Chapter 16

Chapter 17

Chapter 18

Appendix 8A
Appendix 8B

Appendix 11A

Life-Cycle Cost and Payback Period Analysis: discusses the economic
effects of standards and compares the LCC and PBP of metal halide
lamp fixtures with and without higher energy conservation standards

Trial Standard Levels: discusses the efficiency levels for each
analyzed equipment class as they pertain to the trial standard levels
chosen for metal halide lamp fixtures

Shipments Analysis: discusses the methods used for forecasting
shipments with and without higher energy conservation standards

National Impact Analysis: describes the national forecast of energy
consumption, efficiency of new metal halide lamp fixtures, and annual
fixture sales in the absence or presence of new standards

Life-Cycle Cost Subgroup Analysis: discusses the methods to be used
to study the effects of standards on a subgroup of fixture consumers
and compares the LCC and PBP of product with and without higher
efficiency standards for these consumers

Manufacturer Impact Analysis: discusses the methods to be used to
study the effects of standards on the finances and profitability of metal
halide lamp fixtures, and presents preliminary manufacturer impact
analysis results

Employment Impact Analysis: discusses the methods to be used to
analyze the indirect effects of standards on national employment

Utility Impact Analysis: discusses the methods to be used to study the
effects of standards on electric utilities

Emissions Analysis: discusses the effects of standards on emissions of
carbon dioxide, nitrogen oxides, and mercury

Monetization of Emission Reduction Benefits: discusses the basis for
the estimated monetary values used for the reduced emissions of
carbon dioxide and other pollutants that are expected to result from
each of the trial standard levels considered

Regulatory Impact Analysis: discusses the methods to be used to
determine the impact of non-regulatory alternatives to energy
conservation standards

User Instructions for Life-Cycle Cost and Payback Period Spreadsheet
Estimation of Potential Equipment Price Trends

User Instructions for Shipments and NIA Spreadsheet
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CHAPTER 2. ANALYTICAL FRAMEWORK
2.1 INTRODUCTION

Sections 6295(0)(2)(A) and (3) of Title 42 United States Code (42 U.S.C. 6295(0)(2)(A)
and (3)) require that energy conservation standards set by the U.S. Department of Energy (DOE)
be technologically feasible and economically justified, and achieve the maximum improvement
in energy efficiency. This chapter describes the general analytical framework that DOE uses in
developing such standards, and in particular, standards for metal halide lamp fixtures (MHLF or
“fixtures”). The analytical framework is a description of the methodology, the analytical tools,
and relationships among the various analyses that are part of this rulemaking. For example, the
methodology that addresses the statutory requirement for economic justification includes
analyses of life-cycle cost (LCC); economic impact on manufacturers and users; national
benefits; impacts, if any, on utility companies; and impacts, if any, from lessening competition
among manufacturers. DOE will also solicit the views of the Department of Justice (DOJ) on any
lessening of competition that is likely to result from the imposition of a proposed standard.

Figure 2.1.1 summarizes the analytical components of the standards-setting process. The
central parts of this figure are the analyses contained in the boxes. The key inputs to the left and
key outputs to the right 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 interested
parties 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. While Figure 2.1.1 summarizes the inputs, outputs, and
analyses of a typical standards rulemaking, individual inputs and outputs may vary by
rulemaking.
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The analyses performed in the notice of proposed rulemaking (NOPR) stage and reported
in this technical support document (TSD) include:

e A market and technology assessment to characterize the MHLF market, identify
technology options that improve efficiency, and develop equipment classes.

e A screening analysis to review each technology option and determine if it is
technologically feasible; practical to manufacture, install, and service; would adversely
affect fixture utility or fixture availability; or would have adverse impacts on health and
safety.

e An engineering analysis to determine manufacturer selling prices (MSPs) associated with
more efficient metal halide lamp fixtures by estimating the manufacturer production cost
(MPC) and applying a manufacturer markup.

e A markups analysis that converts average MSPs to customer equipment prices.

e An energy use analysis to determine the annual energy consumption of metal halide lamp
fixtures.

e An LCC analysis that calculates, at the customer level, the discounted savings in
operating costs throughout the estimated average life of the fixture components,
compared to any increase in the installed costs likely to result directly from imposition of
the standard.

e A payback period (PBP) analysis to estimate the amount of time it takes customers to
recover the (typically) higher purchase expense of fixtures with more energy efficient
ballasts through lower operating costs.

e A shipments analysis to estimate yearly shipments of covered metal halide lamp fixtures
over the analysis period.

e A national impact analysis (NIA) that assesses the aggregate impacts at the national level
of potential energy conservation standards as measured by the net present value (NPV) of
total customer economic impacts and national energy savings (NES).

e An LCC subgroup analysis that evaluates the economic impacts on identifiable groups of
customers of metal halide lamp fixtures, including various categories of purchasers or
owners who may experience disproportionate impacts from a national energy
conservation standard.

e A manufacturer impact analysis (MIA) to calculate the financial impacts of energy

conservation standards on manufacturers and to identify impacts on competition,
employment at manufacturing plants, and manufacturing capacity.
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e An employment impact analysis that estimates the indirect impacts of standards on net
jobs eliminated or created in the general economy as a consequence of increased
spending on the installed price of metal halide lamp fixtures and reduced customer
spending on energy.

e A utility impact analysis that estimates the effects of proposed standards on the installed
capacity and the generating base of electric utilities. An emissions analysis to provide
estimates of the effects of amended energy conservation standards on emissions of carbon
dioxide (CO,), sulfur dioxide (SO,), nitrogen oxides (NOx), and mercury (Hg).

e A monetization of reduction of emission benefits from proposed standards.

e A regulatory impact analysis (RIA) that presents major alternatives to proposed standards
that may achieve comparable energy savings at a reasonable cost.

In response to comments it receives on the NOPR, DOE may revise some of its analyses
before publishing the final rule.

2.2 BACKGROUND

As described in chapter 1 of this NOPR TSD, in September 1995, DOE announced a
formal effort to consider further improvements to the process used to develop appliance
efficiency standards. DOE called on energy efficiency groups, manufacturers, trade associations,
state agencies, utilities, and other interested parties to provide input to this effort. As a result of
this combined effort, the DOE published “Procedures, Interpretations and Policies for
Consideration of New or Revised Energy Conservation Standards for Consumer Products” (the
“Process Rule”), 10 CFR part 430, subpart C, appendix A. The Process Rule outlined the
procedural improvements identified by the interested parties and included a review of the: (1)
economic models; (2) analytic tools; (3) methodologies; (4) non-regulatory approaches; and (5)
prioritization of future rules. The Process Rule recommended that DOE take into account
uncertainty and variability by carrying out scenario or probability analysis.

DOE developed the analytical framework for the MHLF rulemaking under the Process
Rule. DOE documented this analytical framework in the “Energy Conservation Standards
Rulemaking Framework Document for Metal Halide Lamp Fixtures” (hereafter, “Framework
document”), and presented the analytical approach to stakeholders during a public meeting held
on January 26, 2010 (hereafter “Framework public meeting”). This document is available at
www .eere.energy.gov/buildings/appliance_standards/product.aspx/productid/49. The following
sections provide a general description of the different analytical components of the rulemaking
framework.

2.3 MARKET AND TECHNOLOGY ASSESSMENT

The market and technology assessment characterizes the relevant equipment markets and
existing technology options, including prototype designs, and outlines equipment classes.
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2.3.1 Market Assessment

When initiating a standards rulemaking, DOE develops information on the industry
structure and market characteristics of the equipment concerned. This activity consists of both
quantitative and qualitative efforts to assess the industry based on publicly available information.
As such, DOE addresses: (1) industry structure and manufacturer market shares; (2) existing
regulatory and non-regulatory efficiency improvement initiatives; and (3) trends in equipment
characteristics and retail markets. This information serves as resource material throughout the
rulemaking.

DOE has used and will use the most reliable and accurate data available at the time of
each analysis in this rulemaking. DOE welcomes and will consider any submissions of additional
data.

2.3.2 Technology Assessment

DOE typically uses information relating to existing technology options to develop more
efficient metal halide lamp ballast designs. DOE prepared a list of technologies for consideration
that could improve the efficiency of this equipment. To develop this list, DOE reviewed
manufacturer catalogs, recent trade publications, and technical journals, and consulted with
technical experts.

2.3.3 Equipment Classes

DOE divides covered equipment into classes by: (a) the type of energy used; and (b)
capacity of the product or any other performance-related feature that justifies different standard
levels, such as features affecting consumer utility. (42 U.S.C. 6295(q)) In general, DOE defined
equipment classes using information obtained from manufacturers, trade association, and other
interested parties.

For more detail on the market and technology assessment, see chapter 3 of the NOPR
TSD.

2.4  SCREENING ANALYSIS

The screening analysis examines the technology options from the technology assessment
as to whether they: (1) are technologically feasible; (2) are practical to manufacture, install, and
service; (3) do not have an adverse impact on equipment utility or availability; and (4) do not
have adverse impacts on health and safety. As described in section 2.3.2, DOE develops an
initial list of technology options from the technologies identified in the technology assessment.
Then, in consultation with interested parties, DOE reviews the list to determine if these
technologies meet the screening criteria. In the engineering analysis, DOE only considers design
options that meet all four of the screening criteria.

For more detail on the screening analysis, see chapter 4 of the NOPR TSD.



2.5 ENGINEERING ANALYSIS

DOE performed an engineering analysis to establish the relationship between the MPC
and the energy efficiency of metal halide lamp ballasts. The relationship between the MPC and
energy efficiency serves as the basis of the cost-benefit calculations for individual customers,
manufacturers, and the Nation.

In the engineering analysis, DOE selects representative equipment classes to analyze. It
then selects representative wattages within those representative equipment classes, and develops
fixture designs that represent more efficient versions of the baseline fixtures. DOE then uses
these fixture designs to develop efficiency levels and calculates price for each of these levels.
The primary output of the engineering analysis is a set of cost-efficiency curves. In a subsequent
LCC analysis (chapter 8 of the NOPR TSD), DOE used the cost-efficiency curves to determine
customer prices for equipment by applying the appropriate distribution channel markups. The
engineering analysis also develops system power ratings in which DOE uses to develop energy
use in chapter 7 of the NOPR TSD.

2.5.1 Representative Equipment Classes

DOE reviewed covered metal halide lamp fixtures and the associated equipment classes.
DOE identified and selected certain equipment classes as “representative” equipment classes and
concentrated its analytical effort on these classes. DOE chose these representative equipment
classes primarily because of their high market volumes.

2.5.2 Baseline Fixtures

DOE selected representative fixture types within each representative equipment class. For
each representative equipment class, DOE selected a baseline model as a reference point against
which to measure changes resulting from energy conservation standards. Typically, a baseline
fixture is a unit that just meets current federal energy conservation standards and provides basic
customer utility. To determine energy savings and changes in price, DOE compared each higher
energy efficiency level with the baseline unit. DOE considered the ballast’s characteristics in
choosing the most appropriate baseline ballast for each fixture type. These characteristics include
the ballast’s starting method, input voltage, and electronic configuration (electronic vs.
magnetic). For some of the representative equipment classes, DOE selected multiple baseline
fixtures to ensure consideration of different high-volume fixtures and their associated customer
economics.

2.5.3 More Efficient Ballast Designs

DOE selected more efficient ballasts for each of the baseline models considered for each
representative equipment class. DOE only considered technologies that met all four criteria in the
screening analysis. DOE considered these technologies either explicitly as design options or
implicitly as design options incorporated into commercially available fixtures at the efficiency
levels evaluated. In identifying the more efficient substitutes, DOE surveyed and tested many of
the manufacturers’ equipment offerings for ballast efficiency to identify the efficiency levels
corresponding to the highest number of models.



2.5.4 Efficiency Levels

Having identified the more efficient substitutes for each of the baseline fixtures, DOE
developed efficiency levels based on the consideration of several factors including: (1) the
design options associated with the specific ballasts being studied; (2) the maximum
technologically feasible level.

For more detail on the engineering analysis, see chapter 5 of the NOPR TSD.
2.6 MARKUPS ANALYSIS

In this rulemaking, DOE performed teardown analyses and a manufacturer markup
analysis to develop MSPs for representative equipment classes (chapter 5 of the NOPR TSD).
DOE then applied distribution channel markups and sales tax to derive end-user prices (chapter 6
of the NOPR TSD). By combining the engineering analysis results and the distribution channel
markups analysis, DOE derived typical inputs for use in the LCC analysis and the NIA.

For more detail on the markups analysis, see chapter 6 of the NOPR TSD.
2.7 ENERGY USE ANALYSIS

The energy use analysis provides estimates of annual energy use for representative metal
halide lamp fixtures that DOE evaluates in the LCC and PBP analysis and the NIA. To develop
annual energy use estimates, DOE multiplied annual usage (in hours per year) by the system
input power (in watts). To derive annual energy usage, DOE used data published in the 2010
U.S. Lighting Market Characterization.'

For more detail on the energy use analysis, see chapter 7 of the NOPR TSD.
2.8 LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS

Energy conservation standards on equipment usually reduce operating expenses and
increase initial end-user prices. DOE analyzed the net effect of amended standards on end users
by evaluating the net LCC using the cost-efficiency relationship derived in the engineering
analysis, as well as the energy usage and costs derived from the energy use analysis. Inputs to the
LCC calculation include the installed cost to the end user (purchase price plus installation cost);
operating expenses (energy expenses and maintenance costs); the lifetime of the fixture, ballast,
and lamp; and a discount rate. Chapter 8 of the NOPR TSD describes these inputs.

DOE estimated electricity prices for commercial and industrial customers by using
Energy Information Administration (EIA) data. EIA’s Annual Energy Outlook (AEO2012) was
the default source of projections for future electricity prices.

' U.S. Department of Energy—Office of Energy Efficiency and Renewable Energy. Final Report: 2010 U.S. Lighting
Market Characterization. 2012. Washington, D.C.
http://apps|.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf.
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For more detail on the LCC and PBP analysis, see chapter 8 of the NOPR TSD.
2.9 TRIAL STANDARD LEVELS

Trial standard levels (TSLs) examine combinations of efficiency levels across the
different equipment classes for maximum technological feasibility, maximum energy savings,
maximum net present value (NPV), and other metrics.

For more detail on the TSLs, see chapter 9 of the NOPR TSD.
2.10 SHIPMENTS ANALYSIS

Shipments of metal halide lamp fixtures are key inputs to the NES and NPV calculations
in the NIA model. Shipments are also a necessary input to the MIA. DOE followed a three-step
process to project MHLF shipments. First, DOE used historical shipment data from the U.S.
Census Bureau to estimate the total historical shipments of each fixture type analyzed. Second,
DOE calculated an installed stock for each fixture type based on the average service lifetime of
each fixture type. Third, by modeling fixture purchasing events, such as replacement and new
construction, and applying growth rate, replacement rate, and emerging technologies penetration
rate assumptions, DOE developed annual shipment projections.

2.10.1 Shipment Scenarios

To calculate shipments, DOE created several base-case and standards-case shipment
scenarios. As rapidly emerging new lighting technologies (such as light-emitting diodes) and
existing technologies (high-intensity fluorescent) could penetrate the MHLF market and
significantly affect shipment projections, DOE creates two base-case shipment scenarios: low
fixture shipments and high fixture shipments. The high shipments scenario assumes more limited
penetration of other higher-efficiency equipment than the low shipments scenario.

To characterize customer behavior in the standards case, DOE developed a “roll-up”
shipment scenario. The roll-up scenario represents a standards case in which all equipment in the
base case that do not meet the standard would roll up to meet the new standard level. Customers
who in the base case purchase fixtures above the standard level are not affected as they are
assumed to continue to purchase the same base-case fixture in the roll-up scenario. The roll-up
scenario characterizes customers primarily driven by the first-cost of the fixture.

2.11 NATIONAL IMPACT ANALYSIS

The NIA assesses the NPV of total end-user LCC and NES. DOE determined both the
NPV and NES for the performance levels considered for the fixture equipment classes analyzed.
To make the analysis more transparent to all interested parties, DOE prepared an NIA
spreadsheet model to forecast energy savings and the national economic costs and savings
resulting from amended standards. DOE assessed the aggregate economic impacts at the national
level for this NOPR analysis. Chapter 11 of the NOPR TSD describes DOE’s assessment of the
aggregate economic impacts at the national level.
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2.11.1 National Energy Savings Analysis

The inputs for determining NES are (1) annual energy consumption per unit; (2)
shipments; (3) stock; (4) national energy consumption (calculated from consumption per unit and
equipment stock); (5) site-to-source conversion factors; and (6) rebound rates. DOE calculated
the national energy consumption by multiplying the number of units, or stock, of metal halide
lamp fixtures (by vintage, which represents the age of the fixtures) by the unit energy
consumption (also by vintage). Then, DOE calculated national annual energy savings from the
difference between national energy consumption in the base case (without amended efficiency
standards) and in each higher-efficiency standards case. DOE estimated energy consumption and
savings based on site energy, and converted the electricity consumption and savings to source
energy. DOE also examined potential rebound effects (an energy savings “take-back’) based on
customer usage patterns. Cumulative energy savings are the sum of the annual NES, which DOE
determined over specific time periods.

2.11.2 Net Present Value Analysis

DOE used five inputs to determine the NPV: (1) total annual installed cost; (2) total
annual operating cost savings; (3) discount factor; (4) present value of costs; and (5) present
value of savings. DOE calculates net savings each year as the difference between total operating
cost savings and increases in total installed costs (including price and installation cost). DOE
calculates savings over the life of the equipment, accounting for differences in yearly energy
rates. DOE calculates NPV as the difference between the present value of operating cost savings
and the present value of increased total installed costs. DOE discounts future costs and savings to
the present with a discount factor.

DOE calculated increases in total installed costs as the product of the difference in the
total installed cost between the base case, and standards case and the annual shipments in the
standards case. Because purchase costs of the higher-efficiency equipment in the standards case
are generally greater than the purchase costs of equipment in the base case, price increases
appear as negative values in the NPV. DOE expressed operating cost savings as decreases in
operating costs associated with the lower energy consumption of equipment in the standards case
compared to the base efficiency case. Total operating cost savings are the product of savings per
unit and the number of units of each vintage surviving in a particular year.

2.12 LIFE-CYCLE COST SUBGROUP ANALYSIS

A customer subgroup comprises a subset of the population that could, for one reason or
another, be affected disproportionately by new or amended energy conservation standards. In this
NOPR, DOE identified utilities, owners of transportation facilities, and warehouse owners as
customers that could be disproportionately impacted by the proposed standards. The LCC
subgroup analysis evaluates the effects on these customer subgroups by accounting for variations
in key inputs to the LCC analysis.

For more detail on the LCC subgroup analysis, see chapter 12 of the NOPR TSD.



2.13 MANUFACTURER IMPACT ANALYSIS

DOE performed an MIA to estimate the financial impact of higher energy conservation
standards on MHLF manufacturers, and to calculate the impact of such standards on domestic
manufacturing employment and capacity. The MIA has both quantitative and qualitative aspects.
The quantitative part of the MIA primarily relies on two separate Government Regulatory Impact
Models (GRIMs)—industry-cash-flow models customized for this rulemaking. The GRIM inputs
are data characterizing the industry cost structure, shipments, and revenues. The key output is the
industry NPV. Different sets of assumptions (scenarios) 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 an assessment of the impacts of standards
on subgroups of manufacturers. The complete MIA is outlined in chapter 13 of the NOPR TSD.

DOE conducted the MIA in three phases. Phase 1, “Industry Profile,” consisted of the
preparation of an industry characterization. Phase 2, “Industry Cash Flow,” focused on the
industry as a whole. DOE used publicly available information developed in Phase 1 to adapt the
GRIM structure to facilitate the analysis of amended ballast standards. In Phase 3, “Subgroup
Impact Analysis,” DOE conducted interviews with manufacturers representing the majority of
domestic metal halide ballast and fixture sales. During these interviews, DOE discussed
engineering, manufacturing, procurement, and financial topics specific to each company, and
also obtained each manufacturer’s view of the industry as a whole. The interviews provided
valuable information DOE used to evaluate the impacts of an amended energy conservation
standard on manufacturer cash flows, manufacturing capacities, and employment levels.

2.14 EMPLOYMENT IMPACT ANALYSIS

The imposition of standards can affect employment both directly and indirectly. Direct
employment impacts are changes in the number of employees at the factories that produce the
covered fixture types, along with the affiliated distribution and service companies, resulting from
the imposition of new standards. DOE evaluates direct employment impacts in the MIA. Indirect
employment impacts may result from expenditures shifting between goods (the substitution
effect) and changes in income and overall expenditure levels (the income effect) that occur due
to the imposition of standards. The combined direct and indirect employment effects are
investigated in the employment impact analysis using the Pacific Northwest National
Laboratory’s “Impact of Sector Energy Technologies” (ImSET) model. The ImnSET model was
developed for DOE’s Office of Planning, Budget, and Analysis, and estimates the employment
and income effects of energy-saving technologies in buildings, industry, and transportation. In
comparison with simple economic multiplier approaches, InSET allows for more complete and
automated analysis of the economic impacts of energy conservation investments.

For more detail on the employment impact analysis, see chapter 14 of the NOPR TSD.
2.15 UTILITY IMPACT ANALYSIS

The utility impact analysis includes an analysis of the impact of higher energy
conservation standards on the electric utility industries. DOE adapted the National Energy
Modeling System (NEMS) produced by EIA for this analysis. NEMS is a large, multi-sector,
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general-equilibrium model of the U.S. energy sector that has been developed over the past
decade by EIA, primarily for preparing DOE’s AEQ. In prior rulemakings, a variant of NEMS
(currently termed “NEMS-BT,” BT referring to the DOE’s Building Technologies Program) was
developed to better address the specific impacts of an equipment efficiency standard.

The NEMS produces a widely recognized baseline energy projection for the United
States through the year 2035, and is available in the public domain. The typical NEMS outputs
include projections of electricity sales, price, and avoided electric generating capacity.

DOE conducted the utility impact analysis as a scenario departing from the latest AEO
reference case generated by NEMS-BT. In other words, the energy-saving impacts from
amended energy conservation standards were modeled using NEMS-BT to generate forecasts
that deviate from the AEO reference case. The utility impact analysis is discussed in more detail
in chapter 15 of the NOPR TSD.

2.16 EMISSIONS ANALYSIS

In the emissions analysis, DOE estimated the reduction in power sector emissions of
CO,, SO, NOy, and Hg using the NEMS-BT computer model. In the emissions analysis, NEMS-
BT is run similarly to the AEO NEMS, except that MHLF energy use is reduced by the amount
of energy saved (by fuel type) due to each considered standard level. The inputs of NES come
from the NIA spreadsheet model, while the output is the forecasted physical emissions. The net
benefit of each considered standard level is the difference between the forecasted emissions
estimated by NEMS-BT at that level and the AEO2012 Reference Case.

For more detail on the emissions analysis, see chapter 16 of the NOPR TSD.

2.16.1 Carbon Dioxide

In the absence of any federal emissions control regulation of power plant emissions of
CO,, a DOE standard is likely to result in reductions of these emissions. The CO, emission
reductions likely to result from a standard will be estimated using NEMS-BT and NES estimates
drawn from the NIA spreadsheet model. The net benefit of the standard is the difference between
emissions estimated by NEMS-BT at each standard level considered and the AEO reference case.
NEMS-BT tracks CO, emissions using a detailed module that provides results with broad
coverage of all sectors and inclusion of interactive effects.

2.16.2 Sulfur Dioxide

SO, emissions from affected electric generating units (EGUs) are subject to nationwide
and regional emissions cap-and-trade, and DOE has preliminarily determined that these
programs create uncertainty about the potential standards’ impact on SO, emissions. Title IV of
the Clean Air Act sets an annual emissions cap on SO, for affected EGUs in the 48 contiguous
states and the District of Columbia (D.C.). SO, emissions from 28 eastern states and D.C. were
also limited under the Clean Air Interstate Rule (CAIR, 70 Fed. Reg. 25162 (May 12, 2005)),
which created an allowance-based trading program. Although CAIR was remanded to the U.S.
Environmental Protection Agency (EPA) by the U.S. Court of Appeals for the District of
Columbia Circuit (D.C. Circuit) (see North Carolina v. EPA, 550 F.3d 1176 (D.C. Cir. 2008)), it
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remained in effect temporarily, consistent with the D.C. Circuit’s earlier opinion in North
Carolina v. EPA, 531 F.3d 896 (D.C. Cir. 2008). On July 6, 2011 EPA issued a replacement for
CAIR, the Cross-State Air Pollution Rule (CSAPR). 76 FR 48208 (Aug. 8, 2011). (See
www.epa.gov/crossstaterule/). On December 30, 2011, however, the D.C. Circuit stayed the new
rules while a panel of judges reviews them, and told EPA to continue enforcing CAIR (see EME
Homer City Generation v. EPA, No. 11-1302, Order at *2 (D.C. Cir. Dec. 30, 2011)). On August
21, 2012, the D.C. Circuit vacated CSAPR. See EME Homer City Generation, LP v. EPA, No.
11-1302, 2012 WL 3570721 at *24 (D.C. Cir. Aug. 21, 2012). The court required EPA to
continue administering CAIR.

The attainment of emissions caps is typically flexible among EGUs and is enforced
through the use of emissions allowances and tradable permits. Under existing EPA regulations,
any excess SO, emissions allowances resulting from the lower electricity demand caused by the
imposition of an efficiency standard could be used to permit offsetting increases in SO,
emissions by any regulated EGU. In past rulemakings, DOE recognized that there was
uncertainty about the effects of efficiency standards on SO, emissions covered by the existing
cap-and-trade system, but it concluded that no reductions in power sector emissions would occur
for SO, as a result of standards.

Beginning in 2015, however, SO, emissions will fall as a result of the Mercury and Air
Toxics Standards (MATS) for power plants, which were announced by EPA on December 21,
2011. 77 FR 9304 (Feb. 16, 2012). In the final MATS rule, EPA established a standard for
hydrogen chloride as a surrogate for acid gas hazardous air pollutants (HAP), and also
established a standard for SO, (a non-HAP acid gas) as an alternative equivalent surrogate
standard for acid gas HAP. The same controls are used to reduce HAP and non-HAP acid gas;
thus, SO, emissions will be reduced as a result of the control technologies installed on coal-fired
power plants to comply with the MATS requirements for acid gas. AEO2012 assumes that, in
order to continue operating, coal plants must have either flue gas desulfurization or dry sorbent
injection systems installed by 2015. Both technologies, which are used to reduce acid gas
emissions, also reduce SO, emissions. Under the MATS, NEMS shows a reduction in SO,
emissions when electricity demand decreases (e.g., as a result of energy efficiency standards).
Emissions will be far below the cap that would be established by CSAPR, so it is unlikely that
excess SO, emissions allowances resulting from the lower electricity demand would be needed
or used to permit offsetting increases in SO, emissions by any regulated EGU. Therefore, DOE
believes that efficiency standards will reduce SO, emissions in 2015 and beyond.

2.16.3 Nitrogen Oxides

CSAPR established a cap on NOy emissions in 28 eastern States and the District of
Columbia. Energy conservation standards are expected to have little effect on NOy emissions in
those States covered by CSAPR because excess NOy emissions allowances resulting from the
lower electricity demand could be used to permit offsetting increases in NOy emissions.
However, standards would be expected to reduce NOy emissions in the States not affected by the
caps, so DOE estimated NOy emissions reductions from the standards considered for these
States.
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2.16.4 Mercury

The MATS limit Hg emissions from power plants, but they do not include emissions caps
and, as such, DOE’s energy conservation standards would likely reduce Hg emissions. DOE
estimated mercury emissions reduction using NEMS-BT based on AEQ2012, which incorporates
the MATS.

2.16.5 Particulate Matter

DOE acknowledges that particulate matter (PM) exposure can impact human health.
Power plant emissions can have either direct or indirect impacts on PM. A portion of the
pollutants emitted by a power plant are in the form of particulates as they leave the smoke stack.
These are direct, or primary, PM emissions. However, the great majority of PM emissions
associated with power plants are in the form of secondary sulfates, which are produced at a
significant distance from power plants by complex atmospheric chemical reactions that often
involve the gaseous (non-particulate) emissions of power plants, mainly SO, and NOy. The
quantity of the secondary sulfates produced is determined by a very complex set of factors
including the atmospheric quantities of SO, and NOy, and other atmospheric constituents and
conditions. Because these highly complex chemical reactions produce PM comprised of different
constituents from different sources, EPA does not distinguish direct PM emissions from power
plants from the secondary sulfate particulates in its ambient air quality requirements, PM
monitoring of ambient air quality, or PM emissions inventories. For these reasons, it is not
currently possible to determine how the amended standard impacts either direct or indirect PM
emissions. Therefore, DOE is not planning to assess the impact of these standards on PM
emissions.

2.17 MONETIZING CARBON DIOXIDE AND OTHER EMISSIONS REDUCTIONS

DOE plans to consider the estimated monetary benefits likely to result from the reduced
emissions of CO, and NOx that are expected to result from each of the standard levels
considered.

