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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 and results supporting the information presented in the final rule for packaged terminal
air conditioners (PTACS) and packaged terminal heat pumps (PTHPSs). This final rule TSD
complements the life-cycle cost (LCC), payback period (PBP), and national impact analysis
(NIA) spreadsheets posted on the U.S. Department of Energy’s (DOE’s) website at:
http://www1.eere.energy.gov/buildings/appliance_standards/rulemaking.aspx/ruleid/64

1.2 OVERVIEW OF ENERGY CONSERVATION STANDARDS

Title 111, Part C? of the Energy Policy and Conservation Act of 1975 (“EPCA” or “the
Act”), Pub. L. 94-163 (42 U.S.C. 6311-6317, as codified), added by Pub. L. 95-619, Title IV,
8441(a), established the Energy Conservation Program for Certain Industrial Equipment, which
includes the PTAC and PTHP equipment that are the subject of this TSD.” In general, this
program addresses the energy efficiency of certain types of commercial and industrial
equipment. Relevant provisions of the Act include definitions (42 U.S.C. 6311), energy
conservation standards (42 U.S.C. 6313), test procedures (42 U.S.C. 6314), labelling provisions
(42 U.S.C. 6315), and the authority to require information and reports from manufacturers (42
U.S.C. 6316). EPCA contains mandatory energy conservation standards for commercial heating,
air-conditioning, and water-heating equipment. (42 U.S.C. 6313(a)) Specifically, the statute sets
standards for small, large, and very large commercial package air-conditioning and heating
equipment, PTACs and PTHPs, warm-air furnaces, packaged boilers, storage water heaters,
instantaneous water heaters, and unfired hot water storage tanks. 1d.

Section 5(b) of the American Energy Manufacturing Technical Corrections Act of 2012
(Pub. L. No. 112-210 (Dec. 18, 2012) (AEMTCA) amended Section 342(a)(6) of EPCA. Among
other things, AEMTCA modified the manner in which DOE must amend the energy efficiency
standards for certain types of commercial and industrial equipment. DOE is typically obligated
either to adopt those standards developed by the American Society of Heating, Refrigerating, and
Air-Conditioning Engineers (ASHRAE) — or to adopt levels more stringent than the ASHRAE
levels if there is clear and convincing evidence in support of doing so (42 U.S.C. 6313(a)(6)(A)).
AEMTCA added to this process a requirement that DOE initiate a rulemaking to consider
amending the standards for any covered equipment as to which more than 6 years has elapsed
since the issuance of the most recent final rule establishing or amending a standard for the
equipment as of the date of AEMTCA’s enactment, December 18, 2012. (42 U.S.C.
6313(a)(6)(C)(vi))

& For editorial reasons, upon codification in the U.S. Code, Part C was re-designated Part A-1.
® All references to EPCA in this document refer to the statute as amended through the American Energy
Manufacturing Technical Corrections Act of 2012, Pub. L. 112-210 (Dec. 18, 2012).
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Under EPCA, when DOE is studying new or amended standards, it must consider, to the
greatest extent practicable, the following seven factors:

1) the economic impact of the standard on the manufacturers and consumers of the
equipment subject to the standard,;

2) the savings in operating costs throughout the estimated average life of the equipment
compared to any increases in the initial cost or maintenance expense;

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

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

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

6) the need for national energy conservation; and
7) other factors the Secretary considers relevant. (42 U.S.C. 6313(a)(6)(B))
Other statutory requirements are set forth in 42 U.S.C. 6313(a)(6)(A)—(C).

DOE considers interested party participation to be a very important part of the process for
setting energy conservation standards. Through formal public notifications (i.e., Federal Register
notices), DOE actively encourages the participation and interaction of all interested parties
during the comment period in each stage of the rulemaking. Beginning with the 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.

Before DOE determines whether or not to adopt a proposed energy conservation
standard, it must first solicit comments on the proposed standard. Any new or amended standard
must be designed to achieve significant additional conservation of energy and be technologically
feasible and economically justified. 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 seven factors listed above.

The energy conservation standards rulemaking process involves two formal public
notices, which DOE publishes in the Federal Register. The first notice is the NOPR, which
presents the analyses of the impacts of potential amended energy conservation standards on
customers, manufacturers, and the Nation; DOE’s weighting of these impacts of amended energy
conservation standards; and the proposed energy conservation standards for the equipment. The
second notice is the final rule, which presents a discussion of the comments received in response
to the NOPR; the revised analyses; DOE’s weighting of these impacts; the amended energy
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conservation standards DOE is adopting for each equipment class; and the effective dates of the
amended energy conservation standards.

1.3 OVERVIEW OF PTAC AND PTHP STANDARDS

EPCA sets standards for small, large, and very large commercial package air-
conditioning and heating equipment, PTACs and PTHPs, warm-air furnaces, packaged boilers,
storage water heaters, instantaneous water heaters, and unfired hot water storage tanks. (42
U.S.C. 6313(a)) Section 340 of EPCA defines a “packaged terminal air conditioner” as “a wall
sleeve and a separate unencased combination of heating and cooling assemblies specified by the
builder and intended for mounting through the wall. It includes a prime source of refrigeration,
separable outdoor louvers, forced ventilation, and heating availability by builder's choice of hot
water, steam, or electricity.” (42 U.S.C. 6311(10)(A)) EPCA defines a “packaged terminal heat
pump” as “a packaged terminal air conditioner that utilizes reverse cycle refrigeration as its
prime heat source and should have supplementary heat source available to builders with the
choice of hot water, steam, or electric resistant heat.” (42 U.S.C. 6311(10)(B))

DOE most recently issued amended standards for PTACs and PTHPs on October 7, 2008,
which codified amended standards for PTACs and PTHPs and divided PTACs and PTHPs into
two equipment classes — standard size and non-standard size. 73 FR 58772 (Oct. 7, 2008) On
October 29, 2010, ASHRAE released ASHRAE Standard 90.1-2010 (formally the American
National Standards Institute (ANSI)/ASHRAE/Illuminating Engineering Society of North
America (IES) Standard 90.1-2010), which increased the efficiency levels for standard size
PTACs and PTHPs to be equal to DOE standards, effective as of October 8, 2012. Hence, DOE
did not consider revision of PTAC and PTHP standards at that time.

1.3.1 Framework and Analysis Methodology

DOE began this rulemaking by analyzing amended standards consistent with the
procedures defined under 42 U.S.C. 6313(a)(6)(C). However, before DOE could finalize the
NOPR for this rulemaking, ASHRAE acted on October 9, 2013 to adopt ANSI/ASHRAE/IES
Standard 90.1-2013, and this revision contained amended standards PTACs at levels above the
current Federal standards, thereby triggering DOE’s statutory obligation under 42 U.S.C.
6313(a)(6)(A) to promulgate an amended uniform national standard at those levels unless DOE
determines that there is clear and convincing evidence supporting the adoption of energy
conservation standards more stringent than the ASHRAE levels. Consequently, DOE prepared
an analysis of the energy savings potential of amended standards at the ANSI/ASHRAE/IES
Standard 90.1-2013 levels (as required by 42 U.S.C. 6313(a)(6)(A)(i)) and updated the
accompanying analyses to reflect appropriate statutory provision, timelines, and compliance
dates.

On February 22, 2013, DOE published a notice of public meeting and availability of the
framework document regarding energy conservation standards for packaged terminal air
conditioners and heat pumps standards. 78 FR 12252. This notice is available at:
http://www.regulations.gov/#!documentDetail;D=EERE-2012-BT-STD-0029-0001.
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DOE held a public meeting on March 18, 2013 (“March 2013 framework public
meeting”) to discuss procedural and analytical approaches to the rulemaking and to inform
interested parties and facilitate their involvement in the rulemaking process. The public meeting
sought input on DOE’s planned analytical approach and identified several issues of particular
interest to DOE for this rulemaking proceeding.

Table 1.3.1 lists the analyses conducted throughout the rulemaking process.

Table 1.3.1. PTAC and PTHP Analyses*

Preliminary Analyses NOPR Final Rule
Market and technology Life-cycle cost sub-group analysis | Revised NOPR analyses
assessment
Screening analysis Manufacturer impact analysis
Engineering analysis Utility impact analysis
Energy use determination Emissions analysis
Markups for equipment price Employment impact analysis
determination
Life-cycle cost and payback Regulatory impact analysis
period analysis
Shipments analysis
National impact analysis

* In the current rulemaking, DOE conducted the analyses listed under Preliminary Analyses as part of the NOPR
analysis.

After the March 2013 framework public meeting, as part of the information gathering and
sharing process for the manufacturer impact analysis (MI1A), DOE organized and held interviews
with manufacturers of PTACs and PTHPs as part of the engineering analysis. DOE had four
objectives for these interviews: (1) solicit manufacturer feedback on the draft inputs to the
engineering analysis; (2) solicit feedback on topics related to the manufacturer impact analysis;
(3) provide an opportunity to express manufacturers’ concerns to DOE; and (4) foster
cooperation between manufacturers and DOE. DOE incorporated the information gathered
during the engineering interviews with manufacturers into its engineering analysis (Chapter 5 of
the final rule TSD) and the manufacturer impact analysis (Chapter 12 of the final rule TSD).