In order to estimate the monetary value of benefits resulting from reduced emissions of
CO,, DOE plans to use the most current Social Cost of Carbon (SCC) values developed and/or
agreed to by an interagency process. The SCC is intended to be a monetary measure of the
incremental damage resulting from greenhouse gas (GHG) emissions, including, but not limited
to, net agricultural productivity loss, human health effects, property damage from sea level rise,
and changes in ecosystem services. Any effort to quantify and to monetize the harms associated
with climate change will raise serious questions of science, economics, and ethics. But with full
regard for the limits of both quantification and monetization, the SCC can be used to provide
estimates of the social benefits of reductions in GHG emissions.

At the time of this notice, the most recent interagency estimates of the potential global
benefits resulting from reduced CO, emissions 2015 were $6.2, $25.7, $41.5, and $78.7 per
metric ton avoided (values expressed in 20128). For emissions reductions that occur in later
years, these values grow in real terms over time. Additionally, the interagency group determined
that a range of values from 7 percent to 23 percent should be used to adjust the global SCC to
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calculate domestic effects, although DOE will give preference to consideration of the global
benefits of reducing CO, emissions. To calculate a present value of the stream of monetary
values, DOE will discount the values in each of the four cases using the discount rates that had
been used to obtain the SCC values in each case.

DOE recognizes that scientific and economic knowledge continues to evolve rapidly as to
the contribution of CO, and other GHG to changes in the future global climate and the potential
resulting damages to the world economy. Thus, these values are subject to change.

DOE also intends to estimate the potential monetary benefit of reduced NOx emissions
resulting from the standard levels it considers. For NOy emissions, available estimates suggest a
very wide range of monetary values for NOx emissions, ranging from $468 to $4,805 per ton in
2012$.% In accordance with U.S. Office of Management and Budget (OMB) guidance, DOE will
conduct two calculations of the monetary benefits derived using each of the economic values
used for I\gOX, one using a real discount rate of 3 percent and another using a real discount rate of
7 percent.

DOE is evaluating appropriate monetization of Hg emissions in energy conservation
standards rulemakings.

See chapter 17 of the NOPR TSD for more detail on the monetization of emissions
reductions.

2.18 REGULATORY IMPACT ANALYSIS

DOE prepared an RIA pursuant to Executive Order 12866, “Regulatory Planning and
Review,” 58 FR 51735, Oct. 4, 1993, which is subject to review under the Executive Order by
the Office of Information and Regulatory Affairs at the OMB. The RIA addressed the potential
for non-regulatory approaches to supplant or augment energy conservation standards to improve
the energy efficiency of metal halide lamp fixtures on the market. The RIA is discussed in more
detail in chapter 18 of the NOPR TSD.

2.19 DEPARTMENT OF JUSTICE REVIEW

Section 325(0)(2)(B)(1)(V) of the Energy Policy and Conservation Act states that, before
the Secretary of Energy may prescribe a new or amended energy conservation standard, the
Secretary shall ask the U.S. Attorney General to make a determination of “the impact of any
lessening of competition...that is likely to result from the imposition of the standard.” (42 U.S.C.
6295) Pursuant to this requirement, DOE will solicit the views of DOJ on any lessening of
competition that is likely to result from the imposition of a proposed standard and will give the
views provided full consideration in assessing economic justification of a proposed standard.

? For additional information, refer to U.S. Office of Management and Budget, Office of Information and Regulatory
Affairs, 2006 Report to Congress on the Costs and Benefits of Federal Regulations and Unfunded Mandates on
State, Local, and Tribal Entities, Washington, DC.

* OMB, Circular A-4: Regulatory Analysis (Sept. 17, 2003).
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CHAPTER 3. MARKET AND TECHNOLOGY ASSESSMENT

3.1 INTRODUCTION

This chapter consists of three sections: the market assessment, the technology
assessment, and the equipment classes. The market assessment provides an overall picture of the
market for the equipment concerned, including the nature of the equipment, industry structure,
and manufacturer market shares; regulatory and non-regulatory efficiency improvement
programs; and market trends and quantities of equipment sold. The technology assessment
identifies a preliminary list of technologies considered in the screening analysis. The equipment
classes section discusses the equipment classes the U.S. Department of Energy (DOE) proposes
using for this rulemaking and how they were developed.

The information DOE gathers from the market and technology assessment serves as
resource material for use throughout the rulemaking. DOE considers both quantitative and
qualitative information from publicly available sources and interested parties.

3.1.1 Definitions

The Energy Independence and Security Act of 2007 (Pub. L. 110-140; EISA 2007) added
definitions to the Energy Policy and Conservation Act (42 U.S.C. 6311-6316; EPCA) for metal
halide lamp fixture (MHLF or “fixture”) and associated terms. DOE codified the statutory
definitions and definitions of supplementary terms for metal halide lamp fixtures in the Code of
Federal Regulations (CFR). 10 CFR 431.322. The following sections describe, in greater detail,
EPCA definitions for metal halide lamp fixture, metal halide lamp, metal halide ballast, ballast,
electronic ballast, probe-start metal halide ballast, pulse-start metal halide ballast, and ballast
efficiency. These terms help define the scope of energy conservation standards for metal halide
lamp fixtures.

3.1.1.1 Metal Halide Lamp Fixture

Section 321(64) of EPCA broadly defines metal halide lamp fixtures as: “light fixture for
general lighting application designed to be operated with a metal halide lamp and a ballast for a
metal halide lamp.” (42 U.S.C. § 6291(64))

3.1.1.2 Metal Halide Lamp

Section 321(63) of EPCA defines metal halide lamp as: “a high intensity discharge lamp
in which the major portion of the light is produced by radiation of metal halides and their
products of dissociation, possibly in combination with metallic vapors.” (42 U.S.C. § 6291(63))
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3.1.1.3 Metal Halide Ballast

Section 321(62) of EPCA defines metal halide ballast as: “a ballast used to start and
operate metal halide lamps.” (42 U.S.C. § 6291(62))

3.1.1.4 Ballast and Electronic Ballast

Section 321 of EPCA defines ballast as: “a device used with an electric discharge lamp to
obtain necessary circuit conditions (voltage, current, and waveform) for starting and operating.”
(42 U.S.C. § 6291(58)) Electronic ballast is defined as: “a device that uses semiconductors as the
primary means to control lamp starting and operation.” (42 U.S.C. § 6291(60))

3.1.1.5 Probe-Start Metal Halide Ballast

Sections 321(65)(A) and (B) of EPCA define probe-start metal halide ballast as: “a
ballast that—

(A) starts a probe-start metal halide lamp that contains a third starting electrode (probe) in
the arc tube; and

(B) does not generally contain an igniter but instead starts lamps with high ballast open
circuit voltage.”

(42 U.S.C. 6291(65))
3.1.1.6 Pulse-Start Metal Halide Ballast
Sections 321(66)(A) and (B) of EPCA define pulse-start metal halide ballast as:

“(A) In general.— The term “pulse-start metal halide ballast” means an electronic or
electromagnetic ballast that starts a pulse-start metal halide lamp with high voltage
pulses.
(B) Starting process.— For the purpose of subparagraph (A)—
(1) lamps shall be started by first providing a high voltage pulse for ionization of
the gas to produce a glow discharge; and
(i1) to complete the starting process, power shall be provided by the ballast to
sustain the discharge through the glow-to-arc transition.”

(42 U.S.C. 6291(66))
3.1.1.7 Ballast Efficiency

Section 321(59)(A) of EPCA (42 U.S.C. § 6291(59)(A)) defines ballast efficiency (BE)
as: “in the case of a high intensity discharge fixture, the efficiency of a lamp and ballast
combination, expressed as a percentage, and calculated in accordance with the following
formula: Efficiency = Poy/Pin.”

Section 321(59)(B) of EPCA clarifies the definition of the calculations for ballast
efficiency or P,,/P;i, by defining the following:
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“(1) Poyt shall equal the measured operating lamp wattage;
i1) P;, shall equal the measured operating input wattage”
q P g mp g

(42 U.S.C. § 6291(59)(B))

3.2 MARKET ASSESSMENT

The following market assessment identifies the manufacturer trade association and
domestic manufacturers of metal halide lamp fixtures and ballast; discusses manufacturer market
share, regulatory programs, and non-regulatory initiatives; defines equipment classes; provides
historical shipment data, shipment projections, and equipment lifetime estimates; and
summarizes market performance data.

3.2.1 Trade Associations

The National Electrical Manufacturers Association (NEMA) is the trade association for metal
halide lamp fixtures and ballasts. NEMA’s Lighting Systems Division is one of eight product
divisions. The division’s 47 member companies compose 85 to 95 percent of the U.S.
commercial and industrial market, as well as large portions of the institutional and educational
markets.' In addition to metal halide lamp fixtures and ballasts, NEMA’s Lighting Systems
Division also oversees products such as metal halide lamps, other high-intensity discharge (HID)
equipment, fluorescent lamps and ballasts, solid-state lighting (SSL), emergency lighting
technologies, lighting controls, and fixtures in general. NEMA provides an organization through
which manufacturers of lighting equipment can work together on projects that affect their
industry and business. NEMA’s activities relating to energy efficiency include:

¢ advising DOE and executive agencies on lighting research and market transformation
needs;

e engaging in legislative work on energy and lighting issues;

e monitoring energy efficiency rulemakings and standards affecting lighting products by
federal and state agencies;

e supporting adoption of 1999 American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) and the Illuminating Engineering Society of North
America (IESNA) 90.1 lighting provisions (hereafter ASHRAE/IESNA 90.1);

e working with market transformation and environmental groups to advance market use of
energy efficient lighting technologies;

e advising DOE and the U.S. Environmental Protection Agency (EPA) on ENERGY
STAR® Buildings and ENERGY STAR voluntary product labeling programs; and

e advocating market-based approaches to enhance the use and penetration of energy
efficient technologies.
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3.2.2 Manufacturers and Market Share

The fixture market is composed of several domestic and international manufacturers. The
following list contains the names of manufacturers that are part of the Luminaire Section of
NEMA:

* Acuity Brands Lighting

* Arcalux Corporation

» Cooper Controls

* Cooper Lighting

*  Emerson/EGS Electrical Group

* GE Consumer and Industrial of General Electric, Inc. (hereafter, “GE”)
* Genlyte Group/Lightolier/Gardco — Philips Lighting

* Holophane

* Hubbell Lighting

* Inter-Global, Inc.

* Juno Lighting Group

* Light One Inc.

* Lithonia Lighting

* National Cathode Corp

* OSRAM SYLVANIA of Siemens AG (hereafter “Osram Sylvania”)
* Ruud Lighting Inc.

e Technical Consumer Products, Inc.

* Thomas & Betts Corporation

* Philips

* Venture Lighting International
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Several manufacturers are owned by parent companies that make up the majority of the
market. For covered equipment, the majority of the MHLF market is held by NEMA members

and non-members, which include:

GE

Osram Sylvania
Philips Lighting
Acuity Brands Lighting
Cooper Lighting
Hubbell Lighting

Juno Lighting Group

Venture Lighting International

Additional metal halide lamp fixtures manufacturers include:

ABS Lighting G Lighting

Access Fixtures GSS Global Solutions
Acting Chile-Appleton Healthcare Lighting
Agency Southern Cone HessAmerica
Arcalux Hunza Lighting USA
Architectural Details, ICOF Inc.

Inc. ICOF International
Architectural Lighting Insight Lighting
Works Intense Lighting

Atlantic Lighting, Inc.

K.J. Lighting Sales

Atlas Lighting Kenall Manufacturing
Rig-A-Lite Kirling Company
Baero LDPI Inc.

Bega Legion Lighting
Babican Architectural Company

Products LightGuard

Barn Light Electric Lighting Nelson &
Better Designed Lighting Garrett

C.W. Cole & Company Lighting Services

CD Lighting Light Makers

CGF Design Inc. Litelab

Con-Tech Lighting LITON

Custom Metalcraft LSI Industries

Deco Lighting Lumascape USA
Deep Roof Lighting Lumca

DMF Lighting Solutions Lumenelle

Dynamic Lighting Lumenform Industries
Solutions Lumenton Lighting
Amerlux Lighting Luminis

Solutions Manning Lighting
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Neonlite Electronic &
Lighting

Paramount Industries
Pauluhn

Phoenix Products
Pinnacle Architectural
Lighting

Prisma Architectural
Lighting

Qualite Sports
Lighting

Rambusch Lighting
Reggiani Lighting
Reyk Lighting

Ruud Lighting Canada
Satco Products
Schreder Lighting
USA

Selux Corporation
Sheed Lighting
Sheedlight

Sleeve Off Design
Spectrum Lighting
SPI Lighting

Spot on Lighting
Spring City Electrical
Mfg Co

Stanpro Lighting
Systems

Sternberg Lighting



Eclipse Lighting Martin Professional Systems

EECOL Electric Metalumen StressCrete Group
Elite Lighting Meyda Custom Swivelier

Energie Lighting Lighting Tech Lighting
Energy Focus, Inc. Mohandesi Mahshid Teddico
Engineering Products Sepahan The Lighting Quotient
Company Moutain States The Pennsylvania
Eureka Lighting Lighting Globe Gaslight
EUTRAC Corp. MP Lighting Company

Focal Point LL.C TPR Enterprises
Villa Lighting Supply US Architectural
Visa Lighting Lighting

Vision3 Lighting
Visionaire Lighting
W2 Architectural
Lighting

WAC Lighting
Welch Lighting
Will-Burt

The following list contains the names of manufacturers that produce metal halide ballasts:

Advance Transformer (Philips)

AMF Lighting
Etlin

Fulham

GE

Hatch Transformer
Howard Industries
Lightec

Metrolight

Osram Sylvania
Power Select
Robertson Worldwide
SOLA

Sunpark

Ultrasave Lighting Ltd.
Universal Lighting Technologies
Venture Lighting International
Vossloh-Schwabe

Five manufacturers hold the majority of the domestic market share of metal halide ballasts:

GE
Osram Sylvania
Advance Transformer of Philips Lighting (hereafter “Advance”)
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» Universal Lighting Technologies
* Venture Lighting International

The lighting divisions of some of these companies also manufacture other products, such as
fluorescent lamps and ballasts, light emitting diodes (LEDs), other HID lamp technologies, and
compact fluorescent lamps (CFLs).

3.2.2.1 Small Businesses

Small businesses may be particularly affected by the promulgation of minimum energy
conservation standards for metal halide lamp fixtures. The Small Business Administration (SBA)
lists small business size standards that are matched to industries as they are described in the
North American Industry Classification System (NAICS). A size standard is the largest that a
for-profit concern can be and still qualify as a small business for Federal Government programs.
These size standards are generally the average annual receipts or the average employment of a
firm. For metal halide lamp fixtures, the size standard is matched to NAICS code 335122,
Commercial, Industrial, and Institutional Electric Lighting Fixture Manufacturing, which has a
size standard of 500 employees or fewer.? For metal halide ballasts, the size standard is matched
to NAICS code 335311, Power, Distribution, & Specialty Transformer Manufacturing, which
has a size standard of 750 employees or fewer.*

DOE studies the potential impacts on these small businesses in detail as part of the
manufacturer impact analysis, see technical support document (TSD) chapter 13.

3.2.3 Regulatory Programs

Several Federal and international regulatory programs affect the markets for metal halide
lamp fixtures and ballasts. The following section summarizes U.S. and Canadian regulatory
initiatives relevant to the fixtures and ballasts covered by this rulemaking. While the following
discussion is not exhaustive in describing all regulatory action related to metal halide lamp
fixtures and ballasts, it provides detail on some notable initiatives that characterize recent
developments in the lighting market.

3.2.3.1 Federal Energy Conservation Standards

Title III of EPCA of 1975, Pub. L. 94-163, (42 United States Code (U.S.C.) 6291 et seq.)
established an energy conservation program for major household appliances and industrial and
commercial equipment. More specifically, Part A of Title III (42 U.S.C. 6291-6309) establishes
the “Energy Conservation Program for Consumer Products Other Than Automobiles.”
Subsequent amendments to EPCA have given DOE the authority to regulate the energy
efficiency of several additional kinds of equipment, including certain metal halide lamp fixtures.

On December 19, 2007, the President signed EISA 2007, which made numerous
amendments to EPCA and directed DOE to undertake several new rulemakings for appliance
energy conservation standards, including two cycles for metal halide lamp fixtures. DOE is
initiating its first rulemaking cycle to review and consider amendments to the energy

conservation standards in effect for metal halide lamp fixtures, as required under 42 U.S.C.
6295(hh)(2), which provides as follows:
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(2) Final rule by January 1, 2012. —
(A) In general. —
Not later than January 1, 2012, the Secretary shall publish a final rule to
determine whether the standards established under paragraph (1) should be
amended.
(B) Administration. —
The final rule shall—
(1) contain any amended standard; and
(1) apply to products manufactured on or after January 1, 2015.

As amended by EISA 2007, EPCA regulates metal halide lamp fixtures designed to be
operated with lamps rated greater than or equal to 150 watts (W) but less than or equal to 500 W
by prescribing performance requirements for the metal halide ballasts used in those metal halide
lamp fixtures. Both metal halide lamps and ballasts are energy-consuming components of metal
halide lamp fixtures. For this 150 to 500 W metal halide lamp wattage range, metal halide lamp
fixtures must contain:

(1) a pulse-start metal halide ballast with a minimum ballast efficiency of 88 percent;
(i1) a magnetic probe-start ballast with a minimum ballast efficiency of 94 percent; or
(ii1) a nonpulse-start electronic ballast with—

(I) a minimum ballast efficiency of 92 percent for wattages greater than 250 W;

and
(IT) a minimum ballast efficiency of 90 percent for wattages less than or equal to

250 W.

(U.S.C. § 6292 (hh)(1)(A))

In addition to prescribing minimum efficiency requirements for the previously described
metal halide ballasts contained in metal halide lamp fixtures, EISA 2007 amended EPCA to
exclude the following types of metal halide lamp fixtures from the statutorily prescribed energy
conservation standards:

(1) fixtures with regulated lag ballasts;

(i1) fixtures that use electronic ballasts that operate at 480 volts; or

(111) fixtures that—
(D) are rated only for 150 watt lamps;
(IT) are rated for use in wet locations, as specified by the National Electrical Code
2002, section 410.4(A); and
(IIT) contain a ballast that is rated to operate at ambient air temperatures above 50°
C, as specified by UL [Underwriters Laboratories] 1029-2001 [“Standard for
High-Intensity-Discharge Lamp Ballasts™].

(42 U.S.C. § 6292 (hh)(1)(B))
Pursuant to section 310 of EISA 2007, EPCA further directs DOE to incorporate standby

mode and off mode energy use in any amended (or new) standard adopted after July 1, 2010. (42
U.S.C. § 6295(gg)(3)) Because this energy conservation standards rulemaking will be completed
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after that date, the requirement to incorporate standby mode and off mode energy use into the
energy conservation standards analysis is applicable.

DOE published a final rule test procedure to comply with provisions from EISA 2007
that apply to metal halide ballasts included in metal halide lamp fixtures that are covered by this
rulemaking. DOE found that while it is possible for metal halide ballasts to operate in active
mode and standby mode, the off mode condition does not apply because it addresses a mode of
energy use in which metal halide ballasts do not operate. 75 FR 10950, 10954-5 (March 9, 2010).
One example of a metal halide ballast that operates in standby mode is a DALI"-enabled ballast.
DALI-enabled ballasts exhibit standby power because they have internal circuitry that is integral
to the design of the ballast that remains on and active, even when the ballast is not driving any
lamps.

Pursuant to EPCA section 325(gg)(2)(A), 42 U.S.C. § 6295(gg)(2)(A), DOE has
considered whether to incorporate standby mode into a single amended or new metric. DOE is
not proposing to include standby mode standards in this rulemaking. For more information, see
the notice of proposed rulemaking (NOPR) Federal Register notice.

3.2.3.2 California Energy Commission

Prior to the enactment of EISA 2007, the California Energy Commission (CEC) adopted
regulations for metal halide lamp fixtures that took effect on January 1, 2006. California’s
MHLF energy conservation standards were amended in August 2009 with the adoption of CEC
2009 Appliance Efficiency Regulation. According to section 1605.3(n) of California Title 20,
effective January 1, 2010, metal halide lamp fixtures manufactured and sold in the state of
California may not be sold with probe-start ballasts, and in addition, must meet at least one of
following requirements:

1) (a) contain ballasts with minimum ballast efficiency of 90 percent for fixtures designed
to operate lamps rated 150-250 W, (b) contain ballasts with minimum ballast efficiency
of 92 percent for fixtures designed to operate lamps rated 251-500 W; or

2) contain ballasts with minimum ballast efficiency of 88 percent and an occupant sensor

that is an integral control, shipped with the factory default setting to automatically reduce

lamp power through dimming by a minimum of 40 percent within 30 minutes or less after
the area has been vacated; or

3) contain ballasts with minimum ballast efficiency of 88 percent and have an automatic
daylight control that is an integral control, shipped with the factory default setting to
automatically reduce lamp power through dimming by a minimum of 40 percent; or

4) contain ballasts with minimum ballast efficiency of 88 percent and a re-lamping rated
wattage within one of the four wattage bins specified in the following subsections (a)
through (d). The metal halide lamp fixture shall be able to operate lamps within only one
of the four wattage bins and shall not be rated for any lamp wattage outside of that

* DALI stands for Digital Addressable Lighting Interface, which is a system that enables communication between a
central lighting controls system and the individual components, including the ballasts.
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wattage bin. The metal halide lamp fixture shall have a permanent, pre-printed factory-
installed label that states the re-lamping rated wattage.

(a) 150-160 W; or

(b) 200-215 W; or

(c) 290-335 W; or

(d) 336-500 W, provided that when a metal halide lamp fixture is able to operate
336 W to 500 W lamps, the fixture shall be prepackaged and sold together with at
least one lamp per socket, having a minimum lamp mean efficacy of 80 lumens
per watt (Im/W) based on published mean lumens and rated lamp power (in
watts).

3.2.3.3 Canadian Energy Efficiency Standards

The Natural Resources Canada (NRCan) Office of Energy Efficiency regulates the
energy efficiency of several consumer and industrial products in Canada. On May 10, 2010,
NRCan published a bulletin on developing standards, stating NRCan’s proposal to amend
Canada’s Energy Efficiency Regulations to include metal halide ballasts. Table 3.1 shows the
proposed Canadian standards for metal halide ballasts.

Table 3.1 Proposed Canadian Standards for Metal Halide Ballasts

Ballast Type Lamp Rated Wattage Bai\l/:llslilg ;;.;:ielfi;e((l%)
Magnetic Probe-Start 150-500 94
Pulse-Start 150-500 88
Non-Pulse-Start 150-250 90
Electronic 251-500 92

NRCan proposed that listed standards apply to equipment manufactured on or after July
14, 2012.

3.2.4 Non-Regulatory Initiatives

DOE reviewed several national, regional, and local voluntary programs that promote the
use of energy efficient lighting in the United States. These include the Federal Energy
Management Program’s (FEMP’s) program for energy efficient lighting, the ENERGY STAR
Program, and the Northeast Energy Efficiency Partnership (NEEP). The following section
summarizes some of these programs for metal halide lamp fixtures and the ballasts contained in
the fixtures covered by this rulemaking. While it is not an exhaustive list, the discussion provides
detail on some notable initiatives that characterize recent developments in the lighting market.

3.2.4.1 Federal Energy Management Program

FEMP helps federal buyers identify and purchase energy efficient equipment including
certain metal halide lamp fixtures. Section 161 of EPACT 1992 encourages energy efficient
federal procurement. Section 104 of EPACT 2005 requires that each agency incorporate energy
efficiency criteria consistent with ENERGY STAR and FEMP-designated products for “...all
procurements involving energy consuming products and systems, including guides
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specifications, project specifications, and construction, renovation, and service contracts that
include provision of energy-consuming products and systems, and into the factors for the
evaluation of offers received for the procurement.” Executive Order 13123 and Federal
Acquisition Regulation (FAR) section 23.704 direct agencies to purchase products in the upper
25 percent of energy efficiency, including all models that qualify for the ENERGY STAR
product labeling program. 64 FR 30851, 30854 (June 8, 1999). FEMP provides
recommendations for how to buy energy efficient industrial fixtures, including the metal halide
lamp fixtures shown in Table 3.2. FEMP offers buyers support tools such as efficiency
guidelines, cost-effectiveness examples, and a cost calculator. FEMP also offers training, on-site
audits, demonstrations, and design assistance.

Table 3.2 Federal Energy Management Program Efficiency Recommendation

Required Luminaire Efficacy Rating (LER)
Upward
Efficiency* Lamp Wattage Lensed Fixture Open Fixture
150 - 399 50 or higher 49 or higher
0% 400 - 999 62 or higher 69 or higher
>1000 84 or higher 76 or higher
150 - 399 68 or higher 49 or higher
1% - 10% 400 - 999 73 or higher 75 or higher
>1000 71 or higher 96 or higher
150 - 399 70 or higher 55 or higher
11% - 20% 400 - 999 76 or higher 81 or higher
>1000 82 or higher 87 or higher
*Upward Efficiency is the portion of light directed up by the fixture. Both high bay and
low bay HID fixtures are available with opaque reflectors, which direct all or most of the
light downward, and with transparent refractors, which direct some light up.

3.2.4.2 ENERGY STAR

ENERGY STAR is a joint program of DOE and the Environmental Protection Agency
(EPA) designed to protect the environment by promoting energy-efficient products and
practices.” ENERGY STAR specifies criteria for residential lighting fixtures, which contain
three parts: a lamp, a ballast, and the fixture that holds the lamp and ballast. Products that qualify
for the ENERGY STAR label may not use magnetic ballasts in indoor fixtures. The ENERGY
STAR specifications also define criteria for lamp start time, power factor, lamp current crest
factor, ballast operating temperature, electromagnetic interference, frequency, transient
protection, end of life protection, dimming, and safety.®

EPA is currently developing a new product specification for lamps which will replace
existing CFL and integral light-emitting diode (LED) lamp specifications. EPA published a Draft
2 Version 1.0 Specification updating testing requirements, performance tiers, labeling
requirements, and various other requirements, but did not specify performance characteristics of
metal halide lamps.’
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3.2.4.3 Northeast Energy Efficiency Partnerships

NEERP is a regional nonprofit organization that promotes energy efficiency in the
Northeast. NEEP runs a Commercial Buildings and Technologies Initiative that “focus[es] on
improved efficiency and energy performance that address the integration of technologies and
best practices in building systems such as lighting system design.”® NEEP coordinates with
multiple local and state governments, utilities, and other initiatives, such as Efficiency Vermont
and the Long Island Power Authority, to promote efficient lighting products.

3.2.5 Alternative Fixture Efficiency Metrics

Although MHLF minimum performance requirements are measured by the ballast
efficiency of the ballast included in the fixture, DOE and the fixture industry has researched
alternative metrics for fixture efficiency. For the SSL ENERGY STAR Program, DOE has
developed the FTE metric. NEMA, along with its luminaire division, has developed the Target
Efficacy Rating (TER). DOE found that in general, overall fixture energy use depends on four
areas of importance including: lamp efficacy, ballast efficiency, light absorption by the fixture,
and usefulness of light emitted by the fixture (direction or light distribution pattern). FTE and
TER metrics treat each area of importance more effectively in some ways than others. The
following sections describe each metric and explain how they account for the four areas of
importance.

3.2.5.1 Fitted Target Efficacy

DOE previously developed FTE® metric to quantify outdoor pole-mounted fixture
performance for ENERGY STAR qualification purposes. In the FTE approach, fixture
performance is measured by fitting a rectangle to the uniform “pool” of light specific to each
fixture, multiplying the luminous flux (in lumens) landing in this pool by the percent coverage of
the rectangular target, and then dividing by input power (in watts) to the fixture. The equation
can be summarized as:

(flux in uniform pool) * (percentage of rectangular target covered by uniform pool)

FTE =
(flux in input power)

The resulting calculation is measured against Illuminating Engineering Society (IES)
recommended uniformity ratios. FTE addresses the four areas of importance as follows:

e Lamp Efficacy: FTE takes into consideration lamp efficacy by evaluating light delivered
to the target. A source has to have a reasonably high efficacy to score a high FTE value.

e Ballast Efficiency: FTE incorporates ballast efficiency by incorporating total wattage of
the fixture that is dependent on the ballast input watts. The more efficient the ballast, the
closer to the lamp wattage the total wattage of the fixture will be.

® The DOE introduction to FTE is available here: www.illinoislighting.org/resources/FTEoverview01Jul09.pdf.
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e Light Absorption: FTE takes into account absorption of light by the fixture by evaluating
light delivered to the target. A less efficient optical system yields a lower FTE value.

e Light Distribution: FTE only accounts for light hitting a specific rectangular target area.

Through using uniformity and rectangularity of distribution as the criteria for useful
luminous flux, the same method of calculation can be applied to fixtures of all IES types (Types I
through V), and no project-specific geometries or criteria are required. However, FTE only
accounts for light hitting the specified target area and does not take into account other surfaces
where the fixture is designed to light. ENERGY STAR has not yet adopted FTE for outdoor
lighting and NEMA is working with EPA to develop a possible alternative to FTE.

3.2.5.2 Target Efficacy Rating

The TER® metric was developed by NEMA’s luminaire division to succeed the previous
metric of Luminaire Efficacy Rating (LER). TER calculates fixture efficacy by multiplying the
light leaving the fixture by a value (the Coefficient of Utilization, or CU) that factors in the
distribution of light. The CU calculates the percentage of rated lamp lumens reaching a fixture
specific target. TER is calculated as follows:

BF

TER =EEF#TLL % ———
InputWatts

Where:

TER = Target Efficacy Rating, expressed in rated lumens per watt,

EEF = Energy Effectiveness Factor, the percentage of lumens that fall upon a specified typical
target area for a fixture. The method for calculating EEF is a function of fixture type,

TLL = Total initial lamp lumens, total number of lamps in the test fixture multiplied by the
published rated initial lamp lumens,

BF = Ballast factor of test ballast or the average ballast factor of test ballasts used in the
photometric test, and

INPUT WATTS = Total wattage of the fixture as measured during the photometric test, or
calculated based on the ballast manufacturers’ published data for that lamp/ballast
combination if photometric test data is not available.

TER addresses the four areas of importance as follows:

e Lamp Efficacy: TER indirectly considers lamp efficacy by accounting for lumen output
from the lamp. Lumen output for the lamp component is based on manufacturer
published data only.

“ NEMA issued a revised version of the Target Efficacy Rating metric in 2009, LE 6-2009, available here:
WWWw.nema.org.
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e Ballast Efficiency: TER incorporates ballast efficiency by using the total wattage of the
fixture that is dependent on the ballast input watts. The more efficient the ballast, the
closer to the lamp wattage the total wattage of the fixture will be.

e Light Absorption: TER accounts for thermal and optical losses by evaluating the portion
of rated lamp lumens delivered to the target area.

e Light Distribution: TER builds upon LER. LER previously only looked how much light
left the fixture versus in the input power. TER factors in the light distribution via CU.
The light reaching the target is most important for a fixture. TER has different targets
defined for different fixture types.

TER takes fixture general applications into consideration, allowing for different
classifications (e.g., indoor and exterior, subdivided into specific applications with both groups).
However, TER has many different values for the different fixtures. Each fixture type has a
different TER calculation method and value. Even though fixtures will generally fall within one
of the different classifications for TER purposes, there are certain fixtures that can fall within
multiple categories of fixture due to their designs.

3.2.6 Historical Shipments

Awareness of annual equipment shipment trends is an important aspect of the market
assessment and the development of the standards rulemaking. For this rulemaking, DOE used
publicly available HID lamp fixture shipments from the U.S. Census from 1993 to 2001,° lamp
shipment data from the HID determination,® confidential lamp shipments from 2002 to 2008
from NEMA, and market trend information from manufacturers to develop historical shipment
for metal halide lamp fixtures from 1993 to 2009.

DOE used this data for three main purposes. First, the shipment data and market trend
information contributed to the shipments analysis and base-case forecast for metal halide lamp
fixtures (chapter 10 of the NOPR TSD). By using historical shipment data and expert opinion on
market trends and calibrating forecast assumptions with recent data, DOE believes it has based
the shipments model and base-case forecasts on a sound dataset. Second, DOE used the data to
select the representative equipment classes, wattages, units, and fixtures for analysis (chapter 5
of the NOPR TSD). Third, DOE used the data to develop the installed stock of fixtures for the
national impact analysis (chapter 11 of the NOPR TSD). Based on its understanding of trends in
the market, DOE estimated how the market would respond to various efficiency levels.

3.2.6.1 HID Lamp Fixtures Shipments

The U.S. Census historical shipment data for HID lamp fixtures is broken down into
market sectors including commercial and institutional, industrial, and outdoor lighting. Within
each market sector, the shipments are categorized by a variety of applications. Different

¢ A final determination concerning the potential for energy conservation standards for HID Lamps was published in
the Federal register on July 1, 2010. 75 FR 37975, The document in its entirety can be found at:
www .eere.energy.gov/buildings/appliance_standards/product.aspx/productid/60.
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applications under the commercial and institutional sector include surface or pendant, indirect
lighting, recessed insulation contact, and recessed non-insulation contact. Under industrial,
shipments are broken into applications including general lighting and hazardous lighting. For
outdoor lighting, shipments are broken into street and highway lighting, general purpose
floodlighting, HID sports lighting, and HID area and site lighting. Although the Census data
includes metal halide lamp fixtures in the figures, it does not separate metal halide lamp fixtures
from other sources such as high pressure sodium (HPS) or mercury vapor (MV) lamps.

Figure 3.2.1 depicts the HID lamp fixture market based on shipments reported to the U.S.
Census in 2001.

Commercial
and
Institutional
Type
10%

Figure 3.2.1 2001 HID Fixtures Market Share by Segment

Table 3.3 shows all of the HID lamp fixture shipments from the U.S. Census from 1993
to 2001.
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Table 3.3 U.S. Census Shipments of HID Lamp Fixtures from 1993 to 2001

HID Fixtures Market Segments

Shipments by Year (value in thousands)

1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001
surface or pendant 191 167 128 163 - - - - -
Electric Lighting indirect lighting 81 88 53 43 281 214 246 274 289
fixtures, recessed non-insulation open reflector 464 | 370 586 576 342 337 725 758 509
commercial and contact (3-inch
institutional type HID minimum clearance enclosed 337 | 335 | 201 | 188 | 141 | 110 | 201 | 226 | 203
(except portable from ceiling insulation)
and spotlight) recessed insulation open reflector - - - - - - - - _
contact (direct contact
with ceiling insulation) enclosed 20 15 13 8 7 3 16 27 33
open reflector 928 1495 1691 1755 | 2319 | 2095 1878 | 2277 | 1879
Electric lighting HID including enclosed 900 902 1095 | 1240 | 1724 | 1587 | 1403 | 1531 | 1374
fixtures, industrial ((e} zg:;idplé‘%t}:;lf) integrally mounted and parking garage .1ighting
type remote ballasts (fixtures designed 104 | 136 | 120 | 111 | 151 | 123 | 149 | 360 | 247
specifically for this
application)
Streetl?nliil:ghway HID types, including open 503 528 476 546 605 613 2721 561 565
Iu n%inari%: s low pressure sodium
including bridee | 29 integrally mounted enclosed 1266 | 1286 | 1361 | 1229 | 1382 | 805 | 1308 | 1376 | 1229
and mnne% ligh t%ng and remote ballasts
HID types, general, including
General purpose | - low pressure sodiumand | 4556 | 1103 | 1184 | 1363 | 1596 | 1371 | 1475 | 1390 | 1326
Outdoor lighting floodlighting integrally mounted and
equipment remote ballasts
excludin lanjl S o HID sports lighting (fixtures designed specifically for
g lamp Floodlighting, this application) 148 160 174 181 231 251 267 252 252
area, and site e liohtd
> site lighting (under 20-foot
lighting fixtures & o Ogu;ﬁng) 1786 | 1935 | 1285 | 2668 | 2103 | 2131 | 1350 | 1452 | 1477
HID area and site bollards 33 39 50 58 81 80 94 97 97
lighting post-top 99 100 135 128 145 143 144 137 142
large area lighting (20- 10 60-1 470 | 4> | 453 | 761 | 829 | 755 | 820 | 828 | 794
foot mounting)
Totals 8,358 | 9,141 | 9,005 | 11,018 | 11,937 | 10,618 | 12,806 | 11,546 | 10,416
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3.2.6.2 Estimated Historical Metal Halide Lamp Fixtures Shipments

To develop MHLF historical shipments from 1993 to 2001, DOE used the U.S. Census
HID lamp fixture shipments and lamp shipments by type used in the HID determination. For
each year, DOE received information on total metal halide lamps shipped and compared with
total HID lamp shipments. DOE then applied the same percentage of metal halide lamps to the
U.S. Census HID lamp fixture data to estimate total MHLF shipments from 1993 to 2001. The
percentages and methodology are discussed in more detail in chapter 10 of the NOPR TSD. The
table below shows the estimated historical shipments for metal halide lamp fixtures from 1993 to
2001.

Table 3.4 Estimated Historical Shipments of Metal Halide Lamp Fixtures from 1993 to
2001

Year Estimated Total Metal Halide
Lamp Fixture Shipments*
1993 2,701,000
1994 3,219,000
1995 3,885,000
1996 4,292,000
1997 4,884,000
1998 5,698,000
1999 6,697,000
2000 6,697,000
2001 6,771,000
* Shipments rounded to the nearest thousand

DOE’s estimates show that from 1993 to 2001, MHLF shipments have approximately
doubled. In terms of growth, the market showed an average of 10 percent per year between 1993
and 2001. In comparison, HPS fixtures, a possible alternative to metal halide in certain
applications, had an average market loss of 7 percent per year for the same time frame.

For 2002 to 2009, because U.S. Census data is not available for HID lamp fixtures, DOE
used confidential lamp shipment information and estimated market shares of metal halide lamp
fixtures to estimate total MHLF shipments per year. The estimated market shares of metal halide
lamp fixtures are based on the historical U.S. Census data from previous years. Table 3.5 shows
the estimated historical shipments for metal halide lamp fixtures from 2002 to 2009.

Table 3.5 Estimated Historical Shipments of Metal Halide Lamp Fixtures from 2002 to
2009

Year Estimated Total Metal Halide
Lamp Fixture Shipments*
2002 6,956,000
2003 7,102,000
2004 7,362,000
2005 7,866,000
2006 8,108,000
2007 8,157,000
2008 7,552,000
2009 7,741,000
* Shipments rounded to the nearest thousand
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In terms of growth, the market showed an average of 1.54 percent growth per year
between 2002 and 2009. Due to overall market downturn, which was also expressed by
manufacturers during interviews, DOE estimates shipments significantly decreased in 2008.
Also, manufacturers in general estimate that alternative technologies such as fluorescent lamps
and LEDs have captured significant market share. Fluorescent technology has improved and its
lower cost has attracted consumers. Additionally, LED fixture costs have significantly decreased
due to competition in the market along with increase in consumers’ request for low maintenance
and more-efficacious technologies. In general, manufacturers predict that HID applications will
eventually be overtaken by LEDs, but will have to go through a transitional period. For a
complete explanation on how DOE estimated historical shipments and additional information on
shipments, see chapter 10 of the NOPR TSD.

3.3 TECHNOLOGY ASSESSMENT

The purpose of the technology assessment is to develop a list of technologies that can be
used to improve the efficiency of metal halide ballasts that are incorporated in metal halide lamp
fixtures. The following assessment provides a description of the basic construction and operation
of metal halide lamp fixtures, lamps, and ballasts, followed by technology options to improve
efficiency of metal halide ballasts.

3.3.1 Metal Halide Lamp Fixtures Overview

Since the inception of metal halide lamps in the lighting market in the late 1960’s, metal
halide lamp fixtures have evolved from a few industrial applications to a vast array of uses such
as residential applications, commercial retail, sports lighting, warehouses, hangars, airports,
libraries, natatoriums, and several other industrial applications. Technology advances in both
lamps and ballasts have significantly increased the energy efficiency of metal halide lamp
fixtures. Also, manufacturers have made optional fixture components available, such as daylight
sensors or occupancy sensors, which add both functionality and overall energy savings for the
end user.

3.3.1.1 Basic Metal Halide Lamp Fixture Structure

The basic metal halide lamp fixture comprises a lamp, ballast, ballast housing or
structure, optics, and wiring. Ballast housings are typically made of plastic, aluminum, or
different types of steel. There is a variety of optics used, which are typically made of glass,
acrylic, aluminum, or sheet metal. The shape and reflectivity of the optics are key factors in
determining how effective the fixture distributes light to the desired target. Fixtures are
commonly sold with lamps and ballasts. Manufacturers also offer additional components as
options depending on the application. Figure 3.3.1 shows the basic structure of a typical metal
halide lamp fixture.
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Enterprise 22, Source: Cooper Lighting - Lumark
Figure 3.3.1 Metal Halide Lamp Fixture Structure

Fixtures generally fall within two basic categories: indoor and outdoor (see section
3.4.2). The following section discusses types of fixtures within each category. While it is not an
exhaustive list, the discussion provides detail on different fixtures that are common within each
category. Also discussed are additional options manufacturers offer in fixtures that reduce
overall energy consumptions.

3.3.1.2 Indoor Fixtures
Downlight

Downlights are fixtures with light distribution directed downward onto a horizontal
plane. Downlights usually incorporate a tight optical cut-off of 45° to 50°.'° These fixtures may
be recessed or surface-mounted. Construction includes aluminum or similar metal structure with
optics, wiring, and either ballast housing or remote ballast. Typical applications include shopping
mall or clothing stores, museums, or residential where the lighting fixture is recessed into a
lower ceiling. Typical power ratings are 70 or 100 W. Similar to high and low bay fixtures, the
ballast housing is more modular and an increase in ballast size would not likely require an
entirely new fixture.
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Lithonia LP6HN Open PAR, Source: Lithonia Lighting
Figure 3.3.2 Example of Recessed Downlight Metal Halide Lamp Fixture

High Bay

High bays provide general illumination to an area where the floor-to-ceiling height is
greater than 25 feet. Most common construction includes aluminum or plastic ballast housing
with wiring near the mounting location and optics attached below the ballast housing. An
increase in ballast size might require a larger ballast housing (shown as the white box near the
top of Figure 3.3.3), but would be unlikely to affect the optical portion of the fixture. The fixture
is generally hung via chain or hook rather than mounted. Typical applications include hangars,
retail stores or warehouses, or industrial applications with high ceilings. Manufacturers offer
different ballast options, including both magnetic and electronic. Wattage range typically varies
from 250 W to 1000 W.

Lithonia TPG High Bay, Source: Lithonia Lighting
Figure 3.3.3 Example of High Bay Metal Halide Lamp Fixture

Low Bay

In contrast to high bay, low bay fixtures provide general illumination to an area where the
floor-to-ceiling height is less than 25 feet. Most common construction includes aluminum or
plastic ballast housing with wiring near the mounting location and optics attached below the
ballast housing. Because the wattage range is less than high bay, there is less thermal protection



from the lamps to other components of the fixture. The fixture is generally hung via chain or
hook rather than mounted. Typical applications include retail stores or warehouses, some parking
garages, or industrial applications with low ceilings. Manufacturers offer different ballast options
including both magnetic and electronic type. Wattage range varies from 70 W to 400 W.

Lithonia SX PA25D Low Bay, Source: Lithonia Lighting
Figure 3.3.4 Example of Low Bay Metal Halide Lamp Fixture

Uplight

In opposition to downlights, an uplight fixture has a light distribution directed upward
onto a horizontal plane or vertical surface. Uplights usually incorporate a tight optical cut-off of
45° to 50°."" These fixtures may be recessed or surface-mounted. Construction includes
aluminum or similar metal structure with optics, wiring, and either ballast housing or remote
ballast. Typical applications include airports, double height spaces, museums, and natatoriums.
Wattage range varies from 70 W to 1000 W.

3.3.1.3 Outdoor Fixtures
Area/Roadway (Streetlight)

Area/roadway fixtures are designed to produce reasonably uniform illuminance on
streets, roadways, or parking areas. Most common construction includes wiring, optics, and
ballasts enclosed by aluminum or steel housing. These fixtures are generally mounted on poles or
vertical surfaces such as building walls. With improvements of weatherization and electrical
design, manufacturers are beginning to offer ballast options, including electronic ballasts, beyond

the common coil and core magnetic ballasts. Common wattage range varies from 70 W to 400
W.
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Lithonia KSE, Source: Lithonia Lighting
Figure 3.3.5 Example of Area/Roadway Metal Halide Lamp Fixture

Bollard

Bollard fixtures are designed to be installed along pathways and in front of buildings.
Bollards can be simple pathway post lights as well as robust posts used to provide a barrier and
to keep vehicles from leaving roadways. Construction can be aluminum, steel, or even concrete
for stronger applications. Optics are usually mounted near the top of the post structure and
ballasts can be either remote or included in the fixture. Wattage range is commonly limited to

250 W.

ey,

vy

Lithonia KBE, Source: Lithonia Lighting
Figure 3.3.6 Example of Bollard Metal Halide Lamp Fixture

Canopy

Canopy fixtures are designed to be installed under canopy structures. These fixtures may
be recessed or surface-mounted. Construction includes aluminum or similar metal structure with
acrylic optics, wiring, and ballast housing. Canopy fixtures are most commonly installed in gas
stations and garages. Typical power ratings are 150 W or 250 W.
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Lithonia KACM, Source: Lithonia Lighting
Figure 3.3.7 Example of Canopy Metal Halide Lamp Fixture

Cobrahead

Similar to area/roadway fixtures, cobraheads are designed to produce reasonably uniform
illuminance on streets and roadways. These fixtures have been available in the market for more
than 50 years but have gone through several changes, including the addition of metal halide
technology and, most recently, LED. Mounting is usually done on a curbside pole, with an arm
extending out over the roadway and the fixture at its end. Robust construction includes
aluminum or similar metal structure with acrylic drop-bowl optics, wiring, and easily accessible
ballast housing. Cobraheads are only used in roadways and street lighting applications. Wattage
is commonly found in the 250 W range, but can be as high as 400 W.

@ !

i

Lithonia CHL, Source: Lithonia Lighting
Figure 3.3.8 Example of Cobrahead Metal Halide Lamp Fixture

Floodlight

Floodlights are multi-purpose fixtures designed to supplement other lighting or to provide
illuminance to a wide area. Construction includes aluminum or similar metal structure with
acrylic or glass optics, wiring, and either ballast housing or remote ballast. These fixtures are
generally yoke-mounted on building surfaces or on the ground to supplement area/parking lot
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fixtures. Typical applications include parking lots, recreation areas, building facades,
monuments, airports and docks. Wattage range varies from 70 W to 1000 W.

Lithonia TFL, Source: Lithonia Lighting
Figure 3.3.9 Example of Floodlight Metal Halide Lamp Fixture

Parking Garage

Parking Garage fixtures are designed to light ramps and parking areas of parking
structures. Construction includes aluminum or similar metal structure with acrylic or glass optics,
wiring, and ballast housing. These fixtures can be surface-mounted or slightly suspended. Due to
parking structures’ typical ceilings heights of less than 12 feet, these fixtures are limited to lamps
rated at or less than 500 W.

Lithonia PGR, Source: Lithonia Lighting
Figure 3.3.10 Example of Parking Garage Metal Halide Lamp Fixture

Post-Top

Post-top fixtures are designed to be mounted directly on top of light posts and to provide
general lighting. Unlike other fixtures that typically hang from ceilings or are installed on arms
protruding from poles, post-top fixtures are installed directly on top of poles. Construction
includes aluminum, sheet metal, or similar metal structure with acrylic or glass optics, wiring,
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and ballast housing. These fixtures have been associated with Dark Skies initiatives’®

noncompliant fixtures because of their inherently poor fixture efficiency. Typical applications
include streets, sidewalks, and parks.

Lithonia TCL, Source: Lithonia Lighting
Figure 3.3.11 Example of Post-Top Metal Halide Lamp Fixture

Sports Lighting

Sports lighting fixtures are designed to provide necessary lighting for sporting venues.
For light-weight construction, these fixtures are made of either aluminum or light-weight sheet
metal with acrylic optics. They include wiring and are typically remote ballasted. Because of the
application, these fixtures are typically mounted in groups of 20 or more fixtures for maximum
area coverage and light intensity. Additionally, because of the significant mounting heights and
necessary light intensity, wattage is typically in the 1000 W range or higher.

Lithonia TSP, Source: Lithonia Lighting
Figure 3.3.12 Example of Sports Lighting Metal Halide Lamp Fixture

¢ Initiatives following The International Dark-Sky Association’s (IDA) movement to limit light pollution.
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Wallpack

Wallpack fixtures are designed to be a self-contained fixture mounted to vertical wall
surfaces. Construction includes aluminum, sheet metal, or similar metal structure with acrylic or
glass optics, wiring, and ballast housing. With inherently poor fixture efficiency, wallpacks
direct light downwards but most of the time end up spraying light out as glare. Typical
applications include building walls lining parking lots, parking structures, or any other outdoor
building walls were directional lighting is not necessary. Typical power rating is 150 W.

Lithonia TWP Wall Pack, Source Lithonia Lighting
Figure 3.3.13 Example of Wallpack Metal Halide Lamp Fixture

3.3.1.4 Energy Related Fixture Options
Lighting Controls

Generally, light sources are equipped with lighting controls for aesthetic or energy
management control to comply with ASHRAE/IESNA 90.1 and other energy codes. MHLF
lighting control technologies to conserve energy include: switching devices, timing and sensing
devices, and dimming controllers.

Switching Devices: Switching decreases energy consumption by limiting the number of
operating hours to only the times when light is needed. Although increasing switching frequency
increases re-lamping costs, the energy savings associated with decreasing operation hours
outweighs the new fixture costs. Electric Power Research Institute (EPRI) Controls Pattern
Book analyzed the trade-offs between increased costs and amount of energy saved, and
concluded that energy cost reductions surpasses the costs of re-lamping by six to more than 20
times." Additionally, time delays, discussed later, can be incorporated into the system to
optimizing the switching schedule.

Because metal halide lamps have extended warm-up periods and can take up to several
minutes to restrike after having been extinguished, two-level systems (also called bi-level,
stepped, or hi-lo systems) are used so that the lamp remains warm, ensuring quick transition
from low to full light. Bi-level switching can lead up to 10 percent energy savings in retail

P EPRI Controls Pattern Book, Rundquist, McDougal, et al, 1996.
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applications. Specific fixtures with two-lamp tandem wired ballasts and circuit switch legs or
multistep ballasts are capable of multilevel lighting controls.'? Multistep ballasts are used to step
down the lamps in a fixture, eliminating uneven appearance by reducing lumen output of all of
the lamps without the need to switch any off. Multilevel ballasts provide the ability to be
switched between two or more illuminances at a low cost, but do not provide controlled
dimming. Multilevel ballasts that change illuminance in steps, and switching systems in general,
are most practical in warehouses, parking garages, tunnels, and daylighting applications.

Timing and Sensing Devices: Timing and sensing devices are meant to control lighting in
response to known or, as previously mentioned, scheduled sequences of events (i.e., to turn off
lights when they are not needed.) Time delays often work in conjunction with sensing devices to
determine the interval between the last detected motion and the switching off of the fixtures.
Some products have fixed settings, while most have adjustable time delay settings. Timing
devices are also coupled with override functions to accommodate deviations from schedules and
may be coupled with microprocessors that can control multiple events and lighting effects. "

Photosensors, a type of sensing device, use electronic components that transform visible
radiation, or light, into an electrical signal that is then used to control another system or lamp.
Photosensors are typically used to detect when an outdoor lamp should be turned on and off."*
These sensors are either immune to or filtered from ultraviolet (UV) or infrared (IR) radiation.
Photosensors are either in an open- or closed-loop system. An open-loop system is one in which
the photocell responds only to daylight levels, but is still calibrated to the desired light level
received elsewhere, such as on the floor of the warehouse. Most frequently, open-loop
photosensors are used in warehouse high rack areas, where the lighting levels must be calibrated
separately from photosensors in open areas. '

The alternative to photosensors is occupancy, or motion sensors. Occupancy sensors are
meant to automatically switch off fixtures when spaces are unoccupied, and to switch fixtures on
when they are occupied or light is needed. Electrical consumption is reduced by cutting the
number of operating hours. These sensors take advantage of incomplete occupancy loads during
periods of peak electric use. Occupancy can be sensed by audio, ultrasonic, passive infrared, or
optical means. Most occupancy sensors used in commercial applications use passive IR or
ultrasonic motion-sensing technologies. Passive IR occupancy sensors respond to the movement
of IR sources using a pyroelectric detector located behind an IR-transmitting lens. Ultrasonic
occupancy sensors transmit pressure waves at an inaudible frequency to detect motion within the
space. Energy savings are earned when the sensitivity of the occupancy sensor and time delay are
specifically calibrated to operate effectively for an area.

Dimming Controllers: Dimmers are resistors that rapidly shut the electrical circuit in a
fixture on and off, ultimately reducing the wattage and lumen output of the lamps. Special
magnetic or electronic dimming ballasts are required for metal halide lamp fixtures. These
ballasts can be dimmed down to 10 or 20 percent of the maximum light output. However, unlike
fluorescent dimming ballasts, metal halide dimming ballasts typically lose significant luminous
efficacy after the lumen output drops to around 30 percent of maximum output.® Although the
efficacy levels may depreciate after significant dimming, commercial dimming still offers

£ Heschong Mahone Group

3-27



significant lifetime savings over systems without dimming options. Average energy savings from
dimming in typical 1200 W commercial loads can be up to 20 percent.'® Additionally, certain
dimming ballasts can be located away from the control panel by transmitting their individually
coded identification number for special IR remotes or wall box controllers, leading to potential
energy savings.

Emergency and Standby Circuitry

There are many regulations covering and defining emergency lighting; these
specifications include UL standards, national safety requirements (such as The National Fire
Protection Agency’s Life Safety Code (NFPA 101) Articles 7.8 and 7.9, NFPA 70 (National
Electrical Code; NEC), and Occupational Safety and Health Administration (OSHA) regulations)
and building codes (such as the Uniform Building Code (UBC), the International Building Code
(IBC), state, and local codes). While these regulations do not contain rules specifically for metal
halide lamp fixtures, sometimes a fixture’s added emergency lighting utility will be necessary to
have its location meet standards. Metal halide lamp fixtures have options for emergency lighting,
required standby systems, and optional standby systems that provide the needed illumination
while limiting the use of backup energy.

Emergency Circuit Module: Some metal halide lamp fixtures incorporate an optional
emergency circuit module (hereafter “ECM”). The ECM operates and controls an additional
lamp that is part of the fixture, but not wired to the ballast. This backup lamp, typically
incandescent or halogen, is wired by a separate circuit to the emergency power source of the
application (e.g., a building’s backup generator). In the case of a power outage, the ECM turns
on the extra lamp to provide illumination while using only a minimal amount of power (e.g.,
backup lamps commonly use between 100 to 250 W).

Auxiliary Lamp Module: Some metal halide lamp fixtures incorporate an optional
auxiliary lamp module (hereafter “ALM”) to comply with optional standby lighting system
regulation. The ALM operates and controls an additional lamp wired through a dedicated
(usually 120 V) tap from the ballast. This backup lamp, typically incandescent or halogen,
provides temporary low-level illumination in the event of a momentary power interruption until
the metal halide lamp restrikes. Additionally, the ALM is activated in case of lamp failure.

3.3.2 Basic Structure of Metal Halide Lamps

A standard metal halide lamp comprises an arc tube, a bulb (or outer jacket), electrical
connections, and a base. The arc tube, commonly made of quartz or sintered alumina, is the light-
producing portion of the lamp. As in the older MV lamps, the metal halide arc tube is filled with
a pressurized mixture of mercury vapor and noble gases (commonly argon). Unlike the MV
lamps, metal halide lamps contain metal halide salts that radiate at different frequencies when
ionized. The specific elements involved vary by application and type of light desired, and help
produce a fuller spectrum and better coloring rendering relative to MV lamps.

The arc tube is surrounded by an outer bulb that protects the inner components, provides a
structure for mounting them, and retains heat and ultraviolet radiation. In lamps rated for use in
“open fixtures,” the arc tube is surrounded by an additional glass shroud that protects the outer
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jacket in the event of an arc tube explosion. Lamps may be single-ended (e.g., screw-type or
bayonet-type lamps) or double-ended (i.e., requiring electrical connection at both ends of the
outer bulb).

Like other gas discharge lamps, metal halide lamps exhibit negative differential
resistance. Because their resistance declines with increasing current, they are unable to regulate
their own current and require ballasts to operate. When cold, however, the gas resistance is
relatively high and the ballast’s operating voltage is not usually enough to establish an arc. To
overcome this problem, two primary starting methods are used: probe and pulse.

In a probe-start lamp, there is a third, starting electrode present in the arc tube. The
starting electrode is closer to the opposite side of the lamp than the operating electrode and
requires less voltage to overcome the cold gas’s resistance. Once an arc is struck, a bimetal
switch heats and removes the starting electrode from the circuit, allowing the operating electrode
to take over. The addition of a third electrode and moving parts can make probe-start lamps less
consistent over their lifetimes in color and lumen output than their pulse-start cousins, and the
industry has begun to move away from probe-start lamps.