On September 16, 2014, DOE published a notice of public rulemaking (“September 2014
NOPR?”) in the Federal Register. 79 FR 55538 (September 16, 2014). In the September 2014
NOPR, DOE addressed, in detail, the comments received in earlier stages of rulemaking, and
proposed amended energy conservation standards for PTACs and PTHPs that were more
stringent that the levels in ASHRAE 90.1-2013. In conjunction with the September 2014 NOPR,
DOE also published on its website the complete TSD for the proposed rule, which incorporated
the analyses DOE conducted and technical documentation for each analysis. Also published on
DOE’s website were the engineering analysis spreadsheets, the LCC spreadsheet, and the
national impact analysis standard spreadsheet. These materials are available at:
http://www1.eere.energy.gov/buildings/appliance_standards/rulemaking.aspx/ruleid/64
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In the September 2014 NOPR, DOE identified seven issues on which it was particularly
interested in receiving comments and views of interested parties: alternate refrigerants,
distribution channels, shipments data, efficiency trends, conversion costs, direct employment
levels, and effects on small businesses. 79 FR 55538 at 55599-55600. After the publication of
the September 2014 NOPR, DOE received written comments on these and other issues. DOE
also held a public meeting in Washington, DC, on October 29, 2014, to discuss and receive
comments regarding the tools and methods DOE used in the NOPR analysis, as well as the
results of the analysis. DOE also invited written comments and announced the availability of a
NOPR analysis technical support document (NOPR TSD). The NOPR TSD is available at:
http://www.regulations.gov/#!documentDetail;D=EERE-2012-BT-STD-0029-0021

At the public meeting held on October 29, 2014, DOE presented the methodologies and
results of the analyses set forth in the NOPR TSD. Interested parties provided comments. Key
issues raised by stakeholders included: (1) the use of the ASHRAE 90.1-2013 levels as the
analytical baseline; (2) the proportion of units that would require redesign to meet the standard
levels proposed in the September 2014 NOPR; (3) the cumulative burden on manufacturers of
redesigning to the amended ASHRAE levels and then redesigning to a more stringent Federal
standard; and (4) the assumptions about PTAC and PTHP operations used in the energy use
analysis.

DOE refined the NOPR analyses based on stakeholder comments for the final rule TSD.

1.4  STRUCTURE OF THE DOCUMENT

This final rule TSD outlines the analytical approaches used in this rulemaking. The TSD
consists of seventeen chapters and appendices.

Chapter 1 Introduction: provides an overview of the appliance standards program
and how it applies to the PTAC and PTHP rulemaking, and outlines the
structure of the document.

Chapter 2 Analytical Framework: describes the rulemaking process.

Chapter 3 Market and Technology Assessment: characterizes the PTAC and PTHP
market and the technologies available for increasing equipment efficiency.

Chapter 4 Screening Analysis: identifies design options that improve efficiency of
the covered equipment and determines which technology options are
viable for consideration in the engineering analysis.

Chapter 5 Engineering Analysis: discusses the methods used for developing the
relationship between increased manufacturer price and increased
efficiency.

Chapter 6 Markups Analysis: discusses the methods used for establishing markups
for converting manufacturer prices to customer equipment costs.
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Chapter 7

Chapter 8

Chapter 9

Chapter 10

Chapter 11

Chapter 12

Chapter 13

Chapter 14

Chapter 15

Chapter 16

Chapter 17

Appendix 6A
Appendix 7A

Appendix 10A

Energy Use Analysis: discusses the process used for generating energy-
use estimates for the covered equipment as a function of standard levels.

Life-Cycle Cost and Payback Period Analysis: discusses the methods
used to analyze effects of standards on individual customers and users of
the equipment and compares the LCC and PBP of equipment with and
without higher efficiency standards.

Shipments Analysis: estimates shipments of the equipment over the 30-
year analysis period that is used in performing the national impact analysis
(NIA), including how shipments may vary under alternative standard
levels.

National Impact Analysis: assesses the national energy savings, and the
national net present value of total customer costs and savings, expected to
result from specific, potential energy conservation standards.

Life-Cycle Cost Subgroup Analysis: discusses the effects of potential
standards on different subgroups of customers.

Manufacturer Impact Analysis: discusses the effects of amended energy
conservation standards on the finances and profitability of equipment
manufacturers.

Emissions Impact Analysis: discusses the effects of standards on three
pollutants—sulfur dioxide (SO,), nitrogen oxides (NOXx), and mercury—as
well as CO, emissions.

Monetization of Emissions Reductions Benefits: discusses the basis for
estimated monetary values used for the reduced emissions of CO, and
NOXx that are expected to result from each of the TSLs considered.

Utility Impact Analysis: discusses selected effects of potential standards
on electric utilities.

Employment Impact Analysis: discusses the effects of amended energy
conservation standards on national employment.

Regulatory Impact Analysis: discusses the impact of non-regulatory
alternatives to efficiency standards.

Detailed Data for Equipment Price Markups
Detailed Unit Energy Consumption Data

Full-Fuel-Cycle Multipliers
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Appendix 10B

Appendix 12A
Appendix 12B

Appendix 14A

Appendix 14B

Appendix 17A

NIA Sensitivity Analysis for Alternative Product Price Trend
Scenarios

Manufacturer Impact Analysis Interview Guide
Government Regulatory Impact Model (GRIM) Overview

Social Cost of Carbon for Regulatory Impact Analysis Under
Executive Order 12866

Technical Update of Social Cost of Carbon for Regulatory Impact
Analysis Under Executive Order 12866

Regulatory Impact Analysis: Supporting Materials
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CHAPTER 2. ANALYTICAL FRAMEWORK

2.1 INTRODUCTION

Section 6313(a)(6)(A)(ii) of 42 United Standards Code (U.S.C.), requires the U.S.
Department of Energy (DOE) to establish energy conservation standards that are technologically
feasible and economically justified and will result in significant energy conservation. This
chapter describes the general analytical framework that DOE uses in developing such standards,
as well as aspects specific to the analysis of standards for packaged terminal air conditioner
(PTAC) and packaged terminal heat pump (PTHP) equipment. The analytical framework
summarizes the methodologies, analytical tools, and relationships among the various analyses
that are part of a standards rulemaking.

Figure 2.1.1 summarizes the analytical components of the standards-setting process. The
column labeled Approaches lists the methodologies DOE uses to perform the various steps and
analyses in the process. The primary focus of the figure is the column labeled Analyses. The
columns labeled Key Inputs and Key Outputs show how the analyses fit into the rulemaking
process and how they relate to each other. Key inputs are the types of data and information that
the analyses require. Some key inputs can be found in public databases; other inputs DOE
collects from interested parties or experts having specialized knowledge. Key outputs are the
analytical results that feed directly into the standards-setting process. Lines with arrows
connecting analyses show the types of information that feed from one analysis to another.
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The analyses that DOE performed in developing this final rule include:

e A market and technology assessment to characterize the relevant equipment markets
and technology options, including prototype designs;

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

e An engineering analysis to develop cost-efficiency relationships for equipment
designs that passed the screening analysis; the manufacturer’s production costs
(material, labor, and factory overhead) for achieving increased efficiency are
evaluated;

e An energy use analysis to determine the annual energy use of the considered
equipment at specific efficiency levels;

e A markups analysis to convert the manufacturer costs estimated from the engineering
analysis to customer prices, which are then used in the life-cycle cost (LCC) and
payback period analysis (PBP) and in the manufacturer impact analysis.;

e A life-cycle cost and payback period analysis to calculate, at the customer level, the
discounted savings in operating costs (minus maintenance and repair costs)
throughout the estimated average life of the covered equipment, compared to any
increase in the installed cost of the equipment likely to result directly from the
imposition of the standard;

e A shipments analysis to forecast equipment shipments, which then are used to
calculate the national impacts of standards on energy consumption and costs, net
present value (NPV), and future manufacturer cash flows;

e A national impact analysis to assess the aggregate impacts nationwide of the NPV of
total customer LCC and national energy savings (NES);

e A customer sub-group analysis to evaluate variations in customer characteristics that
might cause a standard to affect the LCC for particular customer sub-populations
differently than for the overall population;

e A manufacturer impact analysis to estimate the financial impacts of standards on
manufacturers and to calculate effects on competition, employment, and
manufacturing capacity;

e An employment impact analysis to assess the aggregate effects of standards on
national employment;

e A utility impact analysis to estimate the effects of proposed standards on the
generation capacity and electricity generation of electric utilities;

e An emissions analysis to estimate 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 emission reduction benefits resulting from reduced emissions
associated with potential amended standards; and

e A regulatory impact analysis to evaluate alternatives to proposed amended energy
conservation standards that could achieve substantially the same regulatory goal.
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2.2 BACKGROUND

DOE developed the analytical framework pertaining to PTAC and PTHP equipment in
the Rulemaking Framework for Packaged Terminal Air Conditioners and Packaged Terminal
Heat Pumps (February 22, 2013). DOE announced the availability of the Framework document
in a notice of public meeting and availability of a Framework document published in the Federal
Register on February 22, 2013. 78 FR 12252

DOE presented the analytical approach to interested parties during a public meeting held
on March 18, 2013.* DOE used comments gathered during the Framework public meeting as
well as additional information to conduct analyses culminating in the publication of a Notice of
Proposed Rulemaking for PTAC and PTHP equipment” on September 16, 2014. 79 FR 55538.
DOE also held an associated public meeting for the NOPR stage in Washington, D.C. on October
29, 2014. After gathering stakeholder comments through the public meeting and open comment
period, DOE revised and updated its analysis for today’s final rule.

The following sections provide a brief overview of the different analytical approaches of
this rulemaking analysis plan. DOE has used the most reliable data available at the time of each
analysis in this rulemaking. DOE has also considered the submissions of additional data from
interested parties during the rulemaking process.

2.3 MARKET AND TECHNOLOGY ASSESSMENT

The market and technology assessment characterizes the relevant equipment markets and
technology options, including prototype designs, for considered equipment. Chapter 3 of this
TSD describes in detail the market and technology assessment for PTAC and PTHP equipment.