In a pulse-start lamp, there are only two electrodes. The pulse-start ballast strikes an arc
by generating a high voltage pulse (typically several kilovolts (kV)) using a special circuit called
an “igniter.” This simpler, more reliable lamp comes at the cost of a more complex ballast. Some
manufacturers advertise a third starting method called resonant start, which uses electronic
controls to more gradually build up to ignition voltage. DOE’s understanding is that this method
is closely related to pulse-start in that both use two electrodes and accomplish their function
through higher voltage instead of a shortened arc length. In principle, igniters allow pulse-start
and resonant-start lamps to operate at higher fill pressures, which can reduce electrode sputtering
and extend lamp life.

Arc tubes for probe-start lamps are made of fused quartz, while pulse-start lamps are
typically made of either fused quartz or sintered alumina. Quartz tubes typically use a white
coating at their ends to reduce thermal losses. Alumina arc tubes, often called “ceramic,” are less
permeable to certain metal halide ions and, consequently, are thought to offer better color
stability, color rendering, and luminous efficacy. Studies done by manufacturers have shown that
it is difficult to operate ceramic metal halide (CMH) lamps at high frequencies because higher
fill pressures tend to move destructive resonant modes upwards in the spectrum. Particularly at
smaller bulb sizes, the frequencies required to avoid those resonant modes are often on the order
of a megahertz (MHz) and can therefore produce electromagnetic interference (EMI). All
commercially available CMH lamps operate at low (sub-resonant) frequencies, between 0 and
400 Hz.

An elliptically shaped outer bulb or envelope, usually made of borosilicate glass, contains
the arc tube. The bulb protects and buffers the arc tube and internal electrical connections from
the environment. The outer envelope contains low-pressure inert gas (e.g., nitrogen) or a
vacuum, which not only helps minimize the oxidation of internal components, but also provides
a margin of safety against threat of arc tube rupture (also known as non-passive failure). The
outer envelope also provides additional thermal buffering for a more stable arc temperature. The
glass itself absorbs the majority of ultraviolet radiation.
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Inside the outer bulb are conductors to supply the arc tube with electricity, and structural
metal components to support it. There might be other, minor components also within the outer
bulb, including resistors, diodes, and small tabs called “getters” that help absorb impurities. Like
other HID lamps, metal halide lamps often have bases resistant to corrosion.

3.3.3 Metal Halide Ballast Overview

Metal halide ballasts are “devices that, by means of resistance, inductance, capacitance,
or electronic elements, singly or in combination, control the current, voltage, and waveform for
proper lamp starting and operation.” (American National Standards Institute (ANSI) C82.9-
1996). The following sections discuss basic ballast operation of both ballast types:
electromagnetic (magnetic) and electronic.

A ballast has three primary functions:

1. To establish an electric arc through the lamp
2. To limit current through the lamp after ignition
3. To compensate for variations in line voltage and ensure consistent lumen output

Magnetic ballasts were the first technology used to operate lamps; electronic ballasts
were developed later because of their higher efficiency. Section 3.3.4 provides additional
discussion on these and other technology options that can be used to increase the efficiency of
metal halide ballasts.

There are many performance parameters used to describe the operation of a metal halide
ballast. These include ballast efficiency, starting method, power factor (PF), total harmonic
distortion (THD), and EMI. These performance parameters are briefly discussed in the following
sections.

3.3.3.1 Ballast Efficiency

Although the metal halide lamp test procedure requires a reference lamp for the test
setup, metal halide ballast efficiency is a purely electrical metric and requires no photometric
measurements. Ballast efficiency is measured in accordance with section 6.0 of ANSI C82.6, and
equal to the ratio of lamp input power to ballast input power.

3.3.3.2 Starting Method

Metal halide ballasts can be categorized by the manner in which they operate the lamp, or
more specifically, how the lamp is started. Metal halide lamps require a lower voltage to start
than to operate. Before starting, the non-ionized lamp compounds present a relatively high
impedance that the ballast must overcome. As the arc is struck, the lamp gases ionize to form a
plasma whose impedance decreases with increasing current. As previously stated, ballasts
commonly use two different starting methods: probe-start and pulse-start. Starting method can
affect efficacy, color rendition, restrike time, and lumen depreciation.

Pulse-start lamps, as mentioned in section 3.3.2, have two electrodes that are used to both
start and operate the lamp. The ballast alone is unable to supply a breakdown voltage and
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requires a separate component called an “igniter” to provide the arc-establishing voltage pulse. In
magnetic ballasts, there is an obvious physical distinction between the igniter and the “run”
section of the ballast; in electronic ballasts the separation is less evident. Furthermore, an igniter
allows an extinguished lamp to be re-ignited well before the gas has cooled to temperatures at
which a probe-start ballast could restrike the arc.

Probe-start ballasts overcome the cold gas’ breakdown voltage through use of a third,
starting electrode. The starting electrode is longer and allows an arc to be struck with a lower
voltage. As the lamp runs and heats, a bimetal switch disconnects the starting electrode, and the
primary, running electrode takes over. Even with the starting electrode, however, probe-start
lamps cannot be pressurized to the more efficient levels that pulse-start lamps are. The extra
electrode introduces one more possible source of contamination, affecting lamp life and color
rendition. EISA 2007 required probe-start ballasts to be 94 percent efficient, effectively
relegating them to uncovered wattage ranges.

Resonant starting is exclusive to electronic ballasts. Although some resonant-start ballasts
are designed to work in conjunction with specific lamps, most operate with ordinary pulse-start
lamps. While pulse-starting strikes an arc using a high voltage pulse (or pulse train), resonant
starting delivers alternating current at one of the lamp’s resonant modes, rapidly building voltage
until gas breakdown occurs. In addition to potentially being gentler on the lamp, resonant starting
might not require specialized, pulse-creating hardware. Resonant starting has its hazards,
however, especially in hot restrike situations where the gas impedance is higher than usual. The
arc is more difficult to strike, allowing voltage to build to the point where components of the
system sustain damage. Resonant starting is less standardized than pulse-start and can be reliably
employed only in certain lamp/ballast combinations.

Manufacturers have marketed pulse-starting as an energy-saving technology in metal
halide lighting. DOE’s current understanding is that the primary advantage to pulse-starting
comes in increased lamp efficacy, rather than better electrical efficiency in the ballast itself.
Nonetheless, the ability to operate a more-efficacious pulse-start lamp is a feature that DOE
believes could result in significant energy savings. As a result, DOE is considering a design
standard that encourages pulse-starting, discussed in chapter 5 of the NOPR TSD.

3.3.3.3 Power Factor

PF is equal to the ratio of the active power to the apparent power. PF depends on the
current’s wave shape as well as the phase angle between the current and the voltage. The power
input is measured with a wattmeter capable of indicating the average power in watts. The ballast
input voltage multiplied by the ballast input current is the ballast’s apparent power (ANSI
C82.13-2002).

Power Input

Power Factor =
Ballast Input Voltage * Ballast Input Current

Where:

Power Factor = power factor
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Power Input = input power in watts to ballast,
Ballast Input Voltage = voltage in volts to ballast, and
Ballast Input Current = input current in amps to ballast.

Power factors range between zero and one. A power factor of one indicates that the voltage
and current waveforms are in phase; a power factor of zero indicates that voltage and current are
90 degrees out of phase and that no real power is being transferred. Metal halide ballasts can be
characterized by two classes of power factor: high power factor (HPF) of 0.9 or greater and
normal power factor (NPF) of 0.6 or greater. HPF ballasts use about one-half the current of NPF
ballasts. For magnetic ballasts, the primary cause of low power factor is the inductance of the
ballast transformers. It can be corrected with the addition of a suitable capacitance. In electronic
ballasts, low power factor is due primarily to total harmonic distortion (defined in the following
section 3.3.3.4) caused by a nonlinear load. According to ANSI C82.77-2002, commercial metal
halide ballasts must have a HPF, while residential ballasts (with an input power less than 120 W)
must have a power factor of 0.5 or greater.

3.3.3.4 Total Harmonic Distortion

Another important performance parameter is harmonic distortion. Line current harmonics
are the components of the line current that oscillate at integer multiples of the fundamental
frequency of the power supply (e.g., 60 Hz, 120 Hz, 180 Hz). Harmonics of a fundamental
frequency are an undesirable byproduct of any nonlinear system operation, generating noise and
wasted power. Total harmonic distortion refers to the ratio of the root mean square (rms) values
of the harmonic content and of the fundamental current, expressed as a percentage. It may also
be called harmonic factor:

JE A2+ 4.

Jr

THD( fund) =

Where:

THD = total harmonic distortion, and
I, = the rms current of harmonic n, where n=1 is the fundamental harmonic.

High THD values are not acceptable and are detrimental to many kinds of electronic
devices connected to the power line. They are also considered a “pollutant” to the environment
because of radio frequency noise. In related electronic fluorescent lamp ballast products, ANSI
C82.11-2002 requires that the THD not exceed 32 percent. Metal halide ballast manufacturers
also try to limit the THD of their products to reduce compatibility concerns with nearby devices.

3.3.3.5 Ballast Factor

In contrast with other forms of lighting, metal halide lighting is not usually understood in
terms of ballast factor, a measure of relative light output.

3-32



3.3.3.6 Electromagnetic Interference

Many devices found in office environments, such as computers, photocopiers, facsimile
machines, and HID lighting systems, can generate electromagnetic waves. The effects of these
waves vary based on their strength and the susceptibility of nearby equipment. Alternating
current (AC) in electronic devices produces a magnetic field, which in turn induces an AC
voltage in a nearby electronic device. This process is considered EMI if it interferes with the
operation of a device. EMI takes two forms: conducted or radiated. Conducted EMI occurs when
electronic devices induce currents in the local power network that in turn negatively affect other
devices on that network. Radiated EMI is associated with the electric and magnetic field inherent
in electronic devices. EMI can be minimized with proper grounding and wiring techniques. 17
EMI limits for both consumer and non-consumer lighting products sold in the United States are
listed in 47 CFR 18 subpart C. These regulations require that consumer/residential (Class B)
ballasts have lower maximum EMI requirements than non-consumer (Class A) products. The
International Committee on Radio Interference has more stringent regulations concerning EMI.

3.3.3.7 Transient Susceptibility

Metal halide lamp fixtures are frequently used in applications that have the potential for
voltage spikes and surges caused by lightning strikes, switching contacts, and inductive loads.
These transients pose a serious threat to ballast operation. While magnetic ballasts are somewhat
rugged and can withstand 15 to 20 kV, electronic ballasts are more susceptible to drastic changes
in voltage and generally cannot withstand a transient greater than 6 kV. In both cases, the ballasts
can be protected by arrestors that either run the interference into the ground or absorb the excess
flow of current. Such measures are incredibly important for electronic ballasts; the preferred
arrestor technology to protect the ballast against transients is silicon oxide varistors (SOVS).h
SOVs consist of a pair of metal electrodes separated by a silicon oxide compound. Under normal
conditions, the silicon oxide is a good insulator so that no line current flows between the
electrodes to ground. When an excessively high voltage occurs on the electrodes, the high energy
electrical field ionizes the silicon oxide. Since the silicon ion is a good conductor, the high
energy current is conducted to ground. When the voltage falls toward normal, the silicon and
oxygen ions recombine, forming silicon oxide and shutting off the conduction. Electronic metal
halide ballasts require approximately 10 kV surge suppressors in order to be installed safely in
most outdoor applications.

3.3.3.8 Fitted Form

Magnetic and electronic ballasts come in a variety of form factors to accommodate
different applications. Although electronic ballasts have been well miniaturized for low-wattage,
indoor applications (e.g., track lighting), thermal requirements make volume reduction difficult
at higher wattages. While electronic ballasts tend to be monolithic, magnetic ballasts often have
two or more pieces that can be arranged within a given fixture. Furthermore, electronic ballasts
might require special mounting within a fixture for heat sinking. Nonetheless, some
manufacturers have begun to market electronic ballasts that are “drop-in” replacements for
magnetic units.

" A similar function can be performed by metal oxide varistors (MOVS).

3-33



3.3.3.9 Dimming

Dimming, or the practice of intentionally operating a lamp at less than its rated output,
holds enormous energy saving potential. In many lighting applications, it is important to have the
ability to quickly summon full output, but less important to have it all the time. Examples of this
might be roadways with infrequent traffic, daylight-harvesting buildings, untraveled warehouse
aisles, and vacant parks. In certain applications, dimming may be a cost-effective path toward
energy savings. A ballast dimmed to 50 percent input power half of the time would,
mathematically, consume 25 percent less energy than that same ballast operated always at full
output. Depending on the marginal cost of adding dimming capability, it might be far less
expensive than purchasing a ballast that were natively 25 percent more efficient (if such a ballast
were even available). Dimming has been successfully used to save energy in a variety of lighting
technologies.

Dimming metal halide lamps, however, is not without its challenges. Lamps are designed
to stabilize at a certain temperature, of which light color and lamp life are a function. As color
temperature and color rendering index (CRI) are often reasons for choosing metal halide lighting
over competing technologies, some applications will find color shift unacceptable. Furthermore,
many lamp manufacturers recommend that their lamps be dimmed to not lower than 50 percent
of rated power. While this may be a good step toward saving energy, it may be inadequate for
aesthetic or “mood” lighting. Although electronic ballasts can usually dim continuously from full
to minimum output and back, magnetic ballasts are usually constrained to stepped dimming,
oftentimes only between full and half power. Finally, while the cost of a dimming ballast might
not far exceed that of a non-dimming ballast, costs of hardware needed to regulate the dimming
(e.g., photosensors, radio receivers, relays, wiring) could be considerable.

Electronic and magnetic ballasts accomplished dimming in different, but analogous, ways.
Because many electrical components have properties that vary with frequency, operating power
transistors at higher or lower frequencies is a convenient way to limit power transfer to the lamp.
Although magnetic ballasts have no ability to modulate frequency, they will change the electrical
properties of their circuits in different ways. Constant-wattage autotransformer ballasts
(discussed further in section 3.3.4.1) might use a bi-level capacitor, for example, switched by a
relay between the two capacitances.

3.3.3.10 Magnetic Ballasts

Metal halide magnetic ballast technology is older than electronic ballast technology, and
used today for its low cost and tolerance of harsh environments. The primary feature of a
magnetic ballast is one or more coils of magnet wire around an iron core; because of this they are
often called “core-and coil” ballasts. Apart from the igniter of pulse-start ballasts, magnetic
ballasts contain no power electronics and are, therefore, better equipped to survive voltage
transients and high temperatures.

The main components of a magnetic ballast are a magnetic choke to limit the current, a
step-up transformer to obtain a high starting voltage, and a capacitor that corrects for the ballast’s
low power factor. Magnetic ballasts operate at an input frequency of 60 Hz and operate the
lamp(s) at the same frequency.
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The main core and coil assembly consists of a capacitor and laminated transformer steel
wound with copper or aluminum magnet wire. The assembly is infused with a potting material
(e.g., hot asphalt, epoxy) containing fiber such as silica and housed in a steel case. Figure 3.3.14
presents a view of a typical core and coil assembly.

Source: GE Lighting
Figure 3.3.14 Core and Coil Assembly of a Magnetic Ballast

The core and coil assembly functions as a voltage transformer and current limiter
(choke). A capacitor enables the ballast to use energy from the alternating-current power line
more efficiently; the ballast is then referred to as a HPF or PF corrected ballast. The purpose of
the insulating material is to conduct heat away from the transformer coils and ensure tightness of
the transformer coils to eliminate vibration noise.

Particularly at lower wattages, magnetic ballasts are less energy efficient than electronic
ballasts. Magnetic ballasts fail to optimize lumen output for a given wattage. These ballasts also
release energy not used to operate the lamp as heat in the transformer windings. In order of
increasing cost and complexity, metal halide lamp magnetic ballasts have the following types of
circuits: linear reactor (reactor), high-reactance autotransformer (HX-HPF), constant-wattage
autotransformer (CWA), constant-wattage isolated (CWI), and magnetically regulated lag (mag-
reg or regulated lag). In general, extra circuitry helps the ballast maintain a constant power
output through variations in input voltage.

Linear Reactor

Reactor ballasts are the simplest, smallest, cheapest, and most efficient type of magnetic
ballast. Though a capacitor is often employed for power factor correction (PFC), a reactor ballast
can be as simple as a mere inductor in series with the load. A reactor ballast drops more voltage
as current increases, stabilizing lamp current at the appropriate point. The major drawback of a
reactor ballast is its susceptibility to line voltage variation; the commonly used ratio is a 5
percent voltage dip produces a greater than 10 percent power dip. Furthermore, the ballast has no
ability to modify voltage, meaning the line voltage must be sufficient to run the lamp, often
limiting reactor ballasts to 277 V applications.
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High-Reactance Autotransformer

With high-reactance autotransformers, the addition of a capacitor to the primary circuit
makes it possible for the ballast to provide a high power factor. The high power factor
autotransformer is usually designed with an extra capacitor winding within its copper windings
in order to provide a more economical and efficient system. The HX-HPF ballast’s power factor
can be increased to about 90 percent by combining the extended windings with the capacitor.
The input current is reduced, as in the high power factor reactor. Lamp performance and
regulation are also the same at plus or minus 5 percent. Currently, HX-HPF ballasts account for
the majority of sales of magnetic ballasts rated at or less than 150 W.

Constant-Wattage Autotransformer

The CWA ballast type should be used where a stabilized light output is required. CWA is
an HID ballast type that comes in a fairly small economical size, yet still provides a reasonable
degree of regulation. The CWA ballast also offers the advantage of a high power factor, low line
extinguishing voltage, and line starting currents that are lower than operating currents. The CWA
type of ballast is the most commonly used ballast in North America today.

Unlike the HX-HPFs, which use a capacitor as a parallel component, the capacitor on a
CWA ballast type is used in series with the lamp. This alignment provides the lamp with a more
stable wattage when voltage on the branch circuit fluctuates. As the capacitor is performing an
important ballasting function, it is referred to as a lead circuit. CWA is the most common ballast
topology because of its ability to resist line voltage changes and for its lower starting current
demands. Although some CWA units rated for lower than 150 W are sold, wattages higher than
150 W are firmly CWA territory.

Constant-Wattage Isolated Transformer

CWI ballasts are nearly identical to CWA ballasts in both structure and function, the
primary difference being a conventional two-coil transformer in place of the single-coil
autotransformer. At a very slight efficiency cost, CWI ballasts provide better protection against
voltage transients, as the low and high sides of the ballast are coupled only magnetically. Though
common in Canada, few CWI ballasts are sold in the United States.

Magnetically Regulated Lag

Regulated lag ballasts are the largest, heaviest, and most expensive topology. Three
distinct circuits collaborate to provide the greatest degree of resistance to voltage variation, and
regulated lag ballasts may even sustain lamps through voltage drops of 30 percent. Regulated lag
ballasts were exempted from standards in EISA 2007 and account for a very small (less than one
percent) fraction of the North American ballast market. Due to their large size and high cost,
regulated lag ballasts are unlikely to be substitutes for CW As or other ballast types.

3.3.3.11 Electronic Ballasts

Depending on wattage, electronic ballasts might be between 2 and 20 percent more
efficient than their magnetic counterparts. Electronic ballasts can be roughly divided into low-
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and high-frequency types that, respectively, operate lamps far below or above frequency ranges
prone to acoustic resonance. Most low-frequency (LF) ballasts drive their lamps with a “square”
wave, while high-frequency (HF) units usually produce sinusoids. Although HF units are thought
by some to be more efficient because of smaller circuitry components and the elimination of a
power processing stage from the ballast, metal halide efficiencies do not scale with frequency the
same way fluorescent efficiencies do; high efficiency electronic ballasts can be found operating
at both high- and low-frequencies.

Figure 3.3.15 presents a functional block diagram example of a fixed-light output
electronic ballast. Auxiliary functions performed by a typical electronic ballast include EMI
filtering to block ballast-generated noise, input rectification, PF correction for sinusoidal input
current, a direct-current (DC) filter, a direct-current to alternating-current (DC-AC) inverter, a
feedback/controller for high-frequency operation, and a final output stage to power the lamp.

EMI Input Power Factor O Fliwr DE-AC Output
Flltar Ractiflar *| Corrmctlon | Psmrter Stapgm

'

h

> FeadbackfController

Source: T. Ribarich, A Systems Approach to Ballast IC Design, EIl Segundo, CA, 1999, and Philips Semiconductor,
Power Semiconductor Applications, /994.

Figure 3.3.15 Electronic Metal Halide Ballast Block Diagram

Figure 3.3.1 provides a description of each component in a typical electronic metal halide
ballast, the efficiency impact of these components, and the waveform at each stage of the ballast
circuit.

Table 3.6 Basic Building Blocks of a Metal Halide Ballast and Associated Characteristics

Efficiency Waveform (not to

Circuit Stage Function Impact scale)

Impedes EMI by providing a high impedance
path to EMI and a low impedance path to the

desired input. The circuit also protects against
high voltage spikes.

L] v
T 1

Very Low

EMI Filter
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Input Rectifier

Begins to convert incoming AC to DC using
diodes. A full-bridge rectifier, one type of
input rectifier, is composed of four diodes,
which “rectify” the full AC waveform as
shown in the waveform on the right. The
current is not in phase with the voltage.

Low

EilN

1

a

Corrects the current so it is in phase with the
voltage. Power factor correction can be
achieved through a buck or boost-converter
circuit topology.

Low-Medium

Power Factor
Correction
J_ V
T Reduces “ripple” of the DC current waveform
using capacitors. The most common type of Low
_ capacitor used is the electrolytic capacitor.
t
DC Filter
H g Converts incoming DC to AC, sets the current Vv
to the lamp, and provides a high voltage pulse
to start the lamp. The full-bridge (with Hish
integrated buck converter) circuit is one type &
of circuit topology that can be used to
| (HO accomplish this task. t
DC-AC Inverter and
Output Stage
An integrated circuit (IC) that controls the
Feedback/Controller frequency output of the DC-AC inverter. It Low N/A

can also protect against under voltage lockout
and lamp faults.
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3.3.4 Metal Halide Ballast Technology Options

When analyzing equipment efficiency potential, DOE first identifies all of the different
ways efficiency could be improved. These technology options are later evaluated on the basis of
four statutorily prescribed criteria, after which the remaining selections are called design options.
The following sections describe technology options for incrementally improving the efficiency
of magnetic and electronic ballasts included in metal halide lamp fixtures.

3.3.4.1 Magnetic Ballasts

There are four main ways of reducing losses in magnetic ballasts: improving the core
steel, using copper conductor, increasing the stack height, and increasing conductor cross-
section.

Improved Core Steel

Electrical steel, placed in a time-variant magnetic field, loses energy in two ways. Eddy
currents are small, unproductive currents that dissipate energy resistively, whereas hysteresis is a
nonlinearity in the magnetization of a material in response to the magnetic field applied.
Electrical steels are made in different grades that correspond to different losses. Inexpensive
magnetic ballasts typically use non-oriented steel whose magnetic properties are isotropic.
Higher grades of steel can be grain-oriented, where the microscopic structure of the material is
optimized for a particular field direction, or amorphous, which has no grain structure at all and
the most desirable magnetic properties.

Copper Conductor

Most inexpensive magnetic ballasts use aluminum conductor, which is more resistive
than copper conductor of the same gauge. Because conductor losses vary in proportion to the
resistance of the conductor, lowered resistance yields lower losses and higher ballast efficiency.

Increased Stack Height

Losses in electrical steel vary with magnetic flux density, with higher flux density
yielding higher losses. For a given magnetic field, increasing core cross-section will lower flux
density and, therefore, lower losses. Because steel laminations are said to be “stacked” to form a
core, increasing core cross-section is ordinarily done by adding steel laminations, or increasing
the stack height. However, adding steel also adds core losses in the form of eddy currents and
hysteresis, and also requires a greater length of conductor, eventually offsetting decreased core
losses from increased core cross-section.

Increased Conductor Cross-Section

The efficiency of a magnetic ballast could be increased with the use of increased
conductor cross-sections in the windings of the magnetic choke and step-up transformer. This
can be accomplished by both using larger wire gauges (i.e., lower numeric values) and having
multiple strands of wire operating in parallel. Using greater cross-sectional area in the magnetic
component windings decreases the winding resistance and associated losses. Increased cross-
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sectional area in the windings could necessitate a longer core or additional layers of wire if the
core length cannot be changed to maintain the same electromagnetic properties. This design
option typically corresponds to an increase in manufacturing cost.

3.3.4.2 Electronic Ballasts

Electronic ballasts contain a wide variety of components and circuit types, leading to
many paths to increased ballast efficiency. DOE organized these options into two categories,
improved components and improved circuit designs. In addition, the use of electronic ballasts
instead of magnetic ballasts is also a path to increased efficiency for many wattage ranges.
Electronic ballasts use modern, solid-state components and circuits to perform the same function
as magnetic ballasts with lower electrical losses.

Improved Components

A common way to increase the efficiency of electronic ballasts is to improve the quality
of their components. Magnetics (transformers and inductors), diodes, capacitors, and transistors
are the main components that affect efficiency.

Magnetics: In electronic ballasts, magnetics influence the efficiency of the EMI filtering,
PFC, and output stage of the ballast. In magnetic ballasts, magnetic components influence the
efficiency of the output stage and current-limiting portion of the ballast.

There are two loss mechanisms associated with magnetics: core losses and winding
losses. Core losses involve the magnetic properties of the core material, which exhibits power
losses in the form of hysteresis and eddy currents within the core itself. Winding losses come
from the resistance in the winding, typically aluminum or copper. There are several technology
options that can decrease magnetic component’s core losses. These options include improved
materials such as grain-orientated silicon steel and amorphous steel and increased core size. Litz
wire can be used as a technology option to improve a magnetic component’s winding losses.

Core losses in magnetic components can be decreased through four main methods. The
material of the core can be varied. DOE has identified two types of core materials that ballasts
can use: silicon steel (thinly laminated steel alloyed with silicon) and amorphous steel. Core
performance of silicon steel can be enhanced by magnetically aligning the grain structure in the
metal. To further increase the efficiency of the ballast using amorphous materials, one can create
the core of the magnetic component from laminated sheets of amorphous steel, insulated from
each other. However, this method can increase the size and weight of the ballast. Additionally,
the magnetic component’s core can be designed with a larger cross-section (increased stack
height) to reduce core losses, though this method also increases the size and weight of the ballast.

Winding losses in magnetic components can be decreased via three main methods.
Different materials have different resistive properties and can result in different winding losses.
Aluminum is the most basic (least efficient) material currently used. Copper is more conductive,
and with its gauge size optimized for wattage, voltage, and current specifications, and the
number of windings increased, winding losses can decrease relative to aluminum. Litz wire has
even lower losses as it consists of a number of individually insulated magnet wires twisted or
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braided into a uniform pattern. For high-frequency electronic ballasts, winding losses become
more prominent through two additional loss mechanisms: skin effect and proximity effect. Skin
effect refers to the tendency of AC current to flow through a conductor’s surface or “skin” rather
than a conductor’s core. Proximity effect occurs when conductors are close together and the
magnetic field of one conductor reduces the area that the current flows through in another
conductor. Because litz wire increases the amount of surface area current can flow through, its
use can reduce overall winding losses by decreasing the effective wire resistance. Winding losses
can also be decreased within any material type by increasing the cross section of the wire used
for the windings.

Diodes: In electronic ballasts, the input rectifier inverts the negative half of the AC sine
wave and makes it positive. Several technology options can be used to improve the efficiency of
this portion of the circuit. The power consumed by a diode is the product of the current flowing
through the diode multiplied by the voltage drop across it. Conventional diodes have a voltage
drop of about 0.6 V. Using Schottky diodes' could reduce the voltage drop across the diodes by
about 0.3 Vto 0.4 V.

Capacitors: In both magnetic and electronic ballasts, capacitors are used in the PFC and
output stage of the circuit design. In electronic ballasts, capacitors are also used in the DC Filter
stage of the electronic circuit. One way to improve the efficiency of each portion of the circuit is
to use capacitors with low effective series resistance (ESR). Capacitors with a low ESR are also
more reliable because they are cooler than capacitors with a higher ESR.

Transistors: In electronic ballasts, transistors are used in both the power factor correction
and the DC-AC inverter portion of the circuit. The transistor dissipates energy due to its drain-to-
source resistance (Rps on) when the current flows through the transistor to the transformer.
Using transistors with low Rps on can reduce this loss. For example, the efficiency of electronic
ballast’s bipolar transistors can be improved by using metal-oxide-semiconductor field-effect
transistors (MOSFETs), a transistor with a lower drain-to-source resistance. In addition,
transistors with lower capacitance can reduce switching losses.

Improved Circuit Design

Another method of increasing the efficiency of electronic ballasts is to improve the
ballast’s circuit design. Examples of improved circuit design include integrated circuits (ICs) and
improved starting method.

Integrated Circuits: In certain cases a ballast’s efficiency can be improved by substituting
ICs for discrete components. For example, some ballasts use bipolar transistors in a resonant
half-bridge self-oscillating circuit to convert incoming DC to AC. The efficiency of this circuit
can be improved by substituting the components in that circuit with an IC. Though the inclusion
of ICs alone does not automatically increase efficiency, ICs allow for more advanced control of
other components, which can lead to increased ballast efficiency.

" A Schottky diode is a metal semiconductor diode with a smaller voltage drop than a conventional diode. Schottky
diodes therefore consume less power.
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3.4 EQUIPMENT CLASSES

When evaluating and establishing energy conservation standards, DOE divides the
covered equipment into classes by the type of energy used, capacity, or other performance-
related features that affect efficiency, as well as factors such as the utility of the equipment to
users. (42 U.S.C. § 6295(q)) DOE then conducts its analysis and considers establishing or
amending standards to provide separate standard levels for each equipment class. DOE applied
the criteria of 42 U.S.C. § 6295(q) to metal halide lamp fixtures to develop equipment classes for
this NOPR TSD. This section describes the equipment classes DOE proposed for this
rulemaking.

In amending EPCA, EISA 2007 effectively set four equipment categories for metal halide
lamp fixtures based upon the ballasts used and the wattage of the lamps in those fixtures. In
prescribing initial energy conservation standards for metal halide lamp fixtures, the statute
established minimum efficiency requirements for the metal halide ballasts contained in those
fixtures. (42 U.S.C. § 6295(hh)(1)(A)) The current equipment categories for metal halide lamp
fixtures are presented in Table 3.7.

Table 3.7 EPCA Equipment Categories Established by EISA 2007 for Metal Halide Lamp
Fixtures (by Ballast Type and Lamp Wattage)

Ballast Type and Starting Total Rated Lamp Watts
Method
Pulse-Start > 150 W and <500 W
Magnetic Probe-Start > 150 W and <500 W
. > 150 W and <250 W
Non-Pulse-Start Electronic
> 250 W and < 500 W

The equipment categories for metal halide lamp fixtures set forth in Table 3.7 are a
composite of ballast type and lamp wattage. For pulse-start metal halide ballasts, EPCA does not
distinguish by electronic configuration (magnetic or electronic), so fixtures with either type of
pulse-start ballast would be subject to the statutory standards. Pulse-start, magnetic probe-start,
and non-pulse-start electronic ballasts are considered separately, with two rated lamp wattage
ranges identified for the latter, resulting in a total of four equipment categories. In addition, EISA
2007 exempts fixtures that contain certain ballasts, such as regulated lag ballasts and electronic
ballasts that operate at only 480 volts.

In addition to the metal halide lamp fixtures identified in Table 3.7, the metal halide lamp
fixture market includes fixtures that contain ballasts that operate low-wattage (i.e., less than 150
W) and high-wattage (i.e., greater than 500 W) lamps. DOE has also examined recent market
trends. For example, pulse-start ballasts are gaining market share, whereas probe-start ballasts
are becoming less popular and consequently, losing market share. This market shift accelerated
in 2009. Based on review of catalog information of commercially available equipment, the
standard levels (i.e., the ballast efficiencies) established by EISA 2007 for metal halide lamp
fixtures have essentially eliminated magnetic probe-start ballasts from the marketplace by
requiring a ballast efficiency that is not currently attainable with electromagnetic ballast
technology. Therefore, this trend is expected to continue. Due to market changes, and because
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DOE is anticipating expanding its scope of energy conservation standards for metal halide lamp
fixtures, DOE is considering amending the equipment classes for these fixtures and their
associated ballasts. When determining equipment classes, DOE examines characteristics or
features commonly found in commercially available equipment. For metal halide lamp fixtures,
DOE examined several possible characteristics or features that could warrant separation into
different equipment classes, including: (1) input voltage; (2) fixture application; (3) electronic
configuration and circuit type; (4) lamp wattage; (5) number of lamps per ballasts; and (6)
starting method. Each of the listed characteristics or features is discussed in the following
sections.

3.4.1 Input Voltage

Through manufacturer interviews and further research of the market, DOE learned that
the majority of available metal halide ballasts have the capability to operate at different voltages
or have multiple voltage “taps” with different voltages for each tap. Multi-taps and multiple
voltages benefit consumers and manufacturers by decreasing stock-keeping unit (SKU) count,
allowing the operation of auxiliary equipment, and lowering costs by decreasing part counts and
variations of ballasts. DOE’s test results for ballast efficiency showed that although voltage can
correlate weakly to efficiency, there is no prevailing relationship (e.g., higher voltages are not
always more efficient) across ballast designs. However, DOE did examine the > 300 V category
(using 480 V ballasts as a proxy) to more fully understand this subgroup.

To study the impact of the ability to operate at 480 V, DOE first compared quad-input-
voltage ballasts (ballasts able to operate at 120, 208, 240, and 277 V) and dedicated 480 V units.
DOE found that the quad-input-voltage ballasts were, on average, 1.2 percent more efficient.
DOE also compared quad- and quint-input-voltage ballasts (ballasts that are able to operate at
120, 208, 240, 277, and 480 V). DOE found that the quad-input-voltage ballasts were, on
average, 0.4 percent more efficient.

Because dedicated 480 V ballasts have a distinct utility and a difference in efficiency
relative to ballasts tested at 120 V and 277 V, DOE proposed separate equipment classes for
ballasts tested at 480 V (in accordance with the test procedure). These would include dedicated
480 V ballasts and any ballasts which are capable of being operated at 480 V, but incapable of
being operated at the input voltage specified by the test procedure (either 120 V or 277 V,
depending on lamp wattage).

3.4.2 Fixture Application

DOE has preliminarily determined to set energy conservation standards based on a ballast
efficiency metric. DOE’s research has determined that the same efficiencies can be achieved in
all applications (including outdoor and indoor) by the same or similar products. DOE also found
that electronic ballasts have been successfully applied to a variety of both indoor and outdoor
applications where temperature and other limiting conditions could hinder their implementation.
DOE acknowledges, however, that there is currently a market reluctance to use electronic metal
halide ballasts in outdoor applications, particularly due to concerns with the electronic ballast’s
ability to withstand voltage transients.
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Regardless, DOE has found it is technologically feasible to address these concerns either
with internal transient protection to the ballast using MOVs in conjunction with other inductors
and capacitors or with an external surge protection device. DOE understands that this added
protection also adds an incremental cost to the magnetic ballast or magnetically ballasted fixture,
and has addressed these costs in chapter 5 of the NOPR TSD. DOE has determined that transient
protection needed for outdoor applications and 120 V auxiliary power functionality needed for
indoor applications leads to different overall fixture cost-efficiency relationships. Based on the
difference in utility and the cost-efficiency relationship, DOE believes separate equipment
classes are justified for indoor and outdoor fixtures. DOE proposes outdoor fixtures be defined as
rated for use in wet locations and having 10 kV of transient voltage protection. DOE proposes to
define the wet location rating as labeled for use in wet locations as specified by the National
Electrical Code 2011, section 410.10(A) or UL 1598 Wet Location Listed.® According to the
ANSI C136.2-2004 standard for outdoor transient protection, outdoor fixtures must be rated to
withstand a 10 kV pulse. DOE proposes to use this 10 kV voltage pulse withstand requirement
from ANSI C136.2-2004 as a characteristic unique to outdoor fixtures. Thus, fixtures that do not
meet both the NFPA 70 definition of rated for wet locations and the ANSI C136.2-2004
requirement of 10 kV voltage transient protection will be defined as indoor fixtures.

3.4.3 Electronic Configuration and Circuit Type

As previously discussed, metal halide ballasts have two distinct types of electronic
configuration: electronic and magnetic. The more commonly used magnetic ballasts are typically
composed of transformer-like copper windings on a steel or iron core. The newer and more
efficient electronic ballasts rely on electronic filters, switches, and capacitors/inductors to control
current and voltage to the lamp.

In metal halide lamp fixtures, electronic ballasts can be used to achieve higher efficiency
than magnetic ballasts. In the current metal halide lamp fixtures market, electronic ballasts are
direct replacements for magnetic ballasts for most lower to medium-wattage applications (up to
500 W). DOE’s review of manufacturer catalogs shows that at higher wattages, few electronic
ballasts are available due to the significantly higher cost of components. For electronic ballasts,
the only difference in circuit type is either “high” or “low” frequency circuit type. Due to
acoustic resonance issues and electromagnetic interference effects, ballast frequencies above 300
Hz become difficult to manufacture and have difficulty complying with Federal Communications
Commission (FCC) standards.' For low-frequency electronic ballasts, a square current waveform
is used to diminish acoustic resonance and maintain lamp life.

I According to NEC2011, luminaires installed in wet or damp locations shall be installed such that water cannot
enter or accumulate in wiring components, lampholders, or other electrical parts. All luminaires installed in wet
locations shall be marked, “Suitable for Wet Locations.” All luminaires installed in damp locations shall be marked
“Suitable for Wet locations” or “Suitable for Damp Locations.”

¥ According to UL Standard Publication 1598, a wet location is one in which water or other liquid can drip, splash,
or flow on or against electrical equipment. A wet location luminaire shall be constructed to prevent the accumulation
of water on live parts, electrical components, or conductors not identified for use in contact with water. A luminaire
that permits water to enter the luminaire shall be provided with a drain hole.

'FCC regulations at 47 CFR part 18, subpart C set forth technical standards for industrial, scientific, and medical
equipment that specify frequency bands and ranges tolerances as well as electromagnetic fields strength limits.
Some metal halide ballasts may be covered under these “industrial, scientific, and medical (ISM) equipment”
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EISA 2007 distinguishes non-pulse-start electronic equipment classes by separating them
into two rated lamp wattage ranges (=150 W and <250 W, and >250 W and <500 W). According
to DOE’s review of manufacturer catalogs and information provided by manufacturers during
interviews, non-pulse-start electronic metal halide ballasts are not available in the market. While
EISA 2007 provisions may have been intended to capture alternative technologies that could be
available in the near term, DOE has no information that indicates differences in efficiency or
consumer utility based on pulse versus non-pulse-start ballasts. Therefore, DOE does not believe
equipment classes should be divided by electronic configuration.

Magnetic metal halide ballasts are available in the market in several circuit types
including high-reactance autotransformer, CWI transformer, CWA, linear reactor (reactor), and
magnetically regulated lag (regulated lag or mag-reg) ballasts. Each magnetic circuit type listed
has different characteristics that could have separate applications. These characteristics include
size, efficiency, and power regulation. Each of these characteristics is discussed in section
3.3.4.1. For example, magnetically regulated lag ballasts are typically the largest and heaviest
circuit type, but provide the greatest degree of resistance to input voltage variation (which
sustains light output). Overall, magnetic ballasts provide much greater resistance to high
temperature and voltage transients. DOE recognizes the technological differences between
magnetic and electronic ballasts and has incorporated the cost of additional devices or
modifications necessary for certain applications into its analysis. In chapter 5 of the NOPR TSD,
DOE addresses impacts on manufacturers of a transition to electronic ballasts, but does not
consider these impacts in development of equipment classes.

While it is true that consumers make purchasing decisions on electronic versus magnetic
ballasts after consideration of several parameters not limited to efficiency, DOE’s analysis has
found that significant energy savings can be realized through a transition from magnetic to
electronic ballasts. DOE continues to take the position that electronic configuration does not
impact consumer utility and does not define equipment classes based on that factor.

3.4.4 Rated Lamp Wattage

Metal halide ballasts are available for lamps with rated wattages as low as 20 W and as
high as 2000 W. As lamp wattage increases, lamp and ballast systems generally produce
increasing amounts of light. Because certain applications require more light that others, wattage
often varies depending on application. For example, low-wattage lamps are mainly used in
commercial and some residential applications for general lighting purposes. Medium-wattage
(i.e., 150 W to 500 W) lamps are the most widely used and include warehouse, street, and
general commercial lighting. High-wattage lamps are mainly used in searchlights, stadiums,
stage applications, and other applications that require powerful white light. The wattage of the
lamp and ballast system provides a consumer utility based on its impact on light output. DOE
also determined that the wattage of the lamp and ballast system impacts the efficiency of the
ballast. Generally, ballast efficiency increases with increasing power. For electronic ballasts, this
efficiency gain can be attributed to the proportion of fixed losses to total losses. For low-wattage
electronic ballasts, fixed losses contribute to a larger proportion of total losses than in a high-

standards, which list the general operating conditions for ISM equipment. Ballasts designed to exceed 9 kHz ballast
frequency have to be designed so that interference with transmitted radio frequencies is eliminated. 47 CFR 18.111.
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wattage ballast. Magnetic ballasts are essentially transformers (sometimes with capacitors for
power correction and igniters for pulse-starting) that are understood to have proportionally lower
losses with increased wattage. Because wattage can affect both consumer utility (light output)
and efficiency, DOE proposed to establish separate equipment classes on the basis of wattage.

EISA 2007 defines equipment classes with a single rated lamp wattage range (150 to 500
W) for both pulse-start and probe-start metal halide ballasts. For non-pulse-start metal halide
ballasts, EISA 2007 separates equipment classes into two rated lamp wattage ranges (<250 W
and >250 W). For the framework document, DOE considered defining metal halide lamp fixture
equipment classes by including additional lamp wattage ranges. DOE considered including (1)
<150 W, (2) >150 W and <250 W, (3) >250 W and <500 W, and (4) >500 W as separate wattage
bins to establish a separation of equipment classes.

DOE carried out additional analysis on the shipment volume and range of efficiencies
available in a <150 W equipment class. DOE’s efficiency test results for a ballast wattage
representative of the low-wattage equipment class (70 W) confirmed that lower wattage ballasts
have significant differences in efficiency depending on the technology (i.e., electronic or
magnetic ballast). In terms of shipment volume, manufacturers indicated during interviews that
lower wattage shipments predominantly fall between 50 W and 150 W. DOE also determined
that the >50 W and <150 W wattage range warranted additional division.

Efficiency varies more significantly for ballasts that operate 50 W to 150 W lamps than
for the other wattage ranges considered. After analysis of specific wattages, DOE found the
range of efficiencies available for 150 W ballasts supported more efficiency levels than for 70 W
ballasts, suggesting the need for additional divisions in wattage. Based on catalog information
and manufacturer interviews, DOE determined that 50 W and 100 W fixtures typically serve the
same applications, while 150 W products begin to serve applications with increased light demand
such as area or parking. Using this natural division in wattage based on application, DOE
developed the equipment class ranges >50 W to <100 W and >100 W to <150 W.

Furthermore, as discussed in section 3.2.3.1, there is an existing EISA 2007 exemption
for ballasts that are rated only for 150 W lamps, used in wet locations, and operate in ambient air
temperatures higher than 50 °C. This exemption led to a difference between the commercially
available efficiencies for ballasts exempted and those not exempted by EISA 2007. The
exempted ballasts have a range of efficiencies more similar to wattages less than 150 W, rather
than those greater than 150 W. By contrast, those ballasts not exempted by EISA 2007 have
efficiencies more similar to ballasts greater than 150 W rather than less than 150 W. As a result,
DOE is proposing 150 W fixtures previously exempted by EISA 2007 would be included in a
>100 W and <150 W wattage range, while 150 W fixtures subject to EISA 2007 standards would
be included in a >150 W to <250 W wattage range.

Additionally, when analyzing the >500 W wattage range, DOE’s research indicated that
there are a number of ballasts available for general lighting applications above 1000 W. The
primary example of such applications is outdoor sports lighting. Lighting in sports stadiums and
arenas commonly uses metal halide ballasts of 1000 W to 2000 W, and falls into DOE’s
definition of general illumination. Based on a review of product catalogs, DOE proposed capping
the highest wattage bin at 2000 W. Ballasts and lamps operating at more than 2000 W were
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uncommon and served niche markets.

DOE chooses a representative unit in the engineering analysis (see chapter 5 of the
NOPR TSD) to ensure technological feasibility of all product in the proposed classes. For
today’s rule, DOE is considering defining the metal halide lamp fixture equipment classes by the
rated lamp wattage ranges >50 W to <100 W, >100 W to <150 W, >150 W to <250 W, >250 W
to <500 W, and >500 W to <2000 W. DOE proposes that 150 W fixtures previously exempted by
EISA 2007 would be included in the >100 W and <150 W wattage range, while 150 W fixtures
subject to EISA 2007 standards would be included in the >150 W to <250 W wattage range.

3.4.5 Maximum Number of Lamps Operated

A review of manufacturer catalogs shows that while the vast majority of available
ballasts only operate one lamp, a much smaller number are designed for two lamps. The limited
catalog information available shows little to no change in efficiency between a one-lamp or two-
lamp metal halide ballast. Thus, DOE does not establish separate equipment classes based on
maximum number of lamps operated.

3.4.6 Lamp Starting Method

Metal halide ballasts currently available in the market are specifically designed to operate
with either a probe-start or pulse-start lamp, but not both types of lamps at the same time.™ The
main differences between these types of starting methods is the inclusion of a third probe in
probe-start lamps, the need for an igniter circuit for pulse-start lamps, and the different wiring
specification for ballasts of each starting method. Most new applications in the market are pulse-
start due to its inherently better efficacy.

DOE does not further divide equipment classes by the ballast starting method (e.g., pulse-
start or probe-start). Equipment classes should not be further divided by starting method because
of the lack of difference in ballast efficiency and the ability to use either starting method in the
same applications. To prevent violation of anti-backsliding provisions under EISA, DOE will
maintain EISA minimum ballast efficiency requirements for fixtures with probe-start ballasts.

3.4.7 Equipment Classes Summary

Table 3.8 summarizes the metal halide lamp fixture equipment classes. DOE has
developed wattage bins to account for a varying number of efficiency levels, different cost-
efficiency relationships in the lower wattages, and the lack of general lighting applications for
wattages higher than 2000 W. Additionally, each wattage bin is further divided into indoor and
outdoor applications to account for the difference in consumer utility and the cost-efficiency
relationships for these application types. Finally each of these classes is then subdivided by input
voltage with one class for ballasts tested at 480 V (in accordance with test procedure), and the
remaining ballasts in a separate class. Ballasts tested at 480 V would include dedicated 480 V
ballasts and any ballasts which are capable of being operated at 480 V, but incapable of being
operated at the input voltage specified by the test procedure (either 120 V or 277 V, depending

" DOE is aware of some metal halide lamps that can be operated by a pulse-start or a probe-start ballast. These
lamps are much less common than lamps designed to be operated by ballasts of only one starting method.
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on lamp wattage). Due to limited information and lack of clear effect on utility or performance,
DOE does not divide the equipment classes based on the other types of characteristics and
features. Chapter 5 of this NOPR TSD provides detail on the selection of efficiency levels.
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Table 3.8 Equipment Classes for Metal Halide Ballasts

E(gl:sg:;nt Rated Lamp Wattage Indoor/Outdoor’ Input Voltage Typei
1 >50 W and <100 W Indoor Tested at 480 V
2 >50 W and <100 W Indoor All others
3 >50 W and <100 W Outdoor Tested at 480 V
4 >50 W and <100 W Outdoor All others
5 >100 W and <150 W* Indoor Tested at 480 V
6 >100 W and <150 W* Indoor All others

*
7 >100 W and <150 W Outdoor Tested at 480 V
*
8 >100 W and <150 W Outdoor All others
9 >150 W** and <250 W Indoor Tested at 480 V
10 >150 W** and <250 W Indoor All others
11 >150 W** and <250 W Outdoor Tested at 480 V
12 >150 W** and <250 W Outdoor All others
13 >250 W and <500 W Indoor Tested at 480 V
14 >250 W and <500 W Indoor All others
15 >250 W and <500 W Outdoor Tested at 480 V
16 >250 W and <500 W Outdoor All others
17 >500 W and <2000 W Indoor Tested at 480 V
18 >500 W and <2000 W Indoor All others
19 >500 W and <2000 W Outdoor Tested at 480 V
20 >500 W and <2000 W Outdoor All others

*Includes 150 W fixtures exempted by EISA 2007, which are fixtures rated only for 150 watt
lamps; rated for use in wet locations, as specified by the National Electrical Code 2002, section
410.4(A); and containing a ballast that is rated to operate at ambient air temperatures above 50°C,
as specified by UL 1029-2001.
**Excludes 150 W fixtures exempted by EISA 2007, which are fixtures rated only for 150 watt
lamps; rated for use in wet locations, as specified by the National Electrical Code 2002, section

410.4(A); and containing a ballast that is rated to operate at ambient air temperatures above 50°C,
as specified by UL 1029-2001.
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tDOE’s proposed definitions for “indoor” and “outdoor” metal halide lamp fixtures are described
in section 3.4.2.

iInput voltage for testing would be specified by the test procedure. Ballasts rated to operate lamps
less than 150 W would be tested at 120 V, and ballasts rated to operate lamps >150 W would be
tested at 277 V. Ballasts not designed to operate at either of these voltages would be tested at the
highest voltage the ballast is designed to operate.

' Ron Runkles. NEMA Premium Efficiency Electronic Ballast Program. NEMA Lighting Systems
Division. 2007. (Last accessed July 19, 2013). <http://www.slideserve.com/macha/nema-
premium-efficiency-electronic-ballast-program>.

? National Electrical Manufacturers Association. Lighting Systems Division. 2010. (Last accessed
July 19, 2013). < http://www.nema.org/Products/Documents/lightingsystemsdivision.pdf >.

3 U.S. Small Business Administration. Table of Small Business Size Standards Matched to North
American Industry Classification System Codes. 2008. (Last accessed July 19, 2013).
<http://www.sba.gov/sites/default/files/files/Size_Standards_Table.pdf>.

* U.S. Small Business Administration. Table of Small Business Size Standards Matched to North
American Industry Classification System Codes. 2008. (Last accessed July 19, 2013).
<http://www.sba.gov/sites/default/files/files/Size_Standards_Table.pdf>.

> U.S. Environmental Protection Agency and U.S. Department of Energy. About ENERGY
STAR. (Last accessed July 19, 2012).
<http://www.energystar.gov/index.cfm?c=about.ab_index>.

6 U.S. Environmental Protection Agency and U.S. Department of Energy. Residential Light
Fixtures Key Product Criteria. (Last accessed July 19, 2012).
<http://www.energystar.gov/index.cfm?c=fixtures.pr_crit_light_fixtures>.

7 U.S. Environmental Protection Agency and U.S. Department of Energy. ENERGY STAR
Lamps Draft 2 Version 1.0 Specification. 2012. (Last accessed July 19, 2012) <
http://www.energystar.gov/index.cfm?c=new_specs.lamps>

¥ Northeast Energy Efficiency Partnerships. Commercial Buildings and Technology Initiative.
(Last accessed March 24, 2011). <neep.org/regional-initiatives/1/56/Commercial-Buildings-and-
Technology-Initiative>.

® U.S. Census Bureau. Manufacturing, Mining, and Construction Statistics. Current Industrial
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CHAPTER 4. SCREENING ANALYSIS

4.1 INTRODUCTION

This chapter discusses the U.S. Department of Energy’s (DOE’s) screening
analysis of the technology options identified for metal halide lamp fixtures (MHLF or
“fixtures”). As discussed in chapter 3 of the technical support document (TSD), DOE
consults with industry, technical experts, and other interested parties to develop a list of
technology options for consideration. The purpose of the screening analysis is to
determine which options to consider further and which to screen out.

Section 325(0)(2) of the Energy Policy and Conservation Act (EPCA) provides
that any new or revised standard must be designed to achieve the maximum improvement
in energy efficiency that is determined to be technologically feasible and economically
justified. (42 U.S.C. 6295(0)(2)) In view of the EPCA requirements appendix A to
subpart C of title 10, Code of Federal Regulations (CFR), part 430 (10 CFR part 430),
Procedures, Interpretations, and Policies for Consideration of New or Revised Energy
Conservation Standards for Consumer Products (the Process Rule) sets forth procedures
to guide DOE in its consideration and promulgation of new or revised energy
conservation standards. These procedures elaborate on the statutory criteria provided in
42 U.S.C. 6295(0) and, in part, eliminate problematic technologies early in the process of
prescribing or amending an energy conservation standard. In particular, sections 4(b)(4)
and 5(b) of the Process Rule provide guidance to DOE for determining which technology
options are unsuitable for further consideration:

1. Technological feasibility. DOE will consider technologies incorporated in
commercial products or in working prototypes to be technologically feasible.

2. Practicability to manufacture, install, and service. If mass production and
reliable installation and servicing of a technology in commercial products could
be achieved on the scale necessary to serve the relevant market at the time the
standard comes into effect, then DOE will consider that technology practicable to
manufacture, install, and service.

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

4. Adverse impacts on health or safety. If DOE determines that a technology will
have significant adverse impacts on health or safety, it will not consider this
technology further.

4-1



4.2 DISCUSSION OF TECHNOLOGY OPTIONS

Several well-established engineering practices and techniques exist for improving
the efficiency of a metal halide ballast. Improving the construction materials (e.g., core
steel, conductor) and modifying the ballast’s geometry (i.e., the stack height and
conductor gauge) can make a ballast more energy efficient. Increasing core cross-section,
for instance, can reduce core losses but requires a greater length of conductor to encircle
the larger core and thus increases resistive losses. In electronic ballasts, substituting for
higher grade components (e.g., capacitor) or improving the circuit type can also increase
efficiency by reducing conduction and switching losses. It takes a great degree of
engineering skill to maximize the efficiency gains in the overall design, and there are
multiple pathways to achieve a given efficiency level. Table 4.1 presents a general
summary of the options a manufacturer may use to reduce losses in metal halide ballasts.
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Table 4.1 Metal Halide Lamp Fixtures Technology Options

Relevant Ballast Type

Technology Option

Description

Magnetic

Improved Core Steel

Use a higher grade of electrical steel,
including grain-oriented silicon or
amorphous steel, for lower core losses.

Copper Wiring

Use copper wiring in place of
aluminum wiring for lowered resistive
losses.

Increased Stack Height

To a point, adding steel laminations
results in lowered core loss.

Increased Conductor Cross-Section

To a point, increasing conductor cross
section results in lowered winding loss.

Electronic Ballast

Use an electronic ballast in place of a
magnetic ballast.

Amorphous Steel

Create the core of the inductor from
laminated sheets of amorphous steel
insulated from each other.

Electronic

Magnetics

Improved
Components

Use grain-oriented or amorphous
electrical steel to reduce core losses.

Use optimized-gauge copper or litz wire
to reduce winding losses.

To a point, adding steel laminations
results in lowered core loss.

To a point, increasing conductor cross
section results in lowered winding loss.

Diodes

Use diodes with lower losses.

Capacitors

Use capacitors with a lower effective
series resistance and output capacitance.

Transistors

Use transistors with lower drain-to-
source resistance.

Improved Circuit Integrated
Design Circuits

Substitute discrete components with an
integrated circuit.

Amorphous Steel

Create the core of the inductor from
laminated sheets of amorphous steel
insulated from each other.

43  TECHNOLOGY OPTIONS NOT SCREENED OUT OF THE ANALYSIS

This section discusses the technology options that DOE considers viable means of
improving the efficiency of metal halide lamp fixtures.
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4.3.1 Improved Core Steel

Electrical steel, placed in a time-variant magnetic field, loses energy in two ways.
Eddy currents are small, unproductive currents that dissipate energy resistively, whereas
hysteresis is a nonlinearity in the magnetization of a material in response to the magnetic
field applied. Electrical steels are made in different grades that correspond to different
losses. Inexpensive magnetic ballasts typically use non-oriented steel whose magnetic
properties are isotropic. Higher grades of steel can be grain-oriented, where the
microscopic structure of the material is optimized for a particular field direction, or
amorphous, which has no grain structure at all and the most desirable magnetic
properties. Amorphous steel has not yet been incorporated into commercially available
metal halide ballasts and DOE screened this technology out (see section 4.4).

Considering the four screening criteria for this technology option, however, DOE
did not screen out other improved steel as a core material. Because these materials are in
commercial use today, DOE concluded that they are technologically feasible and
practicable to manufacture, install, and service. DOE is not aware of any adverse impacts
on consumer utility, reliability, health, or safety associated with higher grades of steel.

4.3.2 Copper Wiring

Most inexpensive magnetic ballasts use aluminum conductor, which is more
resistive than copper conductor of the same gauge. Because conductor losses vary in
proportion to the resistance of the conductor, lowered resistance yields lower losses and
higher ballast efficiency.

Considering the four screening criteria for this technology option, DOE did not
screen out copper wiring. Because this material is in commercial use today, DOE
concluded that it is technologically feasible and practicable to manufacture, install, and
service. DOE is not aware of any adverse impacts on consumer utility, reliability, health,
or safety associated with copper wiring.

4.3.3 Increased Stack Height

Losses in electrical steel vary with magnetic flux density, with higher flux density
yielding higher losses. For a given magnetic field, increasing core cross-section will
lower flux density and, therefore, lower losses. Because steel laminations are said to be
“stacked” to form a core, increasing core cross-section is ordinarily done by adding steel
laminations, or increasing the stack height. However, adding steel also adds core losses in
the form of eddy currents and hysteresis, and also requires a greater length of conductor,
eventually offsetting decreased core losses from increased core cross-section.