2.3.1 Market Assessment

When initiating a standards rulemaking, DOE develops information on the present and
past industry structure and market characteristics for the equipment being studied. This activity
assesses the industry and equipment, both quantitatively and qualitatively, based on publicly
available information. As such, for the considered equipment, DOE addressed (1) manufacturer
market share and characteristics; (2) current regulatory and non-regulatory initiatives for
improving equipment efficiency; and (3) trends in equipment characteristics and retail markets.
This information serves as resource material throughout the rulemaking.

DOE reviewed equipment literature and interviewed manufacturers to develop an overall
picture of the market for PTAC and PTHP equipment in the United States. Industry publications
and trade journals, government agencies, and trade organizations provided the bulk of this
information. The appropriate sections of this TSD, particularly chapter 3, describe the resulting
information as DOE used it in the analysis.

2.3.2 Technology Assessment
DOE typically uses information relating to current and past technology options and

prototype designs to determine what technologies manufacturers use to attain higher
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performance levels. In consultation with interested parties, DOE develops a list of technologies
for consideration. Initially, the list encompasses all the technologies DOE believes are
technologically feasible. DOE developed a list of technologically feasible design options through
consultation with manufacturers of components and systems, from trade publications and
technical papers. Since many options for improving equipment efficiency are available in
existing units, equipment literature and direct examination of equipment provided additional
information.

2.4  SCREENING ANALYSIS

As described in section 2.3.2, DOE develops an initial list of efficiency enhancement
options from the technologies identified as technologically feasible. Then DOE, in consultation
with interested parties, reviews the list to determine whether those options (1) are technologically
feasible; (2) are practicable to manufacture, install, and service; (3) have an adverse impact on
equipment utility or availability; or (4) have adverse impacts on health and safety. In addition,
DOE removes from the list any technology options for which energy consumption data are
lacking as well as any for which the energy consumption cannot be measured adequately by
DOE test procedures. Chapter 4 of this TSD describes the screening analysis. In the engineering
analysis, DOE further considers the efficiency-enhancement options that it did not eliminate in
the screening analysis.

2.5 ENGINEERING ANALYSIS

In the engineering analysis (chapter 5 of this TSD), DOE evaluates a range of equipment
efficiency levels and their associated manufacturing costs in order to establish the relationship
between the cost and the efficiency of PTAC and PTHP equipment. This relationship serves as
the basis for cost/benefit calculations related to individual customers, manufacturers, and the
nation. Chapter 5 discusses the equipment classes DOE analyzed, the representative baseline
units, the incremental efficiency levels, and the methodology DOE used to develop
manufacturing costs, the methodology it used to develop the energy consumption model, the
cost-efficiency curves, and the effect of efficiency improvements on the covered equipment.

The purpose of the engineering analysis is to estimate the incremental manufacturing
production costs associated with increasing equipment efficiency above the level of the baseline
model in each equipment class. The engineering analysis generally considers technologies not
eliminated in the screening analysis, although certain technologies were not analyzed because
they offered negligible incremental improvements to efficiency. DOE considers the remaining
technologies, designated “design options,” in developing cost-efficiency curves, which are used
for the LCC and PBP analysis. For each equipment class, DOE selected efficiency levels and
obtained incremental cost data at each level.

DOE typically structures its engineering analysis around one of three methodologies: (1)
the design-option approach, which calculates the incremental costs of adding specific design
options to a baseline model; (2) the efficiency-level approach, which calculates the relative costs
of achieving increases in energy efficiency levels without regard to the particular design options
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used to achieve such increases; and/or (3) the reverse-engineering or cost-assessment approach,
which involves a “bottom-up” manufacturing cost assessment based on a detailed bill of
materials derived from teardowns of the equipment being analyzed. A supplementary method
called a catalog teardown uses published manufacturer catalogs and supplementary component
data to estimate the major physical differences between a piece of equipment that has been
physically disassembled and another piece of similar equipment for which catalog data is
available to determine the cost of the latter equipment.

DOE conducted the engineering analyses using the efficiency-level approach and the
reverse-engineering approach. DOE designated a baseline efficiency level equivalent to the
minimum efficiency allowed by energy conservation standards. DOE set the baseline level
equivalent to the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC and PTHP
equipment, since DOE is required to, at a minimum, adopt the ASHRAE levels as the Federal
standard. (42 U.S.C. (a)(6)(A)(ii)(I1)). DOE set efficiency levels at incremental steps above the
baseline up to the maximum efficiency level that is technologically feasible using current
technologies.

To estimate the manufacturing production costs for equipment at each efficiency level,
DOE reverse engineered a set of PTAC and PTHP equipment that was specifically selected to
represent the range of efficiency levels. This reverse engineering involved the disassembly of
units, analysis of the materials and manufacturing processes, and development of a spreadsheet
cost model based on a clear and consistent manufacturing cost assessment methodology. DOE
built a detailed cost assessment model that accurately estimates the manufacturing production
cost (MPC) associated with producing a specific piece of equipment. The cost model reports
those costs in aggregated form to maintain confidentiality of the data.

The reverse engineering analysis provides an estimated MPC for each PTAC and PTHP
unit considered in the analysis. DOE used the least squares method to develop cost-efficiency
equations for PTAC and PTHP equipment at different capacity levels. These cost-efficiency
equations predict the MPC of a given unit based on its capacity and its rated efficiency. DOE
used the cost-efficiency equations to estimate the incremental cost increases associated with each
efficiency level used in the analysis. This production cost information is an input to the markups
analysis.

2.6 MARKUPS ANALYSIS

DOE uses manufacturer-to-customer markups to convert the manufacturer selling price
(MSP) estimates from the engineering analysis to customer prices, which are then used in the
LCC and PBP analysis and in the manufacturer impact analysis. Retail prices are necessary for
the baseline efficiency level and all other efficiency levels under consideration (see chapter 6 of
this TSD). To develop markups, DOE identified distribution channels (i.e., how the equipment is
distributed from the manufacturer to the customer). After identifying appropriate distribution
channels, DOE utilized economic census data from the U.S. Census Bureau and input from the
industry to define how equipment is marked up from the manufacturer to the customer.
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2.7 ENERGY USE ANALYSIS

The energy use analysis (chapter 7 of this TSD) provides estimates of the annual unit
energy consumption (UEC) of PTAC and PTHP equipment at the considered equipment classes
and efficiency levels. The annual UECs are used in subsequent analyses including the LCC,
PBP, and National Energy Savings (NES). In the 2008 rulemaking for PTAC and PTHP
equipment, DOE used whole-building simulations to determine annual UEC data by cooling
capacity and efficiency rating.® In the current rulemaking, DOE used the data for those
equipment classes and efficiency levels that are the same as the 2008 rulemaking, and adjusted
the data for those equipment classes and efficiency levels that are different from the 2008
rulemaking. Chapter 7 describes the methodology used to adjust the unit energy consumption of
PTAC and PTHP equipment for the current rulemaking. As part of the energy use
characterization, DOE made certain engineering assumptions regarding equipment application,
including how the equipment is operated and under what conditions, and documented these
assumptions in chapter 7 of the TSD.

2.8 LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS

New or amended energy conservation standards for equipment result in a change in
operating costs—usually a decrease—and a change in customer price—usually an increase. DOE
analyzed the net effect of new standards on customers (chapter 8 of this TSD) by evaluating the
net LCC using the cost-efficiency relationship derived in the engineering analysis, as well as the
energy costs derived from the energy use analysis. Inputs to the LCC calculation include the
installed cost to the customer (customer price plus installation cost); operating expenses (energy
expenses and maintenance costs); the lifetime of the equipment; and a discount rate.

Equipment with efficiency higher than baseline typically has a higher installed cost and
lower operating cost relative to baseline equipment. The payback period is the estimated amount
of time (in years) it takes customers to recover the increased total installed cost (including
equipment and installation costs) of a more efficient type of equipment through lower operating
costs. DOE calculates the PBP by dividing the change in total installed cost (normally higher)
due to a standard by the change in annual operating cost (normally lower) that results from the
standard.

DOE conducted the LCC and PBP analyses for the PTAC and PTHP equipment classes
using a spreadsheet model developed in Microsoft Excel. When combined with Crystal Ball (a
commercially available software program), the LCC and PBP model generates a Monte Carlo
simulation to perform the analyses by incorporating uncertainty and variability considerations in
certain of the key parameters as discussed below. Inputs to the LCC and PBP analysis are
categorized as: (1) inputs for establishing the total installed cost and (2) inputs for calculating the
operating expense. Results of the LCC and PBP analyses were applied to other equipment
classes through linear scaling of the results by the cooling capacity of the equipment class.

The equipment costs faced by purchasers of PTAC and PTHP equipment are derived
from the MSPs estimated in the markups analysis. To forecast equipment costs into the future,
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DOE chose to apply a constant price trend (2013 levels) for each efficiency level in each
equipment class for the NOPR. DOE reviewed the Energy Information Administration (EIA)’s
energy price data to establish electricity prices for commercial consumers. DOE used EIA’s
Annual Energy Outlook 2014 (AEO 2014) as the default source of projections of future energy
prices for its LCC and PBP analysis.”

DOE developed discount rates for customers based on the cost of capital, which is
commonly used to estimate the present value of cash flows to be derived from a typical company
project or investment. DOE estimated the cost of capital of companies that purchase PTAC and
PTHP equipment. The types of companies that DOE used are large hotel/motel chains,
independent hotel/motel, assisted living/health care, and small office. More details regarding
DOE’s estimates of customer discount rates are provided in chapter 8 of the TSD.