Considering the four screening criteria for this technology option, DOE did not
screen out increased stack height. Because this practice is in commercial use today, DOE
concluded that it is technologically feasible and practical to manufacturer, install, and
service. Increasing stack height could affect the overall size and form factor of the ballast,
but DOE believes there is sufficient flexibility in fixtures and the space in which they are



installed to accommodate these changes. DOE is not aware of any adverse impacts on
consumer utility, reliability, health, or safety associated with increased stack height.

4.3.4 Increased Conductor Cross-Section

The efficiency of a magnetic ballast could be increased with the use of increased
conductor cross-sections in the windings of the magnetic choke and step-up transformer.
This can be accomplished by both using larger wire gauges (i.e., lower numeric values),
multiple strands of wire operating in parallel. Using greater cross-sectional area in the
magnetic component windings decreases the winding resistance and associated losses.
Increased cross-sectional area in the windings could necessitate a longer core or additional
layers of wire if the core length cannot be changed to maintain the same electromagnetic
properties. This technology option typically corresponds to an increase in manufacturing
cost.

Considering the four screening criteria for this technology option, DOE did not
screen out increased conductor cross-section. Because increased conductor cross-section is
available in commercially available products today, DOE concluded that this design is
technologically feasible and practicable to manufacture, install, and service. Increasing
conductor cross-section could affect the overall size and form factor of the ballast, but
DOE believes there is sufficient flexibility in fixtures and the space in which they are
installed to accommodate these changes. DOE is not aware of any adverse impacts on
consumer utility, reliability, health, or safety associated with the use of increased
conductor cross-section.

4.3.5 Electronic Ballast

The efficiency of a metal halide ballast can be increased through the use of an
electronic ballast rather than a magnetic ballast, particularly at medium to low wattages.
Electronic ballasts use modern, solid-state components and circuits to perform the same
function as magnetic ballasts with lower electrical losses. Electronic ballasts are often
more expensive than magnetic ballasts.

Considering the four screening criteria for this technology option, DOE did not
screen out electronic ballasts. Because electronic ballasts are in commercial use today,
DOE concluded that these ballasts are technologically feasible and practicable to
manufacture, install, and service. DOE is not aware of any adverse impacts on consumer
utility, reliability, health, or safety associated with the use of electronic ballasts.

4.3.6 Improved Components

The efficiency of electronic metal halide ballasts can be increased through the use
of improved components. Improved components can have reduced electrical losses,
increasing overall ballast efficiency, though generally at higher cost than standard
components. DOE has not screened out improved components not currently used in metal
halide ballasts, as these components are used in related power electronics products.



Considering the four screening criteria for this technology option, DOE did not
screen out improved components. Because high-grade components are in commercial use
today, DOE concluded that these components are technologically feasible and practicable
to manufacture, install, and service. DOE is not aware of any adverse impacts on
consumer utility, reliability, health, or safety associated with the use of improved
components.

4.3.7 Improved Circuit Design

The efficiency of electronic metal halide ballasts can be increased through the use
of improved circuit designs, using integrated circuits. The use of integrated circuits
provides for more advanced control of the operation of the ballast. The use of integrated
circuits also allows for use of more advanced and higher grade components, such as
improved transistors. More advanced control of the ballast makes efficiency gains
possible in the overall ballast, though generally at higher cost than standard designs.

Considering the four screening criteria for this technology option, DOE did not
screen out improved circuit designs. Because improved circuit designs (such as the use of
integrated circuits) are in commercial use today, DOE concluded that these designs are
technologically feasible and practicable to manufacture, install, and service. DOE is not
aware of any adverse impacts on consumer utility, reliability, health, or safety associated
with the use of improved circuit designs.

4.3.8 Summary of Technology Options Not Screened Out

Table 4.2 summarizes the technology options that DOE did not screen out of the
analysis, thereby designating them design options.
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Table 4.2 Design Options

Relevant Ballast Type Design Option Description
Use a higher grade of electrical steel,
Improved Core Steel including grain-oriented silicon, for
lower core losses.
Use copper wiring in place of
Copper Wiring aluminum wiring for lowered resistive
losses.
Magnetic - - T
Increased Stack Height To a point, _addlng steel laminations
results in lowered core loss.
Increased Conductor Cross-Section To a point, increasing condyctc_)r cross
section results in lowered winding loss.
Electronic Ballast Use an electronlc_ballast in place of a
magnetic ballast.
Use grain-oriented or amorphous
electrical steel to reduce core losses.
Use optimized-gauge copper or litz wire
. to reduce winding losses.
Magnetics - - —
To a point, adding steel laminations
results in lowered core loss.
Improved . -
To a point, increasing conductor cross
. Components . . S
Electronic section results in lowered winding loss.
Diodes Use diodes with lower losses.
. Use capacitors with a lower effective
Capacitors . . .
series resistance and output capacitance.
. Use transistors with lower drain-to-
Transistors .
source resistance.
Improved Circuit Integrated Substitute discrete components with an
Design Circuits integrated circuit.

44  TECHNOLOGY OPTIONS SCREENED OUT OF THE ANALYSIS

This section addresses the technologies that DOE screened out, having considered
the following four factors: (1) technological feasibility; (2) practicability to manufacture,
install, and service; (3) adverse impacts on product utility to consumers; and (4) adverse
impacts on health or safety.

DOE examined all of the technology options presented in the technology
assessment. Of those options, DOE screened out one: laminated sheets of amorphous
steel. The following discussion details DOE’s consideration of this option in the context
of the four screening criteria.

The transformer affects the efficiency of magnetic and electronic ballasts. For
electronic metal halide ballasts, transformers influence the efficiency of the
electromagnetic interference, power factor correction, and output stage of the ballast. For
magnetic metal halide ballasts, the transformer influences the efficiency of the output
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stage and current-limiting portion of the ballast. Ballast efficiency can be improved by
using higher-quality inductors. One method of decreasing transformer losses is to create
the core of the inductor from laminated sheets of amorphous steel, insulated from each
other.

DOE screened out laminated sheets of amorphous steel because DOE determined
that the amorphous steel technology adds a high level of complexity, requires additional
specialized machinery and equipment, and increases the size and weight of the ballast,
possibly to a degree where the ballast would be too large to fit in a metal halide lamp
fixture. These factors made laminated sheets of amorphous steel fail to pass the
“practicable to manufacture, install, and service” criterion. DOE also determined that
using amorphous steel could have adverse impacts on consumer utility because
increasing the size and weight of the ballast may limit the places a consumer could use
the ballast. While amorphous steel may be technologically feasible in other products,
DOE is unaware of any demonstrated feasibility specific to metal halide lamp fixtures.
DOE could find no conclusive evidence whether amorphous steel has adverse impacts on
health or safety.

4.4.1 Summary of Technology Options Screened Out of the Analysis

Table 4.3 shows the criteria DOE used to screen laminated sheets of amorphous
steel out of the analysis.

Table 4.3 Technology Options Screened Out of the Analysis

Technology Option Screening Criteria

Technological feasibility;

Practicability to manufacture, install, and service; and
Adverse impacts on product utility or product
availability.

Amorphous Steel
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CHAPTER 5 ENGINEERING ANALYSIS
5.1 INTRODUCTION

The U.S. Department of Energy (DOE) performed an engineering analysis to establish
the relationship between the manufacturer production cost (MPC) of metal halide lamp fixtures
(MHLF or “fixtures”) and the energy efficiency of metal halide ballasts (hereafter “ballasts’)
contained in the fixtures. The relationship between the MPC and energy efficiency, or the cost-
efficiency relationship, serves as the basis for cost-benefit calculations for individual customers,
manufacturers, and the Nation. This section provides an overview of the engineering analysis;
discusses the equipment classes, wattages, units, and fixtures; establishes baseline unit
specifications for each of the equipment classes; discusses incremental efficiency levels (ELs);
and discusses the analysis and results for each equipment class.

The primary inputs to the engineering analysis include cost data from teardown and retail
price scaling analysis, efficiency data from testing, and design options from the screening
analysis. The primary output of the engineering analysis is a set of cost-efficiency curves. In a
subsequent life-cycle cost (LCC) analysis (notice of proposed rulemaking (NOPR) technical
support document (TSD) chapter 8), DOE used the industry cost-efficiency curves to determine
customer prices for the equipment analyzed in the engineering analysis by applying the
appropriate distribution channel markups.

5.2 METHODOLOGY OVERVIEW

DOE structured its engineering analysis around two methodologies to estimate
manufacturing costs: (1) the design-option approach, which provides the incremental costs of
adding the design options (e.g., improved core steels), as discussed in section 5.3, to improve
efficiency to a baseline model; and (2) the efficiency-level approach, which estimates the costs
of achieving increases in energy efficiency levels through ballast efficiency testing and
teardowns, without regard to the design options used to achieve such increases. Deciding which
methodology to use for the engineering analysis depends on the equipment, the technologies
under study, and any historical data DOE has available. To establish the industry cost-efficiency
curves for ballasts included in metal halide lamp fixtures, DOE used both the efficiency-level
approach to identify incremental improvements in efficiency for each equipment type and the
reverse engineering cost-assessment approach to develop a cost for each EL.

This engineering analysis generally follows seven steps:

Determine Representative Equipment Classes. When multiple equipment classes exist, to
streamline testing and analysis DOE selects certain classes as “representative,” primarily because
of their high market volumes. DOE then extrapolates the ELs from representative equipment
classes to those equipment classes it does not analyze directly.

Determine Representative Wattages. Within each representative equipment class, DOE
also selects a particular wattage fixture as “representative” of the wattage range, primarily
because of the high market volumes. In the NOPR, DOE assigns only one representative wattage
per representative equipment class.



Determine Representative Fixture Types. To calculate the typical cost of a fixture at each
representative wattage, DOE selected certain types of fixtures to analyze as representative.

Select Baseline Units. DOE establishes a baseline unit for each representative wattage.
The baseline unit has attributes (circuit type, input voltage capability, electronic configuration)
typical of ballasts used in fixtures of that wattage. The baseline unit also has the lowest (base)
efficiency for each equipment class. DOE measures changes resulting from potential amended
energy conservation standards compared with this baseline. For fixtures subject to existing
federal energy conservation standards, a baseline unit is a metal halide lamp fixture with a
commercially available ballast that just meets existing standards. If no standard exists for a
fixture, the baseline unit is the metal halide lamp fixture with a ballast within that equipment
class with the lowest tested ballast efficiency that is sold. To determine energy savings and
changes in price, DOE compares each higher energy efficiency level with the baseline unit.

To determine the ballast efficiency, DOE tested a range of metal halide ballasts from
multiple ballast manufacturers. In some cases, DOE selects more than one baseline for a
representative wattage to ensure consideration of different fixture and ballast types and their
associated consumer economics.

Select More Efficient Units. DOE selects commercially available metal halide lamp
fixtures with higher than baseline efficiency ballasts as replacements for each baseline model in
each representative equipment class. In general, DOE can identify the design options associated
with each more efficient ballast model by considering the 12 design options identified in the
technology assessment (Chapter 3 of the NOPR TSD) and screening analysis (Chapter 4 of the
NOPR TSD). Where technology design options cannot be identified for that class by the product
number or catalog description, DOE uses a database of commercially available ballasts. DOE
then tests these ballasts to determine their efficiency. All ballast efficiencies were calculated
according to the metal halide ballast test procedure (10 CFR 431.324) unless otherwise specified.
DOE estimates the design options likely to be used in the ballast to achieve a higher efficiency
based on information gathered during manufacturer interviews.

Determine Efficiency Levels. DOE develops ELs based on: (1) the design options
associated with the equipment class studied; and (2) the maximum technologically feasible
(hereafter “max tech”) EL for that class. As discussed in section 5.5, DOE’s ELs are based on
catalog data, test data collected from commercially available equipment, manufacturer input, and
ballast modeling.

Conduct Price Analysis. DOE generated a bill of material (BOM) by disassembling
multiple manufacturers’ ballasts from a range of ELs and fixtures that span a range of
applications for each equipment class. The BOMSs describe the equipment in detail, including all
manufacturing steps required to make and/or assemble each part. DOE then developed a cost
model to convert the BOMs for each representative unit into MPCs. By applying derived



manufacturer markups to the MPCs, DOE calculated the manufacturer selling prices (MSPs)*
and constructed industry cost-efficiency curves. In cases where DOE was not able to generate a
BOM for a given ballast, DOE estimates an MSP based on the relationship between teardown
data and retail data. DOE also estimated ballast and fixture cost adders necessary to allow
replacement of more efficient substitutes for baseline models.

The sections that follow discuss how DOE applies this methodology to each equipment
class to create the engineering analysis and the methodology DOE used to develop ballast and
fixture prices.

5.3 PRICING ANALYSIS OVERVIEW

DOE based MSPs for different metal halide lamp fixtures on teardown data. In doing so,
DOE determined a manufacturer markup to scale the teardown-sourced MPC to an MSP. DOE
generated ballast and empty fixture (physical enclosure and optics) MSPs separately and then
combined the prices, as well as any relevant cost adders based on fixture type, to create an
overall MHLF MSP. In a few cases, DOE was unable to base MSPs directly on teardowns. DOE
discusses these exceptions and the alternative scaling methodologies in sections 5.10 through
5.14.

Developing ballast and empty fixture MSPs involved two main sources: (1) teardown
data and (2) a markup analysis to develop the MSP from the teardown-sourced MPC. Figure 5.1
shows the general breakdown of costs and profit associated with manufacturing and selling a
product. The full cost of production is broken down into two main costs: the MPC and the non-
production cost. The non-production cost plus profits is equal to the manufacturer markup. DOE
totaled the cost of materials, labor, and direct overhead used to manufacture a product in order to
calculate the MPC.? Section 5.3 describes how DOE arrived at the MPC and how DOE
established a markup that estimates non-production costs and profit.

MSP

Full Cost of Production

~

Manufacturer Production Costs Non-Production Costs Profit
. ) R General & Research &
Direct Dlrec.t Overhead Selling Administrative || Development Other ERBIT
Labor Material Costs Costs
Costs Costs

Figure 5.3.1 Manufacturer Selling Price

! The MSP is the price at which the manufacturer can recover all production and non-production costs and earn a
profit. Non-production costs include selling, general, and administration (SG&A) costs, the cost of research and
development, and interest.

2 When viewed from the company-wide perspective, the sum of all material, labor, and overhead costs equals the
company’s sales cost, also referred to as the cost of goods sold (COGS).
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5.3.1 Manufacturer Production Costs

The MPC is composed of direct labor, direct material, and overhead costs. In the case of
electronic ballasts, direct material costs represent the direct purchase price of components
(resistors, connecting wires, etc.). In the case of magnetic ballasts, direct material costs represent
the purchase price of steel laminations, copper wires, and other components. Manufacturers
commented that the materials involved in fixture manufacturing are highly correlated to
commaodity pricing. DOE used five year average material prices from 2007 to 2011 when
possible.

DOE conducted teardown analyses for select commercially available metal halide ballasts
and empty fixtures. The direct labor costs include fabrication and assembly labor. The teardown
results also included estimates for direct labor costs associated with the assembly of the product.
Separate labor rates were used for components that required manual (hand) insertion versus those
that were automated. Based on conversations with manufacturers, DOE assumed the ballasts
were generally manufactured in China and Mexico and applied the corresponding labor rates.
During manufacturer interviews, DOE learned that fixtures are typically manufactured
domestically, so DOE applied a United States labor rate for fixture teardowns.

One of the challenges associated with tearing down magnetic ballasts is identifying the
type of electrical steel used. The grade or type of electrical steel affects the cost and overall
efficiency of the ballast but is impossible to discern from a visual assessment. During interviews,
DOE received feedback from manufacturers regarding the types of steel used at certain ballast
wattages and efficiencies. In other cases, DOE used the steel types determined from ballast
modeling to calculate the cost of a representative unit. Ballast modeling is discussed in section
5.9.

The teardown results did not include overhead estimates. Overhead includes indirect
material and labor costs, maintenance, depreciation, taxes, and insurance related to assets. To
calculate overhead, DOE utilized information available in the recent standards rulemaking for
fluorescent lamp ballasts.® In that rulemaking, DOE used financial data to estimate the overhead
cost by calculating it as a percentage of the MPC. DOE estimated the depreciation cost from a
representative electronics fabrication company’s U.S. Securities and Exchange Commission
(SEC) 10-K, finding it to be about 2.6 percent of the cost of goods sold or the MPC. To
determine the material and labor percentage, DOE marked down aggregated confidential MSPs
to an MPC using the manufacturer markup (section 5.3.3). Then, DOE computed the ratio of
aggregated teardown-sourced material and labor costs to the manufacturer markdown sourced
MPC. DOE found the material and labor costs to be about 93.8 percent of the MPC. DOE then
subtracted the materials and labor and depreciation percentages from 100 percent to back out the
remainder of overhead as a percentage of MPC. Overhead was estimated to be 3.6 percent of the
MPC, which is reasonable as electronics manufacturing generally has low overhead costs. DOE
found overhead and depreciation to be about 6.2 percent of the MPC or 6.6 percent of the
material and labor costs. The 6.6 percent factor was then used to mark up the material and labor
costs contained in the teardown results to the MPC.

3 http://www1.eere.energy.gov/buildings/appliance standards/product.aspx/productid/62
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5.3.2 Selection of Units

DOE carefully selected fixtures and ballasts for the teardown analysis to generate data
useful for estimating MPCs. DOE mapped out a matrix of equipment specifications and then
compared ballasts that differ by only one attribute. Ballasts are described by a long list of
specifications, so DOE concentrated on the specifications it expected to have the greatest effect
on efficiency. Specifications include high versus regular advertised efficiency, rated wattage,
input voltage, starting method, electronic configuration, and circuit type. For fixtures, DOE
consulted with manufacturers to learn which application types were typically used in particular
wattage ranges. In addition to strategically selecting ballast specification characteristics, DOE
also selected common ballast and fixture models from major manufacturers. This choice helped
DOE capture the most accurate incremental price difference by tearing down high volume,
mainstream equipment.

For electronic ballast teardowns, DOE was only able to select unpotted ballasts. Some
ballast manufacturers add potting (often an epoxy) to the ballast enclosure to improve
performance and durability. The potting is a better conductor of heat than air and helps the
electronic elements dissipate heat. Furthermore, the potting can provide mechanical stability that
mitigates vibration and seals out moisture. Because the potting completely engulfs the
electronics and is not easily removable, DOE was unable to reverse engineer potted ballasts
through a teardown analysis. As a result, DOE only conducted electronic ballast teardowns for
unpotted ballasts and ballasts removed from a manufacturing facility before the potting
procedure.

DOE selected eight metal halide lamp fixtures and 28 metal halide ballasts to tear down
for the engineering analysis. Table 5.3.1 lists the ballast types submitted for teardowns, and
Table 5.3.2 lists the fixture types selected for teardowns.



Table 5.3.1 Ballast Types for Teardowns

Item Type Wattage
1 Magnetic 70
2 Magnetic 70
3 Magnetic 70
4 Magnetic 70
5 Magnetic 70
6 Electronic 70
7 Electronic 70
8 Magnetic 150
9 Electronic 150
10 Magnetic 175
11 Magnetic 250
12 Magnetic 250
13 Magnetic 250
14 Magnetic 250
15 Magnetic 250
16 Electronic 250
17 Electronic 250
18 Magnetic 400
19 Magnetic 400
20 Electronic 400
21 Electronic 400
22 Electronic 400
23 Electronic 400
24 Magnetic 1000
25 Magnetic 1000
26 Magnetic 1000
27 Magnetic 1000
28 Magnetic 1000

Table 5.3.2 Fixture Types for Teardowns

Item Type Wattage
29 Canopy 70
30 Wall Pack 250
31 High-Bay Electronic 400
32 High-Bay Magnetic 400
33 Low-Bay Electronic 400
34 Low-Bay Magnetic 400
35 Parking / Area 400
36 Flood 400

5.3.3 Price Adders

DOE applied several price adders to the empty fixture and ballast MPCs based on
whether it is an indoor or outdoor fixture and if it uses an electronic or magnetic ballast. Because
of the vulnerability of electronic ballasts to high temperatures, DOE applied a 20 percent empty
fixture cost adder to all fixtures with electronic ballasts to account for thermal management
based on manufacturer input and teardown-sourced data. In aggregate, manufacturers indicated a
20 percent increase in fixture MPC is associated with thermal management. Additionally, DOE
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conducted teardown analyses of empty metal halide fixtures. Through analysis of pairs of
fixtures designed for electronic ballasts and fixtures designed for comparable magnetic ballasts,
DOE also found an approximately 20 percent increase in fixture MPCs to include thermal
management for electronic ballasts. Accordingly, in the price analysis for this rulemaking, all
metal halide lamp fixtures shipped with electronic ballasts are assessed a 20 percent adder to
empty fixture MPCs.

In order to be reliable in outdoor applications that are more prone to voltage surges,
outdoor fixtures with electronic ballasts were applied an empty fixture cost adder. Based on an
MSP of $30 determined from a review of selling prices from transient manufacturers, DOE
developed a cost adder of $18.99 ($30 selling price divided by the fixture manufacturer markup)
for 10 kilovolts (kV) inline surge protection for electronic ballasts, as most electronic ballasts do
not have this feature built in. As such, DOE applies this adder to the fixture MPC for fixtures that
include electronic ballasts in outdoor applications.

Lastly, DOE found that about 10 percent of indoor fixtures require 120 volt (V) auxiliary
power functionality to which a lamp can be attached for use when emergency lighting is needed
and the metal halide lamp needs to cool down before it can be restarted. Using a combination of
manufacturer information and market research, DOE determined that the cost of adding this
auxiliary tap to magnetic ballasts is so small that no incremental cost was applied to price
models. Through the same method, DOE concluded that a representative value for electronic
ballasts to incorporate this auxiliary tap is $7.50. Because these taps are only added to 10 percent
of ballasts in indoor fixtures, that number is multiplied by 0.10 to get a cost adder of $0.75 per
indoor ballast. These three cost adders are summarized in Table 5.3.3 below.

Table 5.3.3 Incremental Costs for Electronically Ballasted Fixtures

Indoor MPC Adder* Outdoor MPC Adder*

Thermal Management 20% fixture MPC increase 20% fixture MPC increase

Voltage Trgnsmnt -- $18.99 fixture MPC increase
Protection

120 V Auxiliary Power
Functionality

$0.75 ballast MPC increase -

5.3.4 Manufacturer Markup

More efficient equipment typically has higher production costs than baseline equipment.
To meet new or amended energy conservation standards, manufacturers often must introduce
design changes to their existing products or discontinue less efficient products, resulting in
standards-compliant equipment with higher MPCs. Depending on the competitive environment
for the particular equipment types, some or all of the increased production costs can be “passed
on” from manufacturers to customers in the form of higher purchase prices. As production costs
increase, manufacturers also typically incur additional overhead at the factory and corporate
levels. The MSP must cover both of these additional contributions to overhead if a company is to
maintain its current level of profitability.

As discussed previously, overhead costs within the DOE model are a function of
investments, material costs, labor costs, or total costs, depending on the overhead category.
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Together, materials, labor, and factory overhead compose the MPC. DOE applies another
multiplier to the MPC to account for corporate non-production costs and profit. This latter
multiplier, the manufacturer markup, is the focus of this section.

The manufacturer markup is an integral part of the overall markup from production costs
to installation costs. However, the manufacturer markup is different than the other markups in
the distribution chain (which includes wholesalers, distributors, retailers, contractors, etc.) that
convert MSP to customer price. The customer prices and installation costs are key inputs to the
LCC analysis, payback period (PBP) analysis, and national impact analysis (NIA). Through the
use of the manufacturer and distribution chain markups and installation costs, DOE can calculate
the first costs that customers would face under the various ELs. DOE evaluates the tradeoff
between the increase in first cost and the resulting energy cost savings at each EL in the LCC and
PBP analyses (NOPR TSD chapter 8) and NIA analysis (NOPR TSD chapter 10). In this section,
DOE presents its methodology for converting the MPCs to MSPs using the manufacturer
markup.

5.3.4.1 Manufacturer Selling Price

DOE calculated the MSP for metal halide lamp fixtures by multiplying the MPC by the
calculated manufacturer markup, which is explained in the following section. In general, the
manufacturer markup should ensure that the MSP of the equipment is high enough to recover the
full cost (i.e., production and non-production costs), and yield a satisfactory profit.

5.3.4.2 Manufacturer Financial Information Sources

Publicly owned companies are required by law to disclose financial information on a
regular basis by filing different forms with the SEC. The SEC form 10-K, filed by companies on
an annual basis, provides a comprehensive overview of the company’s business and financial
conditions. Relevant information in the 10-K reports includes the company’s revenues and direct
and indirect costs. To derive manufacturer markup, DOE used 10-K reports from publicly owned
ballast or fixture manufacturing companies and inputs from manufacturer interviews. The
financial figures necessary for calculating the manufacturer markup are net sales, costs of sales,
and gross profit. The income statement section of the 10-K reports often reports these figures.

DOE calculated the manufacturer markup for both ballasts and fixtures by using financial
figures from manufacturers’ SEC 10-K reports, such as the net sales (revenues) and cost of sales
to calculate gross profit and gross profit margins. DOE used averages of the financial figures
spanning 2002 to 2008 to calculate the manufacturer markup for ballasts and 2000 to 2009 for
the manufacturer markup for fixtures. DOE used the following equations to calculate the gross
profit and gross profit margins:

Equation 5.3-1
Gross Profit ($) = Net Sales — Cost of Sales



Equation 5.3-2
Gross Profit

Gross Profit Margin (%) = Net Sales

Table 5.3.4 contains the calculated gross profit margins for four sample ballast
manufacturers. Table 5.3.5 contains the calculated gross profit margins for six sample fixture
manufacturers.

Table 5.3.4 Gross Profit Margin for Four Metal Halide Ballast Manufacturers*

Industry- Manufacturer
Parameter Weighted
Average A B ¢ D
Net Sales Million $ 66,614 90,705 | 46,952 | 38,118 | 63,862
Cost of Sales Million $ 44,203 58,350 | 29,567 | 27,562 | 44,804
Gross Profit Million $ 22,411 32,355 | 17,385 | 10,556 | 19,057
Gross Profit Margin % 33.6 35.7 37.0 27.7 29.8
* Data taken from 2002, 2003, 2004, 2005, 2006, 2007, and 2008 SEC 10-K reports.

Table 5.3.5 Gross Profit Margin for Six Metal Halide Lamp Fixture Manufacturers*

Industry- Manufacturer
Parameter Weighted
Average A B C D E F
Net Sales Million $ 65,337 100,996 | 44,363 | 34,988 | 15,164 | 15,877 | 0,978
Cost of Sales Million $ 44,237 65,844 | 31,614 | 28,824 | 10,119 | 11,317 | 0,489
Gross Profit Million $ 20,757 35,152 | 12,749 | 6,164 5,045 4,560 0,489
Gross Profit Margin % 31.8 34.8 28.7 17.6 33.3 28.7 50.0
* Data taken from 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, and 2009 SEC 10-K reports.

To calculate the time-averaged gross profit margin for each firm, DOE first summed the
gross profit for all the years and then divided the result by the sum of the net sales for those
years. Each manufacturer’s markup was calculated as:

Equation 5.3-3
1 Net Sales

1 — Gross Profit Margin ~ Cost of Sales

Manufacturer Markup =

DOE also asked for manufacturers to comment on reasonable markup values in the
market today. Based on DOE’s calculations, the information provided in Table 5.3.4 and Table
5.3.5, actual MSPs, and manufacturer input, DOE decided to use a markup of 1.47 for ballast
manufacturers and a 1.58 markup for fixture manufacturers. In other words, on average, metal
halide ballast manufacturers sell their products to the next party in the distribution channel at 47
percent above the manufacturing production cost, and MHLF manufacturers sell their product at
58 percent above the MPC. DOE also assumed that fixture manufacturers apply the 1.58 markup
to the ballasts used in their fixtures rather than to only the empty fixture. The 1.47 markup for
ballast manufacturers applies only to ballasts sold to fixture original equipment manufacturers
(OEMs) directly impacted by this rulemaking. For the purposes of the LCC analysis, DOE
assumes a higher markup of 1.60 for ballasts that are sold to distributors for the replacement
market. DOE used these multipliers in the engineering analysis to determine the MSPs for each
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equipment class. DOE used a constant markup to reflect the MSPs of the baseline products as
well as more efficient products. DOE took this approach because amended standards may make
high-efficiency products, which currently are considered premium products, the baseline and
commodity products in the future.