DOE considered maintenance, repair, and installation costs for the equipment covered in
this rulemaking. For PTACs, DOE utilized estimates of annual maintenance cost from the 2008
rulemaking for PTAC and PTHP equipment; the values were adjusted to current material and
labor rates. For PTHPs, DOE scaled the adjusted estimate of PTAC maintenance costs with the
ratio of PTHP to PTAC annualized maintenance costs. Repair costs are associated with repairing
or replacing components that have failed. DOE utilized manufacturer- and vendor-provider
extended warranty price data to estimate annual repair costs. DOE assumed that any routine or
minor repairs are included in the annualized maintenance costs. Repair costs were linearly scaled
by cooling capacity to apply to all equipment classes.

DOE established average equipment lifetimes for use in the LCC and subsequent
analyses by using data from the previous rulemaking, stakeholder comments from this current
rulemaking, and stakeholder comments from the ASHRAE Standard 90.1-2013 Notice of Data
Availability.”

2.9 SHIPMENTS ANALYSIS

Forecasts of shipments are required to calculate the national impacts of standards on
energy consumption, NPV, and future manufacturer cash flows. DOE used historical data as the
basis for projecting future shipments of PTAC and PTHP equipment (Chapter 9 of this TSD).
Historical shipments data are used to build up an equipment stock and also to calibrate the
shipments model. Based off the equipment stock and calibrated model, DOE calculated
shipments intended for new construction and replacement applications. The sum of new
construction and replacement shipments is the total shipments.

2.10 NATIONAL IMPACT ANALYSIS

The national impact analysis, described in chapter 10 of this TSD, assesses the NPV of
total customer costs and benefits. DOE determined both the NPV and the national energy savings
(NES) for the efficiency levels established for PTAC and PTHP equipment. To make the
analysis more accessible and transparent to all interested parties, DOE used a spreadsheet model
to calculate the energy savings and the national commercial customer costs and savings from
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each TSL. The NIA calculations are based on the annual energy consumption and total installed
cost data from the energy use analysis and the LCC analysis. In the NIA, DOE forecasted the
lifetime energy savings, energy cost savings, equipment costs, and NPV of commercial customer
benefits for each equipment class over the lifetime of PTAC equipment sold during the 30 year
analysis period.

2.10.1 National Energy Savings

The inputs for determining NES are (1) annual energy consumption per unit, (2)
shipments, (3) equipment stock, (4) national energy consumption, and (5) site-to-source
conversion factors. DOE calculated the national energy consumption by multiplying the number
of units, or stock, of equipment (by vintage) by the unit energy consumption (also by vintage).*
DOE calculated national annual energy savings as the difference between national energy
consumption in the base case (without new efficiency standards) and in each higher-efficiency
standards case. The analysis included estimated energy savings by fuel type used for generating
electricity. DOE estimates energy consumption and savings based on site energy, then converts
the electricity consumption and savings into source energy. Cumulative energy savings are the
sum of the annual NES throughout the forecast period.

The stock of PTAC and PTHP equipment is dependent on annual shipments and the
lifetime of the equipment. DOE conducted shipments projections under the baseline efficiency
levels and new standard levels and equipment efficiency trends. DOE’s shipments model
presumed that shipments of new PTACs and PTHPs were driven by growth in commercial floor
space for building types using equipment as well as necessary stock replacements.

2.10.2 Net Present Value

The inputs for determining NPV are (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 calculated NPV as the difference between total operating-cost savings (including
electricity, repair, and maintenance cost savings) and increases in total installed costs (including
equipment price and installation cost). DOE calculated savings over the life of the equipment,
accounting for differences in yearly energy rates, and used a discount factor to discount future
costs and savings to the present.

DOE calculated increases in total installed costs as the product of the difference in the
total installed cost between the baseline efficiency level and new standard levels (i.e., once the
amended energy conservation standard takes effect) and the annual shipments in the standards
case. Because costs of the more-efficient equipment bought in the standard cases are higher than
those of equipment bought 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 bought under the new standards compared to the

! Vintage represents the age of the equipment.
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baseline efficiency level. Total operating-cost savings are the product of savings per unit and the
number of units of each vintage surviving in a particular year.

2.10.3 Forecasted Efficiencies

Several of the inputs for determining NES (e.g., annual energy consumption per unit) and
NPV (e.g., total annual installed cost and total annual operating cost savings) depend on the
efficiency of the equipment. Thus, DOE forecasted efficiencies for the base case and standards
cases. The forecasted efficiencies specify the annual average shipment-weighted equipment
efficiencies for future years.

DOE based historical shipment-weighted average efficiency trends for PTAC and PTHP
equipment on limited PTAC and PTHP efficiency data. Once DOE established historical
efficiency trends, it estimated future trends of equipment efficiency, and in turn, annual energy
consumption by extrapolating from the historical trend.

DOE based its standards-case forecasts (i.e., forecasts of efficiency trends after standards
take effect) on the use of a roll-up efficiency scenario and parallel growth trend. Under a roll-up
scenario, all equipment at energy efficiency levels below a prospective standard are moved or
rolled-up to the minimum efficiency level allowed under the new standard. The distribution of
equipment at new standard levels is unaffected (i.e., this equipment remains at its pre-standard
efficiency levels). The roll-up efficiency scenario dictates how DOE determined efficiency
distributions in the first year a new standard takes effect, but does not define how equipment
efficiency will be distributed in the future. Under the parallel growth trend, DOE assumes that
the standards case efficiency trend parallels the base case efficiency trend. In other words, the
initial jump in shipment-weighted efficiency that occurs when the standard first becomes
effective is maintained throughout the forecast.

2.11 CUSTOMER SUB-GROUP ANALYSIS

The customer sub-group analysis evaluates the potential impacts of new or amended
standards on commercial customers, DOE evaluates impacts on identifiable groups (i.e.,
subgroups) of customers that may be disproportionately affected by a national standard.

DOE evaluated impacts on a subgroup consisting of independently-operating lodging businesses
using the LCC and PBP spreadsheet model. To the extent possible, it utilized inputs appropriate
for this subgroup. Chapter 11 of this TSD describes the sub-group analysis for customers of
PTAC and PTHP equipment.

2.12 MANUFACTURER IMPACT ANALYSIS

The manufacturer impact analysis (MIA) assesses the impacts of new energy efficiency
standards on manufacturers of PTAC and PTHP equipment. Potential impacts include financial
effects, both quantitative and qualitative, that might lead to changes in the manufacturing
practices for the equipment. DOE identifies those potential impacts through interviews with
manufacturers and other interested parties.
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As described in chapter 12 of this TSD, DOE conducted the MIA for the covered
equipment in three phases, and further tailored the analytical framework based on stakeholder
comments. In Phase I, DOE conducted structured, detailed interviews with a representative
cross-section of manufacturers and prepared a profile of the PTAC and PTHP industry. In Phase
I, DOE prepared an industry cash-flow analysis to quantify the potential impacts of an amended
energy conservation standard on manufacturers of PTACs and PTHPs. In Phase 11l, DOE
evaluated subgroups of manufacturers that may be disproportionately impacted by amended
energy conservation standards or that may not be represented accurately by the average cost
assumptions used to develop the industry cash-flow analysis.

2.13 EMISSIONS ANALYSIS

In the emissions analysis, DOE estimated the reduction in power sector emissions of
carbon dioxide (CO,), nitrogen oxides (NOXx), sulfur dioxide (SO,), and mercury (Hg) from
potential energy conservation standards for PTAC and PTHP equipment. In addition, DOE
estimates emissions impacts in production activities (extracting, processing, and transporting
fuels) that provide the energy inputs to power plants. These are referred to as “upstream”
emissions. Together, these emissions account for the full-fuel-cycle (FFC).

As described in chapter 13 of this TSD, the primary environmental effects of the
standards will be reduced power plant emissions resulting from reduced consumption of
electricity. Emissions reductions associated with new standards for PTAC and PTHP equipment
pertain primarily to CO,, NOx, and Hg. After estimating emissions reductions, DOE monetized
the benefits associated with those reductions, as summarized below.

2.14 MONETIZING CARBON DIOXIDE AND OTHER EMISSIONS
REDUCTIONS

DOE estimated the monetary benefits likely to result from the reduced emissions of CO,
and NOx that are expected to result from each potential standard level. The monetization of the
benefits of emissions reductions is described in chapter 14 of this TSD. DOE is aware of
multiple agency efforts to determine the range of values appropriate to evaluating the potential
economic benefits of reduced Hg emissions, and DOE is evaluating how to appropriately
monetize avoided SO, and Hg emissions in energy conservation standards rulemakings. For this
rulemaking, DOE did not monetize estimated SO, and Hg reductions.

To carry out this analysis, DOE used a variant of the EIA’s National Energy Modeling
System (NEMS). NEMS is a large, multi-sector, partial-equilibrium model of the U.S. energy
sector that EIA has developed throughout the past decade, primarily to help in preparing the
AEO. NEMS, which is available in the public domain, produces a widely recognized baseline
energy forecast for the United States, currently through 2040. Typical NEMS outputs include
forecasts of electricity sales, electricity price, and avoided electric generating capacity. DOE uses
a variant of NEMS known as NEMS-BT to provide key inputs to its analysis.?

% For more information on NEMS, refer to the U.S. Department of Energy, Energy Information Administration
documentation. A useful summary is National Energy Modeling System: An Overview 2000, DOE/EIA-
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Carbon Dioxide

In order to estimate the monetary value of benefits resulting from reduced CO,
emissions, DOE used the most current values for the social cost of carbon (SCC) developed
and/or agreed to by an interagency work group and adjusted to 2014$ using the implicit price
deflator for gross domestic product (GDP) from the Bureau of Economic Analysis. The SCC is
intended to serve as a monetary measure of the incremental damage resulting from greenhouse
gas (GHG) emissions, including, but not limited to, net loss of agricultural productivity, human
health effects, property damage from sea level rise, and changes in ecosystem services. 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 analysis, the most recent interagency estimates of the potential global
benefits resulting from reduced CO; emissions in 2015, expressed in 2014$, were $12.2, $41.2,
$63.4, and $121 per metric ton avoided.® Those values increase 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 calculate domestic effects, although DOE
gives preference to consideration of the global benefits of reduced CO, emissions. To calculate a
present value of the range of monetary values, DOE discounted each of the four SCC values
using the discount rate that was used to obtain the SCC value in that case. Those values are
subject to change as the scientific and economic knowledge continues to evolve rapidly
regarding the contribution of CO, and other GHGs to changes in the future global climate and
the potential resulting damages to the world economy.

In the absence of any Federal 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 were estimated using NEMS-BT and national energy savings 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 that include broad
coverage of all sectors and interactive effects.

Nitrogen Oxides
DOE also estimated the cumulative monetary value of the economic benefits associated

with NOx emissions reductions anticipated to result from amended standards for PTACs and
PTHPs. Estimates of monetary value for reducing NOx from stationary sources range from $483

0581(2000), March 2000. EIA approves use of the name NEMS to describe only an official version of the model
without any modification to code or data. Because DOE's analysis entails minor code modifications, and the
model is run under various policy scenarios that are variations on EIA assumptions, DOE refers to the model as
NEMS-BT (BT stands for DOE’s Building Technologies Program, under whose aegis this work is performed).
NEMS-BT previously was called NEMS-BRS.

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

based on the average SCC from the three IAMs, at discount rates of 2.5, 3, and 5 percent. The fourth set, which
represents the 95th percentile SCC estimate across all three models at a 3-percent discount rate, was included to
represent higher than expected impacts from temperature change further out in the tails of the SCC distribution.
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to $4,969 per ton in 2014$.* DOE calculated monetary benefits using a medium value for NOx
emissions of $2,727 per short ton (in 2014$), and real discount rates of 3 percent and 7 percent.

DOE has taken into account how amended energy conservation standards would reduce
site NOx emissions nationwide and increase power sector NOx emissions in those 22 States not
affected by the Clean Air Interstate Rule (CAIR; 70 FR 25162 (May 12, 2005)).> DOE estimated
the monetized value of net NOx emissions reductions resulting from each of the efficiency levels
considered based on estimates found in the relevant scientific literature.

2.15 UTILITY IMPACT ANALYSIS

The utility impact analysis (chapter 15 of this TSD) assesses the effects of higher
efficiency standards on electric utility industries. DOE uses NEMS-BT to provide key inputs to
its analysis. DOE conducted the utility impact analysis as a scenario departing from the latest
AEOQ reference case. In other words, DOE modeled the energy savings from amended energy
conservation standards using NEMS-BT to generate forecasts that deviate from the AEO
reference case. Chapter 15 of the NOPR TSD describes the utility impact analysis in further
detail.

2.16 EMPLOYMENT IMPACT ANALYSIS

Energy conservation standards can affect employment both directly and indirectly. Direct
employment effects are changes, resulting from the imposition of new standards, in the number
of employees at the plants that produce covered equipment and at affiliated distribution and
service companies. DOE evaluates direct employment impacts in the MIA. Indirect employment
impacts may result if the imposition of standards causes expenditures to shift between goods (the
substitution effect) and/or create changes in income and overall expenditure levels (the income
effect).

As discussed in chapter 16 of this TSD, DOE investigated indirect employment impacts
for PTAC and PTHP energy conservation standards using the Impact of Sector Energy
Technologies (IMSET) model developed by Pacific Northwest National Laboratory (PNNL).
PNNL developed the INSET model for DOE’s Office of Planning, Budget, and Analysis. The
model estimates the employment and income effects of energy-saving technologies in buildings,
industry, and transportation. In comparison with simple economic multiplier approaches, INSET

* For additional information, refer to U.S. Office of Management and Budget (OMB)-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, D.C.

® CAIR established a cap on NOx emissions in 28 eastern States and the District of Columbia. Energy conservation
standards are expected to have little effect on NOx emissions in those States covered by CAIR because excess
NOx emissions allowances resulting from the lower electricity demand could be used to permit offsetting
increases in NOx emissions. However, standards would be expected to reduce NOx emissions in the States not
affected by the caps, so DOE estimated NOx emissions reductions from the standards considered in this NOPR for
these States.
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allows for more complete and automated analysis of the economic effects of energy conservation
investments.

2.17 REGULATORY IMPACT ANALYSIS

Pursuant to Executive Order 12866 (“Regulatory Planning and Review,” October 4,
1993. 58 FR 51735), DOE prepared a regulatory impact analysis (RIA), which was subject to
review under the Executive Order by the Office of Information and Regulatory Affairs at the
Office of Management and Budget. The RIA, described in chapter 17 of this TSD, evaluated the
ability of non-regulatory alternatives to standards to achieve significant energy savings at a
reasonable cost, and compared the effectiveness of each to the effectiveness of the new
standards.

DOE recognizes that voluntary or other non-regulatory efforts by manufacturers, utilities,
and other interested parties can result in substantial improvements to energy efficiency or
reductions in energy consumption. DOE considered the likely effects of non-regulatory
initiatives on equipment energy use, customer utility, and LCC. Although DOE based its
assessment on the documented effects of similar initiatives to date, it also considered information
regarding the effects current initiatives might have in the future.
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CHAPTER 3. MARKET AND TECHNOLOGY ASSESSMENT

3.1 INTRODUCTION

This chapter details the market and technology assessment that the U.S. Department of
Energy (DOE) has conducted in support of the ongoing energy conservation standards
rulemaking for packaged terminal air conditioners (PTACSs) and packaged terminal heat pumps
(PTHPs). The goal of the assessment is to develop a qualitative and quantitative characterization
of the PTAC and PTHP industry and market structure based on publicly available information
and data and information submitted by manufacturers and other stakeholders. Publicly available
information includes the equipment certification directory from the Air-Conditioning, Heating,
and Refrigeration Institute® (AHRI), as well as Current Industry Reports (CIR) from the U.S.
Census Bureau.

This chapter first defines the PTAC and PTHP equipment that is the subject of this
rulemaking (section 3.2), divides the equipment into equipment classes (3.3), and describes the
metrics and test procedures that are used to characterize PTAC and PTHP equipment (3.4).
Next, the chapter defines the equipment producers by discussing trade groups (3.5),
manufacturers and market shares (3.6), and the regulatory programs (3.7) and voluntary
programs (3.8) to which they may adhere. Then the chapter describes the market by discussing
shipment data (3.9) and characterizing the market for different equipment types (3.10). The
chapter closes with a technology assessment (3.11) that presents a preliminary list of
technologies (referred to as technology options) that may improve the energy efficiency of
PTACs and PTHPs.

3.2 EQUIPMENT DEFINITIONS

Section 340 of the Energy Policy and Conservation Act (EPCA) defines a “packaged
terminal air conditioner” as “a wall sleeve and a separate unencased combination of heating and
cooling assemblies specified by the builder and intended for mounting through the wall. It
includes a prime source of refrigeration, separable outdoor louvers, forced ventilation, and
heating availability by builder's choice of hot water, steam, or electricity.” (42 U.S.C.
6311(10)(A)) EPCA defines a “packaged terminal heat pump” as “a packaged terminal air

% The Air-Conditioning, Heating, and Refrigeration Institute (AHRI), formerly referred to as AR, is the trade
association representing PTAC and PTHP manufacturers.



conditioner that utilizes reverse cycle refrigeration as its prime heat source and should have
supplementary heat source available to builders with the choice of hot water, steam, or electric
resistant heat.” (42 U.S.C. 6311(10)(B)) DOE codified these definitions in 10 CFR 431.92 in a
final rule issued October 21, 2004. 69 FR 61970.

PTACs and PTHPs are self-contained heating and air-conditioning units encased inside a
sleeve specifically designed to go through the exterior building wall. The basic design of a
PTAC is comprised of a compressor, an evaporator, a condenser, a fan, and an enclosure. Basic
PTHPs feature additional items to those found in PTACS, such as more sophisticated metering
devices, a reversing valve, and more sophisticated controls. All manufacturers offer PTACs and
PTHPs with supplemental heating, with some offering a variety of add-on options. PTACs and
PTHPs are installed by insertion into the wall sleeve and connection to an electrical outlet. They
are primarily used to provide space conditioning for commercial facilities such as hotels and
motels, assisted living facilities, hospitals, apartments, dormitories, schools, and offices.

There is a wide variety of wall sleeve sizes found in different buildings. These wall
sleeve sizes are market driven (i.e., the applications or facilities where the PTACs or PTHPs are
installed is what determines the “market standard” wall sleeve dimension) and require
manufacturers to offer various PTACs and PTHPs that can fit into various wall sleeve
dimensions. For new units, the industry has standardized the wall sleeve dimension for PTACs
and PTHPs in buildings over the past 25 years to be 16 inches high by 42 inches wide. Units that
have a wall sleeve dimension of 16 inches high or greater by 42 inches wide or greater are
considered “standard size” equipment and all other units are considered “non-standard size”
equipment. In contrast, the industry does not have a common wall sleeve dimension that is
typical for all older existing facilities. These facilities, such as high-rise buildings found in large
cities, typically use non-standard size equipment. In these installations, altering the existing wall
sleeve opening to accommodate the more efficient, standard size equipment could include
extensive structural changes to the building, could be very costly, and is therefore rarely done.