5.4 REPRESENTATIVE EQUIPMENT CLASSES, WATTAGES, AND FIXTURES
5.4.1 Representative Equipment Classes

As discussed in the market and technology assessment (NOPR TSD chapter 3), DOE is
considering revising the Energy Policy and Conservation Act (EPCA) table of standards for
metal halide fixtures to contain 20 equipment classes. DOE did not choose to directly analyze the
equipment classes containing only fixtures tested at 480 V because their low shipment volume
would not make them representative of the MHLF market. Therefore, DOE scaled the non-480 VV
(typically quad-voltage 120 V, 208 V, 240 V, and 277 V) ballast equipment classes to the
ballasts tested at 480 V equipment classes. Further detail on scaling is discussed in section 5.15.
DOE selected all other equipment classes as representative, resulting in a total of ten
representative classes as listed in Table 5.4.1.
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Table 5.4.1 Representative Equipment Classes

Equipment Class Rated Lamp Wattage Indoor/Outdoor Input Voltage Type

1 >50 W and <100 W Indoor Tested at 480 V

2 >50 W and <100 W Indoor Al others
Representative

3 >50 W and <100 W Outdoor Tested at 480 V

4 >50 W and <100 W Outdoor Al others
Representative

5 >100 W and <150 W* Indoor Tested at 480 V

6 . >100 W and <150 W* Indoor All others
Representative

7 >100 W and <150 W* Outdoor Tested at 480 V

8 . >100 W and <150 W* Outdoor All others
Representative

9 >150 W and <250 W** Indoor Tested at 480 V

10 >150 W and <250 W** Indoor All others
Representative

11 >150 W and <250 W** Outdoor Tested at 480 V

12 >150 W and <250 W** Outdoor All others
Representative

13 >250 W and <500 W Indoor Tested at 480 V

14 250 W and <500 W Indoor All others
Representative

15 >250 W and <500 W Outdoor Tested at 480 V

16 250 W and <500 W Outdoor All others
Representative

17 >500 W and <2000 W Indoor Tested at 480 V

18 . >500 W and <2000 W Indoor All others
Representative

19 >500 W and <2000 W Outdoor Tested at 480 V

20 >500 W and <2000 W Outdoor All others

Representative
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*Includes 150 W fixtures exempted by EISA 2007, which are fixtures rated only for 150 watt lamps; rated for use
in wet locations, as specified by the National Electrical Code 2002, section 410.4(A); and containing a ballast that
is rated to operate at ambient air temperatures above 50°C, as specified by UL 1029-2001.

**Excludes 150 W fixtures exempted by EISA 2007, which are fixtures rated only for 150 watt lamps; rated for
use in wet locations, as specified by the National Electrical Code 2002, section 410.4(A); and containing a ballast
that is rated to operate at ambient air temperatures above 50°C, as specified by UL 1029-2001.

5.4.2 Representative Wattages

DOE selected one representative wattage for each representative equipment class. Based
on analysis of product availability in catalogs and manufacturer input, DOE identified the most
commonly sold wattage within an equipment class. For the >50 W and <100 W equipment class,
DOE analyzes 70 W fixtures as the representative wattage. For the >100 W and <150 W classes,
>150 W and <250 W classes, >250 W and <500 W classes, and >500 W and <2000 W classes,
DOE analyzes fixture ratings of 150 W, 250 W, 400 W, and 1000 W as the representative
wattages, respectively. These representative wattages are summarized with the equipment classes
in Table 5.4.2.

Table 5.4.2 Metal Halide Lamp Fixtures NOPR Representative Wattages

Equipment Class Rated Lamp Wattage Indoor/Outdoor | Representative Wattage
2 >50 W and <100 W Indoor 70w
4 >50 W and <100 W Outdoor 0w
6 >100 W and <150 W* Indoor 150 W
8 >100 W and <150 W* Outdoor 150 W
10 >150 W and <250 W** Indoor 250 W
12 >150 W and <250 W** Outdoor 250 W
14 >250 W and <500 W Indoor 400 W
16 >250 W and <500 W Outdoor 400 W
18 >500 W and <2000 W Indoor 1000 W
20 >500 W and <2000 W Outdoor 1000 W

*Includes 150 W fixtures exempted by EISA 2007, which are fixtures rated only for 150 watt lamps; rated for use in
wet locations, as specified by the National Electrical Code 2002, section 410.4(A); and containing a ballast that is
rated to operate at ambient air temperatures above 50°C, as specified by UL 1029-2001.

**Excludes 150 W fixtures exempted by EISA 2007, which are fixtures rated only for 150 watt lamps; rated for use
in wet locations, as specified by the National Electrical Code 2002, section 410.4(A); and containing a ballast that is
rated to operate at ambient air temperatures above 50°C, as specified by UL 1029-2001.
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5.4.3 Representative Fixtures

DOE also identified representative fixture types for each representative wattage. First,
DOE identified the applications commonly served by particular wattage ranges. Low-wattage
(less than 150 W) lamps are mainly used in commercial and some residential applications for
general lighting purposes. Medium-wattage (150-500 W) lamps are the most widely used and
include warehouse, street, and general commercial lighting. High-wattage (greater than 500 W)
lamps are mainly used in searchlights, stadiums, stage applications, and other applications that
require powerful white light. Then, DOE identified fixture types typically used in these
applications to assign representative fixture types.

Table 5.4.3 Equipment Classes and Representative Wattages & Fixtures

Equipment Class Rated Lamp Wattage Representative Wattage Representative Fixture Types
1 >50 W and <100 W 70W Canopy
2 >100 W and <150 W** 150 W Low-bay, Canopy, Wallpack*
3 >150 W and <250 W' 250 W Low-bay, Canopy, Wallpack
4 >250 W and <500 W 400 W Flood, High-bay, Area
5 >500 W and <2000 W 1000 W Flood, Area

* 150 W representative fixtures are a combination of the fixtures identified for the 70 and 250 W categories.

** Includes 150 W fixtures exempted by EISA 2007, which are fixtures rated only for 150 watt lamps; rated for
use in wet locations, as specified by the National Electrical Code 2002, section 410.4(A); and containing a ballast
that is rated to operate at ambient air temperatures above 50°C, as specified by UL 1029-2001.

+ Excludes 150 W fixtures exempted by EISA 2007, which are fixtures rated only for 150 watt lamps; rated for use
in wet locations, as specified by the National Electrical Code 2002, section 410.4(A); and containing a ballast that
is rated to operate at ambient air temperatures above 50°C, as specified by UL 1029-2001.

Next, DOE considered whether the fixture cost changes with efficiency and, in particular,
with a transition from magnetic to electronic technology. If fixture cost changed with efficiency,
DOE would need to assign different fixture costs to different ELs. If fixture cost did not change
with efficiency, fixture cost could be the same for all ELs. When determining whether a fixture
must be altered to accommodate a given ballast, DOE considered two issues. Most important is
whether the ballast will physically fit within the space allotted to it. For all ELs analyzed, DOE
found that each fixture type was capable of physically containing the ballast with minimal
modification. The second consideration is, particularly in the case of electronic ballasts, whether
the fixture must be altered to accommodate an electronic ballast instead of a magnetic ballast to
ensure the required reliability and functionality in all applications. In total, DOE found three
changes required for a fixture to accommodate an electronic ballast rather than a magnetic
ballast.

The first requirement is that electronic ballasts are able to withstand a voltage transient of
up to 10 kV. This is based on American National Standards Institute (ANSI) standard C62.41.1-
2002 for area and roadway lighting in the utility division and ANSI C82.14-2006 for low-
frequency square wave electronic ballasts. ANSI C62.41.1-2002 serves as the guideline to
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manufacturers for the classification of surge protection definitions and equipment. ANSI C82.14-
2006 specifies the requirement of ballasts in roadway applications to be designed with a transient
insulation level of 10 kV when the maximum rated supply voltage exceeds 600 V. An inline
surge protection device external to the ballast, also called a metal oxide varistor (MOV) is
required for electronic ballasts in outdoor luminaires. The MOV is used to clamp off the circuit if
the energy surge exceeds 10 kV. This technology is also discussed in chapter 3 of this NOPR
TSD. A portion of commercially available electronic ballasts have 10 kV surge protection built
in, but most electronic ballasts are rated for 6 kV voltage spikes. Thus, DOE applied incremental
costs for transient protection in outdoor locations, further discussed in section 5.3.

The second requirement relates to thermal management. Generally, electronic ballasts are
more vulnerable than magnetic ballasts to high ambient temperatures. In order to correct for this
difference, fixtures housing electronic ballasts would need to be redesigned to account for
thermal management in both indoor and outdoor applications. Magnetic ballasts can operate at
temperatures as high as 150°C, while electronic ballasts generally cannot operate at temperatures
exceeding 90°C. This temperature limit makes it impossible to place electronic ballasts in a
luminaire in the traditional location near the lamp. Furthermore, electronic ballasts are more
efficient than magnetic ballasts, and therefore generate less heat and run at cooler temperatures.
Additionally, these ballasts also use a power foldback feature to manage the temperature of the
ballast and prevent damage to the ballast in extreme high heat conditions. The sensitivity of
electronics to thermal conditions can involve the redesign of the fixture or ballast such as larger
ballast housing, additional potting material to create adequate thermal contact between the ballast
and fixture, thermal shields, or luminaire venting to sink the heat outside of the fixture. Thus,
DOE applied incremental costs for electronic ballast thermal management is discussed in section
5.3.

The third requirement is for ballasts to include 120 V auxiliary power functionality. This
input is typically used for an emergency incandescent lamp that operates only after a temporary
loss of power while the metal halide lamp is still too hot to restart. These taps are primarily used
in indoor applications and because this auxiliary tap is primarily required for emergency lighting
purposes, they are only needed in about one out of every ten indoor lamp fixtures. A 120 V tap is
easily incorporated in to a magnetic ballast due to its traditional core and coil design, and incurs
a negligible cost increment. Electronic ballasts, though, require modification to add this 120 V
auxiliary power functionality. Incremental costs for this 120 V tap is discussed section 5.3.

In summary, DOE applied empty fixture incremental costs due to the three requirements
discussed above. The empty fixture MPC for a representative wattage was calculated as the
average teardown cost of each of the fixture types identified as representative. This resulted in a
“composite” fixture price representative of all the fixture types commonly used at a particular
representative wattage. Therefore, changes in the total fixture MSP are based on changes in
ballast cost and the incremental costs due to switching from magnetic to electronic ballasts. In
the sections that follow, DOE describes its analysis of the representative wattage assigned to
each equipment class.
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5.5 EFFICIENCY LEVELS
5.5.1 General Methodology

When developing equations for efficiency in each wattage range, DOE used its own
efficiency test data and catalog efficiency data to look at the trends of efficiencies currently on
the market. DOE considered power-law, exponential, and linear best-fit regressions and found
that using power-law fit equations resulted in the lowest coefficient of determination (R?) in
matching the efficiency data when compared to other equation types. Once power-law fits were
decided upon, DOE considered three approaches for deriving equation-based ELs: (1) applying
one power-law fit across all wattages; (2) using a power-law fit for some wattage ranges, and
adjusting the coefficients of the equation to the representative units in each wattage range; and
(3) using a power-law fit for some wattage ranges, and adjusting the exponents and the
coefficients to best fit the test and catalog data to allow the majority of ballasts with a particular
technology option to meet the EL. DOE tested many different types of metal halide ballasts from
various manufacturers which included extensive testing of the representative wattages. DOE
tested 57* models of ballasts included in the representative wattages and six non-representative
wattage models.

By focusing on specific wattage bins (equipment classes) in options two and three, DOE
can focus on the characteristics within a specific wattage bin individually rather than classifying
all of the wattage bins together. DOE performed a best-fit regression on the test and catalog data
of various manufacturers to determine the most appropriate type of fit for the data. For all of the
electronic ballasts and the low-wattage magnetic ballasts, DOE determined that the power-law
function best characterized the test and catalog data points (better than exponential and
logarithmic fits). However, due to the Energy Independence and Security Act of 2007 (EISA
2007) efficiency standard of 88 percent that applies to 150 to 500 W ballasts, DOE could not
maintain a consistent power-law function across all wattage bins. DOE discusses the equations
and fits within each wattage bin for both magnetic and electronic ballasts below. The ELs apply
to both indoor and outdoor applications.

For option one, power-law fitting across all the wattages, DOE examined the test and
catalog data, and determined the best power-law fit that would meet the ELs for the electronic
ballasts. For the magnetic ballast ELs, DOE performed a power-law fit across all wattages, but
determined it did not closely match all the representative units. The available ballasts in the 150
to 500 W range did not follow the same trend as other wattages because the EISA 2007 standards
had already required an increase in efficiency. from 50 W to 150 W, then applied the EISA 2007
88 percent efficiency requirement to wattages from 150 W to 200 W. Above 200 W, DOE used a
linear fit between 200 W and 250 W using the 250 W representative unit. Between 250 and 500
W, DOE maintained a flat efficiency requirement for the two magnetic ballast ELs to ensure that
both representative units would meet the ELs. Above 500 W through 2000 W, DOE performed a
linear fit from above 500 W to 1000 W ballasts, then a flat efficiency trend above 1000 W in
order to best fit the data.

* Some ballasts in the representative wattages were tested with less than four, but at least three samples. This was
because certain models were placed on backorder due to limited supply/production.
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For option two, DOE used a power-law fit for some wattage ranges, and adjusted the
coefficients of the equation to the ELs in each wattage range. DOE calculated the best-fit
exponent for the EL equations by determining the power-law fit for each manufacturer’s product
lines then averaging the exponents. This approach was used for the magnetic ballast ELs from 50
W to 100 W and 100 W to 150 W equipment classes. For 50 W to 150 W, DOE applied the
EISA 2007 88 percent efficiency requirement to wattages from 150 W to 200 W. Above 200 W,
DOE used a linear fit between 200 W and 250 W using the 250 W representative unit. Between
250 W and 500 W, DOE maintained a flat efficiency requirement for the two magnetic ballast
ELs to ensure that both representative units would meet the ELs. Above 500 W through 2000 W,
DOE performed a linear fit from above 500 W to 1000 W ballasts, then a flat efficiency trend
above 1000 W in order to best fit the data. For electronic ballasts, DOE performed the same type
of power-law fit across the manufacturers’ product lines with averaged exponents and varying
the coefficients to match the representative units at the appropriate equipment classes.

For option three, DOE used a power-law fit for some wattage ranges, and adjusted the
coefficients and exponents of the equation for each EL in each wattage range in order to best fit
the test and catalog data. This was done for the magnetic ballast ELs from 50 W to 150 W, after
which DOE used the same type of fits as previously described in option two for wattages >150
W. For electronic ballasts, DOE performed the same type of power-law fit across the test and
catalog data with varied exponents and coefficients to match the representative units at the
appropriate equipment classes. DOE used option three in the NOPR to set the ELs further
described below.

For the lowest wattage bin, which consists of 50 W through 100 W ballasts, DOE used
the power-law best-fit exponent for the magnetic ballasts as the first EL, and then changed the
coefficient so that it would fit the next representative unit. DOE performed the same analysis for
the electronic ballast ELs as well to determine the next two ELs. DOE used the 70 W ballast as
the representative unit for the wattage bin. DOE found from manufacturer input and testing of
commercially available ballasts that there was relatively little efficiency variation at 70 W. DOE
tore down commercially available 70 W ballasts and used ballast modeling (discussed in section
5.9) to obtain cost-efficiency data at higher efficiencies that are not currently available in the
market.

For the wattage bin that consists of ballasts greater than 100 W, less than 150 W, and
including the 150 W ballasts exempted from EISA 2007, DOE used the same power-law
exponents and coefficients from the previous wattage bin to continue the power-law function
from the previous wattage bin into this wattage bin for both the magnetic and electronic ballast
ELs. For both magnetic and electronic ballast ELs, DOE used the 150 W as the representative
wattage for this equipment class.

The next wattage bin consists of ballasts 150 W, excluding the 150 W ballasts exempted
from EISA 2007, up through and including 250 W ballasts. Because EISA 2007 covered
products in this wattage bin, DOE can only evaluate efficiencies equivalent or above the existing
standards to avoid backsliding. Manufacturers stated during interviews that 150 W magnetic
ballasts could not be designed to meet 88 percent and that 175 W ballasts only reached 88
percent by using the high grade core steel and increasing the ballast’s footprint. DOE’s test data
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also indicated there are no 150 or 175 W magnetic ballasts available that exceed 88 percent
efficiency. DOE did not test any 200 W ballasts. However, a review of catalog data indicates 200
W magnetic ballasts are only available at 88 percent efficiency. Because DOE has no specific
information indicating these ballasts can be designed to be more efficient, DOE assumed that 88
percent is also the max tech efficiency for 200 W magnetic ballasts. Thus, DOE maintained the
EISA 2007 efficiency requirement of 88 percent for ELs designed to represent levels met by
magnetic ballasts. DOE does not have any information about the achievable efficiencies for
ballasts greater than 200 W and less than 250 W as products in this range are not currently
commercially available. Therefore, DOE gradually increased the magnetic ELs (EL1 and EL2)
between 200 W and 250 W using a linear trend from 88 percent to the efficiency of the EL1 and
EL2 250 W representative units. For the electronic ballast ELs (EL3 and EL4), DOE continued
the power-law trend from the 50 to 150 W wattage range up to 250 W. DOE used 250 W as the
representative wattage for this equipment class.

The next wattage bin consists of ballasts higher than 250 W up through and including 500
W. At the 250 W and 400 W representative wattages, DOE learned from the manufacturers that
consumers tend to purchase ballasts that just meet EISA standards. As a result, manufacturers
often do not offer magnetic ballast above the baseline level, though DOE found several
commercially available ballasts that were advertised as energy efficient above EISA standards.
DOE tore down the ballasts with these higher efficiencies when available, but found that there
were still gaps in the incremental efficiencies DOE was considering. For these data points,
manufacturers provided input to DOE during interviews on specific changes required with the
electrical steel to improve efficiencies of the baseline magnetic ballasts. For the magnetic ballasts
in these equipment classes, DOE tore down baseline efficiency units and then changed the
electrical steel input to the cost model for more efficient magnetic ballasts using the
manufacturer input. DOE refers to these magnetic units as “modeled” teardowns when it
discusses them in section 5.9. Because the 250 W and 400 W representative units have the same
efficiency as well as similar design options, DOE created a flat efficiency requirement for
magnetic ballasts within this wattage bin. For the electronic ballast ELs (EL3 and EL4), DOE
continued the power-law function fit from the 250 to 500 W wattage range up through 500 W.
DOE used 400 W as the representative wattage for this equipment class.

The highest wattage bin consists of ballasts higher than 500 W up through and including
2000 W. DOE examined catalog data, market availability, and received manufacturer feedback
that there are no electronic ballasts currently commercially available above 500 W. Thus, there
are only two ELSs at the highest wattage range rather than four. DOE used a linear fit for ballasts
above 500 W through 1000 W after examining the efficiency trends within manufacturers’
product lines in this wattage bin. DOE fit the linear trend from the previous wattage bin’s 500 W
efficiencies at ELs 1 and 2 through the representative units at 1000 W. However, due to the lack
of test data and limited wattage offerings for ballasts over 1000 W, DOE could not develop a
conclusive trend between wattage and efficiency. Thus, DOE created a flat efficiency
requirement extending from the tested efficiency of the 1000 W representative unit to 2000 W.
For all of the ELs in the greater than 500 W to 2000 W wattage bin, DOE used the 1000 W
ballast as the representative units for the wattage bin. DOE received manufacturer feedback for
what changes would be required to reach specific efficiencies at 1000 W.
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DOE then generated curves that corresponded to these divisions. DOE presents all of the
sets of equations in sections 5.10 through 5.14. The energy conservation standard proposal uses
these EL equations.

5.5.2 Maximum Technologically Feasible Efficiency Levels

The most stringent EL in each equipment class represents the maximum technologically
feasible level of efficiency identified by DOE. All max tech ELs were developed based on
commercially available ballasts.

5.6 TESTING
5.6.1 Current Test Procedure

The current test procedures for metal halide ballasts and fixtures are outlined in 10 CFR
Part 431. The test conditions for the power supply, ballast, lamp, and test instrumentation is
specified in section 4.0 of ANSI C82.6. Testing requires the use of a reference lamp, which is to
be driven by the ballast under test conditions until the ballast reaches operational stability.
Ballast efficiency for the fixture is then calculated as the measured ballast output power divided
by the ballast input power. In the NOPR, DOE proposes changes to the input voltage for testing,
high-frequency electronic (HFE) ballast testing, and rounding requirements. DOE followed these
proposed changes (discussed below in sections 5.6.2 and 5.6.3) during the testing carried out for
this rulemaking.

5.6.2 Test Input Voltage

Metal halide ballasts can be operated at a variety of voltages, with different voltages
chosen based on the application and use of the fixture. The most common voltages are 120 V,
208V, 240 V, 277 V, and 480 V. Ballasts will also commonly be rated for more than one, such
as dual-input-voltage ballasts that can be operated on 120 V or 277 V, or quad-input-voltage
ballasts that can be operated on 120 V, 208 V, 240 V, or 277 V. DOE observed changes in
efficiency (on the level of several percent) were possible in individual ballasts based on DOE’s
own testing of multiple-input-voltage ballasts.

The existing test procedure does not specify the voltage at which a ballast is to be tested.
To ensure consistency among testing and reported efficiencies, the input voltage should be
specified in the test procedure. To set an energy conservation standard based on test data, DOE
needed to determine which input voltage to use for its data. In addition, manufacturers would
need to test their products at the same input voltage as DOE used when developing energy
conservation standards for the regulations to have the intended impact. Because the majority of
ballasts sold are capable of operating at multiple input voltages, DOE proposed standardizing
this aspect of testing.

In manufacturer interviews, DOE received feedback on usage of different input voltages.
DOE learned that 208 V is the least used and least optimized voltage. DOE also received
feedback that efficiencies at 277 V and 240 V are similar. In general, DOE determined that
fixtures with wattages less than 150 W were most often at 120 V. Wattages including and above
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150 W were most commonly at 277 V. Thus, the NOPR proposes that testing of metal halide
ballasts use the following input voltages:

e For ballasts less than 150 W that have 120 V as an available input voltage, ballasts
are to be tested at 120 V.

e For ballasts less than 150 W that lack 120 V as an available voltage, ballasts should
be tested at the highest available input voltage.

e For ballasts operated at greater than or equal to 150 W and less than or equal to 2000
W that also have 277 V as an available input voltage, ballasts are to be tested at 277
V.

e For ballasts greater than or equal to 150 W and less than or equal to 2000 W that lack
277V as an available input voltage, ballasts should be tested at the highest available
input voltage.

5.6.3 Testing Electronic Ballasts

Because HFE ballast testing is not adequately specified, DOE is proposing to amend the
MHLF test procedure to specify the equipment required for testing HFE ballasts. DOE found that
the equipment commonly used for high-frequency metal halide ballast testing is the same
equipment used for fluorescent ballast testing. DOE proposed that equipment at least as accurate
as required by ANSI C82.6 be used to assess the output frequency of the ballast. Once the output
frequency is determined to be greater than or equal to 1000 hertz (Hz), (the frequency at which
DOE proposes to define HFE ballasts), the test procedure equipment would be required to
include a power analyzer that conforms to ANSI C82.6 with a maximum of 100 picofarads (pF)
capacitance to ground and frequency response between 40 Hz and one megahertz (MHz). The
test procedure would also require a current probe compliant with ANSI C82.6 that is galvanically
isolated and has a frequency response between 40 Hz and 20 MHz, and lamp current
measurement where the full transducer ratio is set in the power analyzer to match the current to
the analyzer. The full transducer ratio would be required to satisfy:

Iin X Rin
Vout Rin + Rs

Where:
lin IS current through the current transducer;
Vout is the voltage out of the transducer;
Rin is the power analyzer impedance; and
Rs is the current probe output impedance.

5.7 DESIGN STANDARD

EISA 2007 gave DOE the authority to set design, in addition to performance, standards
for metal halide lamp fixtures. In so doing, DOE may specify or prohibit certain features or
qualities, which can be useful when more energy savings can be realized than with a
performance standard alone. Ballasts commonly use two different starting methods, probe-start
and pulse-start, which can affect efficacy, color rendition, re-strike time, and lumen depreciation.
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As discussed in Chapter 3 of the NOPR TSD, pulse-start lamps have two electrodes that
are used to both start and operate the lamp. The ballast alone is unable to supply a breakdown
voltage and requires a separate component called an igniter to provide the arc-establishing
voltage pulse. The igniter also allows an extinguished lamp to be re-ignited well before the gas
has cooled to temperatures at which a probe-start ballast could re-strike the arc.

Probe-start lamps overcome the cold gas’ breakdown voltage through use of a third,
starting electrode. The starting electrode is longer and allows an arc to be struck with a lower
voltage. As the lamp runs and heats, a bimetal switch disconnects the starting electrode, and the
primary, running electrode takes over. With the starting electrode, however, probe-start lamps
cannot be pressurized to the more efficient levels that pulse-start lamps are. EISA 2007 required
probe-start ballasts to be 94 percent efficient, effectively relegating them to uncovered wattage
ranges.

In researching current market availability, DOE found commercially available probe-
start ballasts below 500 W, specifically in the 175 W to 400 W range. DOE found that there are
no 70 W probe-start ballasts currently available on the market and is not using any 70 W probe-
start ballasts as a representative wattage. DOE also found that probe-start ballasts are
technologically feasible starting at 150 W and above. As mentioned before, EISA 2007 allowed
probe-start ballasts in the 150 W to 500 W range, but set a minimum efficiency standard of 94
percent. None of the probe-start ballasts DOE identified have an efficiency that meets this
minimum, effectively prohibiting probe-start ballasts below 500 W. However, because certain
fixtures designed for use with lamps rated at 150 W are exempted from EISA 2007 standards,
probe-start ballasts are permitted to be used at 150 W in new fixtures. However, DOE’s review
of manufacturer catalogs indicates probe-start ballasts are not sold at 150 W. Therefore, the only
wattage range in which probe-start ballasts are available for use in new fixtures is the greater
than 500 W to 2000 W wattage range. Therefore, DOE is analyzing the impact of a design
standard that would prohibit probe-start ballasts from being sold in new fixtures in the greater
than 500 W to 2000 W equipment class.

A major motivation for prohibiting probe-start ballasts is not based on an efficiency
difference between the ballasts, but the decreased mean efficacy of probe-start lamps when
compared to pulse-start lamps. As previously mentioned, DOE is considering a design standard
that would prohibit the use of probe-start systems and analyzed technologically feasible
efficiency standards and energy savings, as well as the market impact, of such a design standard.
DOE also notes that it does not plan on having a single efficiency standard for the sub-500 W
ranges and is analyzing the best formulas to use in an equation-based efficiency standard.

Probe-start lamps tend to exhibit poorer lumen maintenance than their pulse-start
counterparts. Because acceptable lighting levels must be maintained over the life of the lamp,
this implies that a space lit with probe-start fixtures needs either more or higher wattage fixtures
than if than same space were lit with pulse-start fixtures. Many manufacturers market pulse-start
fixtures as lower-wattage replacements for probe-start, especially at low and mid wattages. 1000
W probe-start ballasts, for instance, could be replaced with a lower wattage pulse-start ballast.
Alternatively, a consumer could opt to save energy by replacing a certain number of 1000 W
probe-start fixtures with fewer pulse-start fixtures of the same wattage.
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To quantify the difference in mean lumen output of probe-start lamps relative to pulse-
start lamps of the same wattage, DOE compared several major manufacturers’ 1000 W lamp
catalog data for these two lamp start types. DOE paired these lamps from the same manufacturer
and of the same characteristics (open-rated vs. enclosed-rated, color rendering index, percentage
of rated life at which the mean lumen value is recorded) and calculated the ratio of probe-start
mean lumens divided by pulse-start mean lumens. Then, DOE averaged the ratio of each pairing
from every manufacturer and determined that, on average, probe-start metal halide lamps are 5.6
percent less efficacious than comparable pulse-start lamps. Thus, pulse-start metal halide lamp
and ballast fixtures can output 5.6 percent more lumens per watt (Im/W) than probe-start fixtures.
Energy savings could be achieved in two ways. Because each pulse-start lamp fixture outputs 5.6
percent more lumens (for a given wattage) than comparable probe-start lamp fixtures, customers
could:

1. Hluminate an area to the same level with 5.6 percent fewer fixtures if they switch
from probe-start to pulse-start; or

2. Switch from full wattage probe-start lamp fixtures to the same number reduced
wattage pulse-start lamp fixtures, maintaining light output, but reducing energy
consumption.

Using fewer fixtures (option one) would lead to reduced energy consumption and could
save administrative and maintenance costs associated with purchasing and maintaining fewer
fixtures. However, this response to the design standard is only feasible in applications that have
flexibility in fixture spacing. In some applications, such as in small parking lots, changing
spacing means moving poles and conductors, which would be expensive and could change the
targeting of light in certain areas. For applications in which the height of the fixture is limited,
the additional light output of a full wattage pulse-start system might not be adequately distributed
over a larger floor space (larger floor space because the number of fixtures has been reduced)
without fixture redesign.

For customers using reduced wattage pulse-start fixtures (option two), a customer could,
for example, change a 1000 W probe-start fixture for an 875 W pulse-start fixture, maintaining
light output to near the original level. DOE’s view is that replacing probe-start lamp fixtures with
reduced wattage pulse-start lamp fixtures is generally more realistic and practical than replacing
them with fewer pulse-start lamp fixtures because fixture spacing does not need to be changed.
For this reason, DOE assumed reduced wattage replacements in its analysis of a proposed design
standard to prohibit metal halide lamp fixtures that use probe-start as their starting method.