3.3 EQUIPMENT CLASSES

When evaluating and establishing energy conservation standards, DOE divides covered
equipment into equipment classes by the type of energy used or by capacity or other
performance-related features that justify a different standard. In making a determination whether
a performance-related feature justifies a different standard, DOE considers such factors as the
utility to the customer of the feature and other factors DOE determines are appropriate.

The current equipment classes as established in the final rule issued on October 7, 2008,
divide PTAC and PTHP equipment into twelve equipment classes. 73 FR 58772 (October 7,
2008) Equipment classes are based on whether the equipment is an air conditioner or heat pump,
the equipment’s cooling capacity, and the equipment’s wall sleeve dimensions. There are two
categories of wall sleeve dimensions: “standard size” with wall sleeve dimensions greater than or
equal to 16 inches high or greater than or equal to 42 inches wide; and “non-standard size” with
wall sleeve dimensions less than 16 inches high or less than 42 inches wide. Table 3.3.1 shows
the current equipment class structure.
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Table 3.3.1 Existing Federal Equipment Classes for PTACs and PTHPs
Equipment Class

Equipment Category Cooling Capacity

<7,000 Btu/h
. x >7,000 Btu/h and

Standard Size <15.000 Btw/h

PTAC >15,000 Btu/h

<7,000 Btu/h
>7,000 Btu/h and

<15,000 Btu/h

>15,000 Btu/h

Non-Standard Size™

<7,000 Btu/h
>7,000 Btu/h and
<15,000 Btu/h
>15,000 Btu/h
<7,000 Btu/h
>7,000 Btu/h and
<15,000 Btu/h
>15,000 Btu/h

Standard Size”

PTHP

Non-Standard Size™

" Standard size refers to PTAC or PTHP equipment with wall sleeve dimensions having an external wall opening
greater than or equal to 16 inches high or greater than or equal to 42 inches wide, and a cross-sectional area greater
than or equal to 670 square inches.

™ Non-standard size refers to PTAC or PTHP equipment with existing wall sleeve dimensions having an external
wall opening of less than 16 inches high or less than 42 inches wide, and a cross-sectional area less than 670 square
inches.

DOE is not considering amended energy conservation standards for non-standard size
PTAC and PTHP equipment in this rulemaking, because the non-standard size equipment classes
represent a small and declining portion of the market, and because of a lack of adequate
information to analyze non-standard size units. The shipments analysis conducted for the 2008
final rule projected that shipments of non-standard size PTACs and PTHPs would decline from
about 30,000 units in 2012 (6.6% of the entire PTAC and PTHP market) to about 16,000 units in
2042 (2.4% of the entire PTAC and PTHP market).”

b See DOE’s discussion regarding shipment projections for standard and non-standard PTAC and PTHP equipment
and the results of shipment projections in the technical support document for the 2008 PTAC and PTHP energy
conservation standard at: http://www.regulations.gov/#!documentDetail;D=EERE-2007-BT-STD-0012-0032
(Chapter 10, Section 10.5).
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Some manufacturers have introduced PTACs on the market that incorporate a ventilation
system attachment that takes in make-up air and provides supplemental conditioning for this
make-up air: dehumidification when outdoor humidity levels are high and also electric resistance
heating when outdoor temperature is low. DOE believes that PTAC and PTHP units with add-on
or integrated dehumidification systems currently meet the definition of PTACs and PTHPs,
respectively. Thus, models with add-on or integrated dehumidification systems should be tested
using the current test procedure and should meet the current energy conservation standards.
Currently, the DOE test procedure does not require that the dehumidification module on such
models be energized during testing, so the energy use of the dehumidification system would not
be measured or accounted for in the EER metric. If DOE considers future amendments to the
test procedure to account for energy consumed by the dehumidification systems, then DOE could
consider designating a separate equipment class for such equipment at that time.

3.4 ENERGY USE METRIC AND EQUIPMENT TEST PROCEDURES

The energy conservation standards for PTACs and PTHPs are represented in terms of the
energy efficiency ratio (EER) and the coefficient of performance (COP) as defined by the AHRI
Standard 310/380-2014 Standard for Packaged Terminal Air-Conditioners and Heat Pumps
(AHRI 310/380-2014) test procedure. EER is defined as “the ratio of the produced cooling effect
of an air conditioner or heat pump to its net work input, expressed in Btu/watt-hour.” COP is
defined as “the ratio of the produced cooling effect of an air conditioner or heat pump (or its
produced heating effect, depending on the mode of operation) to its net work input, when both
the cooling (or heating) effect and the net work input are expressed in identical units of
measurement.” DOE has incorporated these definitions and test procedures into its regulations at
10 CFR Part 431.92 and 10 CFR Part 431.96, respectively.

3.5 MANUFACTURER TRADE GROUPS

DOE identified the Air-Conditioning, Heating, and Refrigeration Institute (AHRI) as the
only trade group that supports, or has an interest in, the PTAC and PTHP industry. Formed in
1953, AHRI, previously known as ARI, is the national trade association representing
manufacturers of more than 90 percent of North American produced central air-conditioning and
commercial refrigeration equipment. ARI and the Gas Appliance Manufacturers Association
(GAMA) merged to become AHRI on January 1, 2008.

AHRI develops and publishes technical standards for residential and commercial air-
conditioning, heating, and refrigeration equipment using rating criteria and procedures for
measuring and certifying equipment performance. The current Federal test procedure for PTACs
and PTHPs incorporates by reference an AHRI standard, AHRI 310/380-2004. AHRI has
developed a certification program that a number of manufacturers in the PTAC and PTHP
industry have used to certify their equipment. Manufacturers certify their own equipment by
providing AHRI with test data. Through the AHRI certification program, AHRI evaluates test
data, determines if equipment conforms to AHRI 310/380-2004, and verifies that manufacturer-
reported ratings are accurate. AHRI also maintains the Directory of Certified Product
Performance, which is a database of equipment ratings for all manufacturers who elect to



participate in the program. DOE used AHRI’s certification data, retrieved from the 2014 AHRI
Directory of Certified Product Performance, in the engineering analysis (chapter 5 of this
Technical Support Document (TSD)).

3.6 MANUFACTURER INFORMATION

The following section details information regarding manufacturers of PTAC and PTHP
equipment, including estimated market shares (section 3.6.1) and small businesses (section
3.6.2).

3.6.1 Manufacturers and Market Shares

DOE identified three large manufacturers of standard size PTAC and PTHP equipment
that hold approximately 80 percent of the standard size market in terms of shipments. Table
3.6.1 shows these manufacturers.

Table 3.6.1 Large Manufacturers of Standard Size PTACs and PTHPs

General Electric (GE) Company

Goodman Manufacturing Company®

Friedrich Air Conditioning Company

Ten other manufacturers, listed in Table 3.6.2, hold the remaining 20 percent of the standard size
PTAC and PTHP market.

¢ Goodman Manufacturing Company brands its PTAC and PTHP equipment under the Amana name, a trademark of
the Maytag Corporation. More information about the company can be found at http://www.amana-ptac.com.



Table 3.6.2 Other Manufacturers of Standard Size PTACs and PTHPs

Daikin Applied®

E-Air, LLC

ECR International®

Electrolux Home Products, Inc.

Fedders Islandaire, Inc.

GREE Electric Appliances of Zhuhai

Haier America

Heat Controller, Inc.

LG Electronics

YMGI Group, LLC

DOE estimated market share data for standard size PTAC and PTHP manufacturers using
publicly available data including the Securities and Exchange Commission (SEC) 10-K reports
filed by publicly owned manufacturers and from stakeholder input. Market share data has been
aggregated for this report to avoid disclosing confidential company data.

The standard size PTAC and PTHP market differs from the non-standard size PTAC and
PTHP industry in that several of the manufacturers of standard size units are domestically owned
with manufacturing facilities located outside of the United States. (In contrast, most non-standard
size PTAC and PTHP production occurs in the United States.) Currently there is only one major
manufacturer of standard size PTAC and PTHP equipment manufacturing equipment in the
United States. Several foreign-owned companies have recently entered the U.S. market for
standard-sized PTACs and PTHPs.

DOE identified three major manufacturers of non-standard size PTAC and PTHP
equipment: Daikin Applied, ECR International, and Fedders Corporation'. These three
manufacturers share the majority of the non-standard size PTAC and PTHP market. Other
manufacturers of non-standard size units include: Air-Con International, Cold Point Corporation,
Comitale National Inc., E-Air LLC, Evergreen LLC, Heat Controller Inc., Ice Air LLC,

¢ Daikin Applied (formally McQuay International) is a subsidiary of Daikin Industries, Ltd. More information about
the company can be found at http://www.daikinapplied.com.

¢ ECR International brands its PTAC and PTHP equipment under the RetroAire brand name. More information
about the company can be found at http://www.retroaire.com.

" Fedders Corporation brands its non-standard PTAC and PTHP equipment under the Fedders Islandaire brand name.
More information about the company can be found at http://www.islandaire.com.
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International Refrigeration Products, Prem Sales LLC, Simon-Aire Inc., and YMGI Group LLC.
Market share data for non-standard size PTAC and PTHP manufacturers was estimated using
publicly available data including the SEC 10-K reports filed by publicly owned manufacturers.

Table 3.6.3 shows current AHRI members that manufacture PTACs and PTHPs, with
parent companies shown in parentheses, if applicable. These member companies offer equipment
certified under AHRI’s PTAC and PTHP certification program.