When analyzing the energy savings impact of a design standard EL, DOE multiplied the
normalized input power of the 1000 W ballast tested by 0.944. Because DOE determined that
using the same number of reduced wattage fixtures is the most likely market response to a design
standard, DOE did not also scale the cost of a design standard EL by 0.944. Instead, DOE
assumed reduced wattage systems would cost approximately the same amount as a full wattage
system with the exception of the addition of an igniter (device that provides a voltage pulse to
start the lamp). In the non-design standard scenario, DOE assumed the representative cost of a
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1000 W ballast would equal the cost of a probe-start ballast, as this starting method is the most
common in the greater than 500 W but less than or equal to 2000 W equipment classes.
However, in the design standard scenario, an igniter would need to be added as only pulse-start
ballast could be included in new fixtures.

5.8 CALCULATION OF EFFICIENCY AND INPUT POWER

All ballast efficiency values were calculated according to the metal halide ballast test
procedure (10 CFR 431.324), with the revisions discussed in section 5.6, using tested input power
and tested output power, while all input power values were normalized by dividing rated lamp
wattage by efficiency, instead of using tested input wattage values directly. Although the input power
derived this way can differ from a particular test value, DOE believes that ballasts are generally
designed to operate lamps at their rated wattages. DOE reviewed its test data and found no evidence
of a trend or correlation between efficiency and the ratio of rated lamp power to tested ballast output
power. So as to avoid confusion with tested input power, DOE is using the term “normalized
input power” hereafter when referring to the quantity rated lamp power divided by tested ballast
efficiency. DOE sought to present an input power representative of the EL and not an artifact of
the particular model chosen. If it finds operating a lamp at wattages greater or less than its rating
affects either ballast efficiency or lamp efficacy, DOE will consider amending this approach.

DOE accounted for the increase in wattage for magnetic ballasts by using a multiplier
when calculating magnetic efficiencies. DOE assumed that magnetic ballasts’ wattage increase
occurs in a linear fashion over the life of the ballast, such that the input power at the end of rated
life was 11 percent higher than at the beginning of life. With this assumption, the ballast would
average a 5.5 percent increase in output wattage (relative to the tested value at the beginning of
life) over its lifetime. Therefore, DOE multiplied the rated lamp wattage by 1.055 when
calculating the input power normalized to rated lamp power for all magnetic ballasts, but not for
electronic ballasts.

Pursuant to the metal halide ballast certification, compliance, and enforcement
procedures (10 CFR 429.54), DOE used the representative value of estimated energy efficiency.
This is calculated as the lower of:

1) The mean of the sample, calculated as
n

1
X = _in
n.

=1
where X is the sample mean; n is the number of samples, and x; is the i sample; or

2) The lower 99-percent confidence limit (LCL) of the true mean divided by 0.99,
calculated as:

s
where X is the sample mean; s is the sample standard deviation; n is the number of
samples; and ty g9 is the t statistic for a 99 percent two-tailed confidence interval with
n-1 degrees of freedom.
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Any represented value of estimated energy efficiency given by a manufacturer is required
to be less than or equal to either the mean or the lower 99-percent confidence limit, so DOE
calculated this value in its testing and these are the ballast efficiency values used for all
subsequent analysis.

5.9 MODELED FIXTURES AND BALLASTS

For some representative equipment classes, neither commercially available ballasts nor
manufacturer input was available at a particular level of efficiency. In these cases, DOE modified
the physical characteristics of tested and torn down ballasts, such as type of core steel and
winding type, and calculated the resulting efficiency and MPC. For example, DOE upgraded the
core steel used in the baseline 150 W ballast to model the cost and efficiency of the EL1 and EL2
designs. DOE also used this modeling method to verify the efficiency of manufacturer-provided
ballast model specifications. Using the provided information core mass, core material, winding
gauge, winding mass, and winding material, DOE used the modeled ballast calculation method to
verify the efficiency provided by the manufacturer.

To estimate the efficiency of a modeled ballast, DOE began with the magnetic core. DOE
started with the core mass of a ballast it tore down. Keeping the footprint and stack height
constant, DOE calculated the modeled ballast’s core’s mass using a ratio of the density of the
original core material and the material of the modeled ballast. Because the density of the
different grades of core steel was very similar, the mass of the modeled core was nearly the same
as the original core. Next, DOE compiled watts loss per pound of core steel constants, shown
below in Table 5.9.1. These values were found on the Lamination Specialties Corporation (LSI)
Steel Processing Division website, http://www.lsisteel.com/max.html. These values were used to
estimate core losses based on the calculated mass of the modeled core.

5-23


http://www.lsisteel.com/max.html

Table 5.9.1 Core Steel Constants Used for Magnetic Modeling

Steel Type Core Loss (Watts/Ib)

M3 0.45
M4 0.51
M6 0.66
M9 1.43*
M12 1.56*
M15 1.60
M18 1.83*
M19 2.00
M22 2.10
M27 2.25
M36 2.35
M43 2.50
M45 2.75
M47 3.20
M50 2.84
M55 3.50
* denotes a value that was not available on the
LSI website, and was instead extrapolated
using an exponential relationship with other
steel type prices.

In addition to losses associated with the magnetic core, DOE also estimated the resistive
losses associated with the transformer windings. DOE began by compiling data on the resistive
losses associated with the different gauges of copper and aluminum wire used for the windings,
summarized in Table 5.9.2. Values for copper wire resistivity were taken from the website for
PowerStream, at http://www.powerstream.com/Wire_Size.htm. Values for aluminum wire
resistivity were taken from the website for Interface Bus, at
http://www.interfacebus.com/Aluminum_Wire  AWG_Size.html. DOE assumed the current in
the primary side of the transformer was approximately the input current to the ballast. For the
current in the secondary side of the transformer, DOE made an estimate based on specifications
provided in ballast datasheets. Then, assuming the same overall length of windings as the
original ballast, DOE calculated the overall resistance of the wire by multiplying the overall
length by the resistivity. Finally, DOE calculated the resistive losses in the windings as the
square of current multiplied by the overall resistance of the wire.
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Table 5.9.2 Resistivity of Wire Grades Used for Magnetic Modeling

Wire Material Wire Gauge Resistivity (ohm/feet)
Aluminum 19.5 0.01320*

Aluminum 17 0.00831

Copper 16 0.00402

Copper 16.5 0.00454*

Copper 18 0.00639

Copper 19 0.00805

Copper 20 0.01015

Copper 21.5 0.01280*

Copper 23 0.02036

Copper 24 0.02567

* denotes a value that was not available on the website, and was instead
extrapolated using linear relationship with other resistivity values.

After calculating core and winding losses, DOE then calculated the expected efficiency.
Efficiency was calculated as the ratio of the quantity input power minus core and winding losses
divided by input power.

510 70 WATT METAL HALIDE LAMP FIXTURES

In this section, DOE analyzes 70 W fixtures as the representative wattage for the > 50 W
and < 100 W equipment class. Whether a fixture is indoor or outdoor can affect the design and
price of the fixture and ballast, but not the ballast efficiency. Therefore, all discussion of
efficiency and ELs in this chapter applies to both the indoor and outdoor equipment classes.

5.10.1 Baseline Models

DOE selected baseline models as reference points for each equipment class, against
which DOE measured changes resulting from potential amended energy conservation standards.
As discussed in section 5.2, a baseline model just meets current Federal energy conservation
standards (if any exist) and provides basic consumer utility. To determine energy savings and
changes in price, DOE compared each higher energy EL with the baseline unit.

DOE chose to analyze two baseline ballasts for the 70 W representative wattage. DOE
selected a baseline magnetic ballast, as this would represent the least efficient commercially
available ballast. DOE also selected a baseline electronic ballast because electronic ballasts
compose a significant portion (estimated at nearly 25 percent) of this equipment class’s market.

Because EISA 2007 did not regulate 70 W units, the least efficient ballasts (which are
magnetic ballasts) have efficiencies near 70 percent, which is characteristic of equipment
purchased based on first cost. DOE considered the ballast’s characteristics in choosing the most
appropriate equipment, including starting method, input voltage, and electronic configuration. In
considering these characteristics, DOE sought to choose a baseline ballast that exhibits
characteristics of a common, less efficient ballast. Magnetic 70 W ballasts typically use the high
reactance autotransformer (HX-HPF) circuit type, but constant wattage autotransformer (CWA)
ballasts are also common. The baseline magnetic unit selected by DOE is a magnetic CWA
ballast that operates at 120, 208, 240, and 277 V and has an efficiency of 72.0 percent. Electronic
70 W ballasts typically use low frequency electronic (LFE) circuit type. The baseline electronic
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unit selected by DOE is an electronic LFE ballast that operates at quad-voltage and has an

efficiency of 88.0 percent.

Table 5.10.1 Baseline Models for the 70 W Representative Wattage

Normalized Ballast Current
Type Starting Method Input Power Efficienc Federal
w y Standard
Magnetic Pulse 102.6 72.0% (none)
Electronic Pulse 79.5 88.0% (none)

5.10.2 Efficiency Levels

For the 70 W representative wattage, DOE surveyed and tested many manufacturer
product offerings for ballast efficiency to identify the efficiency levels corresponding to the
highest number of models. DOE identified the most prevalent ballast efficiency values in the
range of available equipment and established ELs based on that equipment. DOE determined the
max tech design option to attain the highest ballast efficiency for metal halide lamp fixtures, as
required by section 325(0) of EPCA. (42 U.S.C. 6295(0)) To determine this level, DOE
conducted a survey of the MHLF market and the research fields that support the market. DOE
believes that, within a given equipment class, no working prototypes exist that have a
distinguishably higher ballast efficiency than currently available equipment. Therefore the
highest EL presented, which represents the most efficient tier of commercially available
equipment, is the max tech level that DOE determined for this rulemaking.

The following section identifies the steps and technologies associated with each EL DOE
considered for the 70 W representative wattage. As discussed in the screening analysis (chapter 4
of the NOPR TSD), DOE used design options that achieve a higher ballast efficiency than the
baseline model. Efficiency improvements to the magnetic baseline unit required a higher grade
of steel and an eventual move to electronic circuitry.

EL1.5 Efficiency (%): 100/(1+3.90*P"(-0.60))

This level corresponds to a magnetic ballast with higher grade steel than that of the
baseline unit.

EL2. Efficiency (%): 100/(1+2.50*P~(-0.55))

This level requires the use of even better grade of steel, which might have thinner
laminations. The stack height is maintained, and so is the ballast footprint. A decrease in steel
thickness due to the steel grade and no change in the stack height equates to additional
laminations and thus an improvement in efficiency. Conductor may be added to reach this
efficiency, and it is almost certainly copper.

EL3. Efficiency (%): 100/(1+0.60*P"(-0.34))

This level corresponds to a move from magnetic to electronic circuitry.

® P is defined as the rated wattage of the lamp the fixture is designed to operate
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EL4. Efficiency: 100/(1+0.36*P~(-0.30))

This level corresponds to an improved electronic design with more efficient components.
It represents the maximum technologically feasible EL.

Table 5.10.2 Summary of the ELs for the 70 W Equipment Class

Efficiency Level Ballast EffICIeI’:)Zy Requirement
EL1 100/(1+3.90*P~(-0.60))*
EL2 100/(1+2.50*P~(-0.55))
EL3 100/(1+0.60*P~(-0.34))
EL4 100/(1+0.36*P~(-0.30))

*P is defined as the rated wattage of the lamp the fixture is designed to operate

Figure 5.10.1 illustrates four ELs on a plot of the 70 W equipment class. A square
indicates a representative unit. Diamonds indicate other 70 W ballasts tested by DOE.
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Figure 5.10.1 Efficiency Levels for the 70 W Equipment Class
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Table 5.10.3 Ballast Designs for the 70 W Representative Wattage
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Baseline | Magnetic | Pulse | Quad | 102.6 | 70.0 72.0
EL1 Magnetic | Pulse | Quad | 96.4 | 70.0 76.6
EL2 Magnetic | Pulse | Quad | 92.2 | 70.0 80.1
EL3 Electronic | Pulse | Quad | 79.5 70.0 88.0
EL4 Electronic | Pulse | Quad | 77.0 70.0 90.9
Note: “Quad” input voltage means 120, 208, 240, and 277 V.

5.10.3 Ballast and Fixture Prices

DOE analyzed each EL for the 70 W representative wattage to develop appropriate
MSPs. When calculating the MHLF MSPs for this rulemaking, DOE calculated the ballast MPC
and added any relevant ballast cost adders to get the total ballast MPC. This total ballast MPC
was multiplied by a calculated ballast manufacturer markup to determine the total ballast MSP to
a fixture manufacturer. DOE also calculated an empty fixture MPC (fixture without a ballast or
adders) and added any relevant fixture cost adders to get a total empty fixture MPC. This total
empty fixture MPC was then added to the total ballast MSP to calculate the total fixture MPC.
As discussed in section 5.3, fixtures using electronic ballasts had certain MPC adders applied
based on if the fixture was indoor or outdoor to account for thermal management, transient
voltage protection, and 120 V auxiliary tap capability. Finally, the total fixture MPC was
multiplied by a fixture manufacturer markup to calculate the total fixture MSP. As discussed in
section 5.4, the empty fixture cost is the same for each EL (does not change with increasing
efficiency) and is calculated as the average of the teardown MPCs for all fixture types identified
as representative. Therefore, MSP variance across ELs is due to changes in the ballast itself and
certain fixture and ballast adders.

For the baseline unit and for EL1, DOE based the ballast price on teardown-sourced
MSPs. DOE used input from manufacturers to determine which grade of electrical steel would be
used to achieve the levels of efficiency represented by those levels. EL2 corresponds to a
magnetic ballast, whose price DOE calculated using the MPC of a baseline ballast and adding the
calculated expected increase in price for the increase in steel grade needed to achieve EL2
efficiency. EL3 (also the baseline electronic ballast) is based on teardown-sourced MSPs. EL4 is
scaled from a comparable 250 W ballast using a ratio of retail data between the two wattages.
Total fixture MSP increases with increased ballast efficiency.
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Table 5.10.4 Summary of the Manufacturing Selling Prices for the 70 W Representative
Wattage

Total Indoor | Total Outdoor

Efficiency Level Fixture MSP Fixture MSP
2010% 2010%
Baseline 68.01 68.01
EL1 68.94 68.94
EL2 78.97 78.97
Baseline Electronic/EL3 81.21 109.47
EL4 91.38 119.64

5.10.4 Results

The following table summarizes the engineering characteristics for each ballast
replacement option in the 70 W representative equipment class.
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Table 5.10.5 Indoor 70 W Representative Wattage Engineering Summary
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\Y W M 2010$ | 2010% | 2010$ | 2010% | 2010% | 2010$ | 2010%
Baseline CWA Pulse | Quad* | 102.6 72.0% 18.22 - 18.22 | 16.26 - 43.04 68.01
EL1 HX-HPF | Pulse | Quad 96.4 76.6% 18.62 - 18.62 | 16.26 - 43.63 68.94
EL2 CWA Pulse | Quad 92.2 80.1% 22.94 - 2294 | 16.26 - 49.98 78.97
Baseline 3.25 | 51.40
Electronic/ | Electronic | Pulse | Quad 79.5 88% 20.94 0.75 16.26
EL3 21.69 81.21
EL4 Electronic | Pulse | Quad 77.0 90.9% 25.32 0.75 26.07 | 16.26 | 3.25 | 57.83 91.38
* “Quad” input voltage means 120, 208, 240, and 277 V.
Table 5.10.6 Outdoor 70 W Representative Wattage Engineering Summary
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\% W o 2010$ | 2010$ | 2010$ | 2010% | 2010$ | 2010% | 2010%
Baseline CWA Pulse | Quad* | 102.6 72.0% 18.22 - 26.78 | 16.26 - 43.04 68.01
EL1 HX-HPF | Pulse | Quad 96.4 76.6% 18.62 - 27.37 | 16.26 - 43.63 68.94
EL2 CWA Pulse | Quad 92.2 80.1% 22.94 - 33.72 | 16.26 - 49,98 78.97
Baseline 22.24
Electronic/ | Electronic | Pulse | Quad 79.5 88% 20.94 - 30.79 | 16.26 69.29 109.47
EL3
EL4 Electronic | Pulse | Quad 77.0 90.9% 25.32 - 37.22 | 16.26 22.24 75.72 119.64

* “Quad” input voltage means 120, 208, 240, and 277 V.
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5.11 150 WATT METAL HALIDE LAMP FIXTURES

In this section, DOE analyzes 150 W fixtures as the representative wattage for the >100
W and <150 W equipment class. Whether a fixture is indoor or outdoor can affect the design and
price of the fixture and ballast, but not the ballast efficiency. Therefore, all discussion of
efficiency and ELs in this chapter applies to both the indoor and outdoor equipment classes.

5.11.1 Baseline Models

DOE selected baseline models as reference points for each equipment class, against
which DOE measured changes resulting from potential amended energy conservation standards.
As discussed in section 5.2, a baseline model just meets current Federal energy conservation
standards (if any exist) and provides basic consumer utility. To determine energy savings and
changes in price, DOE compared each higher energy EL with the baseline unit.

DOE chose to analyze one baseline ballast for the 150 W representative wattage. For
outdoor applications, 150 W ballasts are sold in fixtures rated for use in wet locations and
operation in ambient air temperatures over 50°C and are therefore exempted from standards
prescribed by EISA 2007 as described in NOPR TSD chapter 3. As a result, the baseline unit for
the 150 W representative wattage has an efficiency lower than 88 percent. Furthermore, though
electronic ballasts are available at 150 W, magnetic 150 W pulse-start, quad-voltage units
dominate in the lower efficiency range. Both CWA and HX-HPF ballasts are common at the 150
W level and DOE considered them both to be representative of 150 W shipments. Based on test
results, DOE found the lowest efficiency ballast that could be incorporated into a fixture exempt
from EISA 2007 standards was a magnetic pulse-start, quad-voltage CWA ballast with an
efficiency of 81.2 percent, and thus analyzed this ballast as a baseline. Electronic 150 W ballasts
typically use LFE circuit type and multiple-input-voltage capability. DOE used manufacturer-
provided, test, and catalog data regarding which grade of steel would be required to achieve the
higher ELs.

Table 5.11.1 Baseline Model for the 150 W Representative Wattage

Starting Normalized Ballast
Type Method Inputv\ljower Efficiency Current Federal Standard
Magnetic Pulse 1954 81.2% None

5.11.2 Efficiency Levels

For the 150 W representative wattage, DOE surveyed and tested many manufacturer
product offerings for ballast efficiency to identify the ELs corresponding to the highest number
of models. DOE identified the most prevalent ballast efficiency values in the range of available
equipment and established ELs based on that equipment. DOE determined the max tech ballast
efficiency for metal halide lamp fixtures, as required by section 325(0) of EPCA. (42 U.S.C.
6295(0)) To determine this level, DOE conducted a survey of the MHLF market and the research
fields that support the market. DOE believes that, within a given equipment class, no working
prototypes exist that have a distinguishably higher ballast efficiency than currently available
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equipment. Therefore the highest EL presented, which represents the most efficient tier of
commercially available equipment, is the max tech level that DOE determined for this
rulemaking.

The following section identifies the steps and technologies associated with each EL DOE
considered for the 150 W representative wattage. As discussed in the screening analysis (NOPR
TSD chapter 4), DOE used design options that achieve a higher ballast efficiency than the
baseline model. Efficiency improvements to the magnetic baseline unit required a higher grade
of steel, more and better conductor, and an eventual move to electronic circuitry.

These ELs represent modeled ballasts, where the efficiencies were specified (as opposed
to tested) and the costs modeled (as opposed to teardown-derived).

EL1.° Efficiency (%): 100/(1+3.90%PA(-0.60))

This level corresponds to a magnetic ballast with higher grade steel than that of the
baseline unit. The stack height and ballast footprint are maintained relative to the baseline
ballast. DOE used manufacturer input to specify the steel grade required to meet EL1.

EL2. Efficiency (%): 100/(1+2.50*P~(-0.55))

This level requires the use of an even better grade of steel, which might have thinner
laminations. The stack height and ballast footprint are maintained relative to the baseline ballast.
A decrease in steel thickness due to the steel grade and no change in the stack height equates to
additional laminations and thus an improvement in efficiency. Conductor may be added to reach
this efficiency, and it is almost certainly copper.

EL3. Efficiency (%): 100/(1+0.60*P~(-0.34))
This level corresponds to a move from magnetic to electronic circuitry.
EL4. Efficiency (%): 100/(1+0.36*P~(-0.30))

This level corresponds to an improved electronic design with more efficient components.
It represents the maximum technologically feasible EL.

® P is defined as the rated wattage of the lamp the fixture is designed to operate
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Table 5.11.2 Summary of the ELs for the 150 W Representative Wattage

Efficiency Level Ballast EffICIerl;;y Requirement
EL1 100/(1+3.90*P~(-0.60))*
EL2 100/(1+2.50*P~(-0.55))
EL3 100/(1+0.60*P~(-0.34))
EL4 100/(1+0.36*P"(-0.30))

*P is defined as the rated wattage of the lamp the fixture is designed to operate

Figure 5.11.1 illustrates four ELs on a plot of the 150 W equipment class. A square
indicates a representative unit. Diamonds indicate other 150 W ballasts tested by DOE.
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Figure 5.11.1 Efficiency Levels for the 150 W Equipment Class
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Table 5.11.3 Ballast Designs for the 150 W Representative Wattage
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Baseline | Magnetic | Pulse | Quad | 102.6 | 150.0 72.0
EL1 Magnetic | Pulse | Quad | 96.4 | 150.0 76.6
EL2 Magnetic | Pulse | Quad | 92.2 | 150.0 80.1
EL3 Electronic | Pulse | Quad | 79.5 | 150.0 88.0
EL4 Electronic | Pulse | Quad | 77.0 | 150.0 90.9
Note: “Quad” input voltage means 120, 208, 240, and 277 V.

5.11.3 Ballast and Fixture Prices

DOE analyzed each EL for the 150 W representative wattage to develop appropriate
MSPs. When calculating the MHLF MSPs for this rulemaking, DOE calculated the ballast MPC
and added any relevant ballast cost adders to get the total ballast MPC. This total ballast MPC
was multiplied by a calculated ballast manufacturer markup to determine the total ballast MSP to
a fixture manufacturer. DOE also calculated an empty fixture MPC (fixture without a ballast or
adders) and added any relevant fixture cost adders to get a total empty fixture MPC. This total
empty fixture MPC was then added to the total ballast MSP to calculate the total fixture MPC.
As discussed in section 5.3, fixtures using electronic ballasts had certain MPC adders applied
based on if the fixture was indoor or outdoor to account for thermal management, transient
voltage protection, and 120 V auxiliary tap capability. Finally, the total fixture MPC was
multiplied by a fixture manufacturer markup to calculate the total fixture MSP. As discussed in
section 5.4, the empty fixture cost is the same for each EL (does not change with increasing
efficiency) and is calculated as the average of the teardown MPCs for all fixture types identified
as representative. Therefore, MSP variance across ELs is due to changes in the ballast itself and
certain fixture and ballast adders.

The total fixture MSP is equal to the sum of the empty fixture MSP and the ballast MSP.
As discussed in section 5.4, the empty fixture cost is the same for each EL (does not change with
increasing efficiency) and is calculated as the average of the teardown MPCs for all fixture types
identified as representative. Therefore, MSP variance across ELs is due only to changes in the
ballast itself.

DOE did not perform any teardown analysis on 150 W empty fixtures. However, because
150 W products serve similar applications to both 70 W and 250 W fixtures, DOE found it
appropriate to average the fixture prices of the 70 W and the 250 W fixtures that were
determined in the preliminary analysis to determine a 150 W fixture price.

For the baseline ballast, DOE used teardown-sourced pricing that was also confirmed by
a modeled ballast where a magnetic ballast of similar size and wattage is torn down and then
modeled as if it had features (e.g., better steel, more conductor) that enabled higher efficiency.
DOE interviewed manufacturers to determine which features were required to reach a given EL.
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For the ballast component, ELs 1 and 2 also correspond to modeled ballasts. The ballast price for
EL3 is based on teardown-sourced data. EL4 pricing was determined by scaling MSPs from 70
W electronic ballasts using a ratio of retail data between the two wattages.

Table 5.11.4 Summary of the Manufacturing Selling Prices for the 150 W Representative
Wattage

Total Indoor Fixture Total Outdoor

Efficiency Level MSP Fixture MSP
2010% 2010%
Baseline 109.83 109.83
EL1 122.12 122.12
EL2 128.02 128.02
EL3 124.73 152.99
EL4 139.32 167.58

5.11.4 Engineering Summary

The following table summarizes the engineering data developed for each EL for the 150
W representative wattage.
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Table 5.11.5 Indoor 150 W Representative Wattage Engineering Summary
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\% w 2010% | 2010$ | 2010% | 2010% | 2010% 2010%
Baseline CWA Pulse | Quad* | 1954 81.0% 28.22 - 41.48 28.03 - 109.83
EL1 CWA Pulse Quad 188.4 84.0% 33.51 - 49.26 28.03 - 122.12
EL2 CWA Pulse Quad 182.9 86.5% 36.05 - 52.99 28.03 - 128.02
EL3 Electronic | Pulse | Quad 162.9 92.1% 30.07 0.75 45.31 28.03 5.61 124.73
EL4 Electronic | Pulse | Quad 160.3 93.6% 36.35 0.75 54.54 28.03 561 139.32
* “Quad” input voltage means 120, 208, 240, and 277 V.
Table 5.11.6 Outdoor 150 W Representative Wattage Engineering Summary
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\% w 2010$ | 2010% | 2010% | 2010% | 2010% | 2010%
Baseline | CWA | pulse | Q42 1954 81.0% 28.22 - 41.48 | 28.03 - | 109.83
EL1 CWA Pulse | Quad | 188.4 84.0% 33.51 - 49.26 28.03 - 122.12
EL2 CWA Pulse | Quad | 182.9 86.5% 36.05 - 52.99 28.03 - 128.02
EL3 Electronic | Pulse | Quad | 162.9 92.1% 30.07 - 44.20 28.03 | 2459 | 152.99
EL4 Electronic | Pulse | Quad | 160.3 93.6% 36.35 - 53.44 28.03 | 2459 | 167.58

* “Quad” input voltage means 120, 208, 240, and 277 V.
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5.12 250 WATT METAL HALIDE LAMP FIXTURES

In this section, DOE analyzes 250 W fixtures as the representative wattage for the >150
W and <250 W equipment class. Whether a fixture is indoor or outdoor can affect the design and
price of the fixture and ballast, but not the ballast efficiency. Therefore, all discussion of
efficiency and ELs in this chapter applies to both the indoor and outdoor equipment classes.

5.12.1 Baseline Models

DOE selected baseline models as reference points for each equipment class, against
which DOE measured changes resulting from potential amended energy conservation standards.
As discussed in section 5.2, a baseline model just meets current Federal energy conservation
standards (if any exist) and provides basic consumer utility. To determine energy savings and
changes in price, DOE compared each higher energy EL with the baseline unit.

DOE chose to analyze one baseline ballast for the 250 W representative wattage. EISA
2007 covered 250 W ballasts in new fixtures and no model could be less than 88 percent
efficient. Although electronic ballasts are not uncommon for 250 W ballasts, magnetic, pulse-
start, CWA, quad-voltage units predominate. For the 250 W baseline, DOE did not test a ballast
that just met the 88 percent level, and instead used a ballast from an EISA-compliant fixture and
assumed it to be 88 percent efficient.

Table 5.12.1 Baseline Model for the 250 W Representative Wattage

Type Starting IT]OLng\ZA?Sr Ballast Current Federal Standard
yp Method P W Efficiency
Magnetic Pulse 299.7 88.0% 88.0%

5.12.2 Efficiency Levels

For the 250 W representative wattage, DOE surveyed and tested many manufacturer
product offerings for ballast efficiency to identify the ELs corresponding to the highest number
of models. DOE identified the most prevalent ballast efficiency values in the range of available
equipment and established ELs based on that equipment. DOE determined the max tech ballast
for metal halide lamp fixtures, as required by section 325(0) of EPCA. (42 U.S.C. 6295(0)) To
determine this level, DOE conducted a survey of the MHLF market and the research fields that
support the market. DOE believes that, within a given equipment class, no working prototypes
exist that have a distinguishably higher ballast efficiency than currently available equipment.
Therefore, the highest EL presented, which represents the most efficient tier of commercially
available equipment, is the max tech level that DOE determined for this rulemaking.

Through a survey of commercially available products and manufacturer input, DOE
determined that the max tech efficiency achievable for magnetic ballasts >150 W and <200 W is
at the prescribed EISA 2007 efficiency standard and thus set the magnetic levels (ELs 1 an