Table 3.6.3 PTAC and PTHP Manufacturers: AHRI Members

Daikin Applied (Daikin Industries) EAIR, LLC

ECR International, Inc. Friedrich Air Conditioning Company
Goodman Manufacturing Company GREE Electric Appliances of Zhuhai
Haier America LG Electronics

Source: These PTAC and PTHP manufacturers were listed as of July 2014 at
http://www.ahrinet.org/site/661/About-Us/AHRI-Members

Manufacturers are able to certify their equipment under AHRI’s PTAC and PTHP
certification program without being members of AHRI. The companies that are not AHRI
members use AHRI and ASHRAE test procedures and standards to rate the performance of their
equipment. Table 3.6.4 shows a list of manufacturers that certify PTACs and PTHPs under
AHRI’s PTAC and PTHP certification program but are not members of AHRI.

Table 3.6.4 PTAC and PTHP Manufacturers: Non-AHRI Members with AHRI-Certified

Equipment
Air-Con International Cold Point Corporation
Comitale National, Inc. Electrolux Home Products, Inc.
Evergreen, LLC Fedders Islandaire, Inc.
General Electric (GE) Company Heat Controller, Inc.
Ice Air, LLC YMGI Group, LLC

3.6.2 Small Businesses

DOE considered the possibility that energy conservation standards for PTACs and
PTHPs could adversely affect small businesses. For manufacturers of PTACs and PTHPs, the
Small Business Administration (SBA) has set a size threshold, which defines those entities
classified as “small businesses.” DOE used the SBA’s small business size standards to determine
whether any small entities would be subject to the requirements of the rule. 65 FR 30836, 30848
(May 15, 2000), as amended at 65 FR 53533, 53544 (Sept. 5, 2000) and codified at 13 CFR part
121. The size standards are listed by North American Industry Classification System (NAICS)
code and industry description and are published by the SBA. Manufacturing of PTACs and
PTHPs is classified under NAICS 333415, “Air-Conditioning and Warm Air Heating Equipment
and Commercial and Industrial Refrigeration Equipment Manufacturing.” The SBA sets a
threshold of 750 employees or less for an entity to be considered as a small business for this
category.



DOE studied the potential impacts on these small businesses in detail during the
manufacturer impact analysis, which was conducted as a part of the notice of proposed
rulemaking (NOPR) analysis. DOE initially identified 22 companies that sell PTAC and PTHP
equipment that would be affected by today’s proposal. Of these 22 companies, DOE identified
12 as small businesses. Of the 12 small businesses contacted, DOE was able to reach and
discuss potential standards with two. DOE also obtained information about small businesses and
potential impacts on small businesses while interviewing large manufacturers.

Within the PTAC and PTHP industry, DOE did not identify any small businesses that are
original equipment manufacturers (OEMSs) of equipment covered under this rulemaking. Rather,
small businesses tend to import, rebrand, and distribute PTACs and PTHPs manufactured
overseas, primarily in China. Some small businesses identified are original equipment
manufacturers of non-standard size PTACs and PTHPs; however, non-standard equipment are
not impacted by this rulemaking and therefore are not considered in this small business subgroup
analysis. Chapter 12 of this TSD contains more details regarding the manufacturer impact
analysis.

3.7 REGULATORY PROGRAMS

The following section details current regulatory programs mandating energy conservation
standards for PTACs and PTHPs. Section 3.7.1 discusses current Federal energy conservation
standards; section 3.7.2 discusses ASHRAE’s energy conservation standards; and section 3.7.3
provides an overview of existing State standards. Sections 3.7.4 and 3.7.5 review standards in
both Canada and Mexico that may affect the companies servicing the North American market.

3.7.1 Current Federal Energy Conservation Standards

For PTAC and PTHP equipment, the last final rule issued by DOE was on October 7,
2008, which codified the amended standards and separated PTAC and PTHP equipment classes
into sub-categories of standard size equipment and non-standard size equipment. 73 FR 58772
The current standards are shown in Table 3.7.1.



Table 3.7.1 Current Federal Energy Conservation Standards for PTACS and PTHPs

Equipment Class Compliance
Equipment Sub- Cooling Efficiency Level D%te
Type Category Capacity
<7,000 Btu/h EER =117 Oct. 8, 2012
Standard | >7,000 Btu/h and _ ; Oct. 8, 2012
Size” 15000 Brwh | EER =138~ (0.300x Cap)
PTAC >15,000 Btu/h EER =9.3 Oct. 8, 2012
Nor- <7,000 Btu/h EER =94 Oct. 7, 2010
>7,000 Btu/h and _ ; Oct. 7, 2010
Stsair;(igrd <15.000 Btwh EER =10.9 - (0.213 x Cap")
>15,000 Btu/h EER=7.7 Oct. 7, 2010
EER=11.9 Oct. 8, 2012
<7,000 Btu/h COP =33
Standard | >7,000 Btw/h and | EER =14.0 - (0.300 x Cap") Oct. 8, 2012
Size <15,000 Btu/h COP =3.7 - (0.052 x Cap")
>15.000 Btu/h EER i 9.5 Oct. 8, 2012
PTHP COP =29
<7 000 Btu/h EER=9.3 Oct. 7, 2010
Nor- ' COP =27
Standard >7,000 Btu/h and | EER =10.8 - (0.213 x Cap) Oct. 7, 2010
Size™ <15,000 Btu/h COP =2.9 - (0.026 x Cap"
EER=7.6 Oct. 7, 2010
>15,000 Btu/h COP =25

* Standard size refers to PTAC or PTHP equipment with wall sleeve dimensions greater than or equal to 16 inches
high, or greater than or equal to 42 inches wide.

** Non-standard size refers to PTAC or PTHP equipment with wall sleeve dimensions less than 16 inches high and
less than 42 inches wide.

" Cap means cooling capacity in kBtu/h at 95°F outdoor dry-bulb temperature.

3.7.2 ASHRAE Energy Conservation Standards for PTACs and PTHPs

On October 9, 2013, ASHRAE adopted ANSI/ASHRAE/IES Standard 90.1-2013, which
increased ASHRAE efficiency standards for standard size PTAC equipment to be equal to
efficiency standards for standard size PTHP equipment. Table 3.7.2 shows the efficiency levels
in ANSI/ASHRAE/IES Standard 90.1-2013 for PTACs and PTHPs.



Table 3.7.2 ANSI/ASHRAE/IES Standard 90.1-2013 Energy Efficiency Levels for PTACs
and PTHPs

Equipment Class . -
Equipment | Category Cooling Capacity Minimum Efficiency
<7,000 Btu/h EER =11.9
Standard >7,000 Btu/h and _ :
Size" <15.000 Btu/h EER =14.0 — (0.300 x Cap/1000"
>15,000 Btu/h EER =95
PTAC No- <7,000 Btu/h EER=94
>7,000 Btu/h and _ +
Sgaig(:grd <15.000 Btwh EER =10.9 — (0.213 x Cap/1000"
>15,000 Btu/h EER=77
EER =11.9
<7,000 Btu/h COP = 3.3
Standalrd >7,000 Btu/h and EER = 14.0 — (0.300 x Cap/1000"
Size <15,000 Btu/h COP = 3.7 — (0.052 x Cap/1000"
>15,000 Btu/h EER =95
COP =29
PTHP EER=9.3
o <7,000 Btu/h COP =27
Standard >7,000 Btu/h and EER =10.8 — (0.213 x Cap/1000"
Size™ <15,000 Btu/h COP = 2.9 — (0.026 x Cap/1000"
128 EER = 7.6
>15,000 Btu/h COP =25

* Standard size refers to PTAC or PTHP equipment with wall sleeve dimensions greater than or equal to 16 inches
Digh, or greater than or equal to 42 inches wide.

Non-standard size refers to PTAC or PTHP equipment with wall sleeve dimensions less than 16 inches high and
less than 42 inches wide.
" Cap means cooling capacity in Btu/h at 95°F outdoor dry-bulb temperature.

3.7.3 State Energy Conservation Standards

DOE recognizes that pursuant to EPCA, states may petition to have more stringent energy
conservation standards than those codified into law by DOE (see 42 U.S.C. 6297(d)). DOE has
not yet granted a petition to any state to establish more stringent energy conservation standards
than the levels established by EPCA for PTACs and PTHPs.

3.7.4 Canadian Energy Conservation Standards

The Natural Resources Canada Office of Energy Efficiency regulation mandates
minimum energy conservation standards for PTACs and PTHPs. These standards apply to
factory-assembled PTACs and PTHPs intended for use in residential, commercial, and industrial
heating and cooling systems.® The current standards went into effect November 15, 2006, and
are shown in Table 3.7.3. The Canadian energy conservation standards for standard size PTACs
and PTHPs are less stringent than the current U.S. standards for standard size PTACs and
PTHPs. The Canadian energy conservation standards for non-standard size PTACs and PTHPs
are identical to the current U.S. standards for non-standard size PTACs and PTHPs.
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Table 3.7.3 Canadian Energy Conservation Standards for PTACS and PTHPs

Equipment Type Minimum Efficiency Ratio

PTAC EER New Construction (cooling)* %1255'_((()(')Zzlf’sxxcsgr/jfgd%));

10.9 - (0.213 x cap/293.1)

PTAC EER Replacement (cooling) (10.9 - (0.213 X cap/1000))

12.3 - (0.213 x cap/293.1)

PTHP EER New Construction (cooling) (12.3 - (0.213 X cap/1000))

10.8 - (0.213 x cap/293.1)

PTHP EER Replacement (cooling) (10.8 - (0.213 X cap/1000))

3.2 - (0.026 x cap/293.1)

PTHP COP New Construction (heating)** (3.2 - (0.026 X cap/1000))

PTHP COP Replacementtt (heating) (22%((%%2221‘;1%//21%%3)))

*EER = Energy efficiency ratio — a ratio calculated by dividing the cooling capacity in Btu per hour by the power
input in watts at any given set of rating conditions

**COP =Coefficient of performance — a ratio for both the cooling and heating modes calculated by dividing the
capacity expressed in watts by the power input in watts, excluding any supplementary heat

tcap = The rated cooling capacity in watts (upper formula) or Btu/h (lower formula).

tTReplacement units are to be labeled according to the requirements of CAN/CSA C744-04

3.7.5 Mexican Energy Conservation Standards

Although Mexico has minimum energy conservation standards for air conditioners and
heat pumps in general, it currently does not have minimum energy conservation standards for
PTACs and PTHPs.

3.8 VOLUNTARY PROGRAMS
3.8.1 ENERGY STAR

ENERGY STAR,? a voluntary labeling program backed by the U.S. Environmental
Protection Agency (EPA) and DOE, identifies energy-efficient products through a qualification
process. To qualify, a product must exceed Federal minimum standards by a specified amount,
or, if no Federal standard exists, must exhibit selected energy saving features. The ENERGY
STAR program recognizes the top quartile of products on the market, meaning that

9 More information regarding the ENERGY STAR program is at www.energystar.gov.
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approximately 25 percent of equipment on the market meet or exceed the ENERGY STAR
levels. PTACs do not qualify for ENERGY STAR under the room air conditioner criteria, and
there are currently no plans to develop ENERGY STAR criteria for PTACs and PTHPs.?

3.8.2 Rebate Programs

DOE has identified and reviewed various local utility rebate programs. These include the
Platte River Power Authority (PRPA), Xcel Energy Cooling Efficiency Rebate Program,
Modesto Irrigation District MPower Business Rebate Program, Shakopee Public Utilities Energy
Efficiency Incentive Program, CPS Energy Savers Commercial Rebate Program, and the
Southern California Edison (SCE) Multifamily Energy Efficiency Rebate Program.

Platte River Power Authority (PRPA), an organization that generates and delivers
electricity to its owner communities of Estes Park, Fort Collins, Longmont and Loveland,
Colorado, offers customers cash rebates for upgrading standard and non-standard size PTACs
and PTHPs to energy-efficient units through its Efficiency Works Rebate Program. The rebate
includes all cooling capacities of PTACs that achieve or exceed 11.0 EER.?

Xcel Energy promotes the installation of energy-efficient equipment through the Cooling
Efficiency Rebate Program. Rebates are available to the utility’s commercial customers. Under
this program, commercial business with PTACSs can receive a base payment of $65 per ton for
units rated at 11.0 EER and $5 per ton for every incremental increase of 0.1 EER above base
requirements. *

Modesto Irrigation District’s MPower Business Rebate Program offers commercial,
industrial, and agricultural customers cash rebates for the purchase and installation of energy-
efficient standard and non-standard size PTACs and PTHPs. Cash rebates of $75 per unit are
available for units that meet minimum efficiency requirements, which vary by capacity. Units
with capacity less than or equal to 7,000 Btu/h must meet a minimum 11.29 EER; units with
capacity between 7,000 and 24,000 Btu/h must meet a minimum 10.27 EER.?

Shakopee Public Utilities promotes installation of energy-efficient equipment through the
Commercial and Industrial Energy Efficiency Rebate Program. Rebates are available to the
utility’s commercial customers. Under this program, commercial and industrial businesses
installing PTACs and PTHPs can receive a rebate of $45 per ton of capacity for units that meet
or exceed the minimum cooling efficiency, which is calculated using the equation below.®

Cooling Capacity (%)
1000

Minimum Efficiency (EER) = 12.8 —| 0.213 X

CPS Energy, the Nation’s largest municipally owned energy company, offers rebates for
energy-efficient PTACs and PTHPs through the CPS Energy Savers Commercial Rebate
Program. Rebates only apply to building improvement or retrofit projects and are not available
for new construction projects. The rebate amounts are separated by two tiers of efficiency. A
rebate of $65 per ton of cooling capacity is available for PTACs and PTHPs with EER of 11.5 or
greater (and COP of 4.9 or greater for PTHPs). A rebate of $150 per ton of cooling capacity is
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available7for PTACs and PTHPs with EER of 12.5 or greater (and COP of 5.9 or greater for
PTHPs).

SCE offers rebates to business customers for standard and non-standard size PTAC and
PTHP equipment through its Multifamily Energy Efficiency Rebate Program. The program
provides a fixed $150 rebate for PTACs and PTHPs that have EER at least 20 percent above
California’s appliance efficiency regulations, also known as Title 20. The rebate is valid for all
units with cooling capacity below 24,000 Btu/h.® Under the California Code of Regulations,
Title 20, Section 1605.1 b(2), PTACs and PTHPs energy conservation standards are calculated
using the equations below, and are less stringent than current Federal PTAC and PTHP energy
conservation standards.®

Minimum Efficiency (EER) = 10.0 — (0.00016 x Cooling Capacity (in Btu/h))

Minimum Efficiency (COP) = 1.3 4+ [0.16(10.0 — 0.00016 x Cooling Capacity (in Btu/h)]

3.9 SHIPMENTS

Information about annual equipment shipment trends allows DOE to estimate the impacts
of energy conservation standards on the PTAC and PTHP industry. Using data from AHRI
estimates, DOE examined unit shipments and value of shipments for PTACs and PTHPs. More
information about shipments for PTACs and PTHPs can be found in the shipments analysis
section (chapter 9) of the TSD.

3.9.1 Unit Shipments

Until 2010, the U.S. Census Bureau published an annual Current Industrial Report (CIR),
which provided annual unit shipments and value of shipments for various industries including
the PTAC and PTHP industry. However, the CIR has not published shipments data for PTACs
or PTHPs since before 2008, due to data disclosure issues and to termination of the CIR series.™

Table 3.9.1 presents the total shipments estimated by AHRI of the PTAC and PTHP
industry from 2003-2012. The AHRI data shows a decrease in shipments between the 2003-07
period and the 2008-12 period.

Table 3.9.1 AHRI Estimated Shipment Data for PTAC and PTHP Industry (Standard and
Non-Standard)

Years Total Shipments Over All Years (Thousands of Units)
PTAC PTHP
2008-2012 1,105.9 986.0
2003-2007 1,352.3 1,068.8

3.9.2 Equipment Lifetime

DOE reviewed available literature and consulted with manufacturers in order to establish
typical equipment lifetimes. The literature and experts consulted offered a wide range of typical
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equipment lifetimes. Individuals with previous experience in manufacturing or distribution of
PTACs and PTHPs suggested a typical lifetime of 5 to 10 years. Some experts suggested that the
lifetime could be even lower because of the daily or continuous use of the equipment and neglect
of maintenance such as cleaning the heat exchangers or replacing the air filters. In addition, the
equipment is typically replaced about every 5 years for cosmetic reasons during remodeling in
lodging applications. The 2000 Screening Analysis for EPACT-Covered Commercial Heating,
Ventilating and Air-Conditioning and Water-Heating Equipment report (commonly referred to as
the 2000 Screening Analysis) used a 15-year lifetime for PTACs and PTHPs based on data from
ASHRAE’s 1995 Handbook of HVAC Applications.'! In the NOPR analysis for this rulemaking,
DOE assumed the equipment lifetime for PTACs and PTHPs to be 10 years. In response to
stakeholder input, DOE revised the analysis after the NOPR using an average equipment lifetime
of 8 years. More information about PTAC and PTHP equipment lifetime is available in the life-
cycle cost and payback period analyses section (chapter 8) of this TSD.

3.10 MARKET CHARACTERIZATION

DOE combined information from the 2013 AHRI Directory of Certified Product
Performance (2013 AHRI directory) with other publicly available data from manufacturer
catalogs of PTACs and PTHPs to develop an understanding of the industry.*? The database
contains information such as manufacturer name, model number, cooling capacity, EER, COP
where applicable, heating capacity where applicable, and wall sleeve dimensions. To maintain
consistency in the analysis, DOE divided the data into standard and non-standard size
classifications in the database based on DOE’s equipment classes. Figure 3.2.1 and Figure 3.2.2
show the distribution of standard size PTACs and PTHPs respectively in the 2013 AHRI
directory.
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Figure 3.2.1 Number of Certified Standard Size PTAC Models by Cooling Capacity
— 2013 AHRI Directory and Manufacturer Catalogs
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Cooling Capacity (Btu/h)
Figure 3.2.2 Number of Certified Standard Size PTHP Models by Cooling Capacity
— 2013 AHRI Directory and Manufacturer Catalogs

The standard size PTAC models listed in the 2013 AHRI directory and manufacturers’
catalogs may be grouped into several clusters of cooling capacity. These range from 6,800 Btu/h
to 7,800 Btu/h; 8,600 Btu/h to 9,800 Btu/h; 11,200 Btu/h to 12,800 Btu/h; and 14,000 Btu/h to
15,100 Btu/h. Standard size PTHPs may be similarly clustered, with cluster ranges from 7,000
Btu/h to 7,800 Btu/h; 8,800 Btu/h to 9,800 Btu/h; 11,200 Btu/h to 12,800 Btu/h; and 14,000
Btu/h to 15,000 Btu/h.

Figure 3.2.3 and Figure 3.2.4 show the distribution of non-standard size PTACs and
PTHPs respectively from the 2013 AHRI directory and other manufacturer catalogs.
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Cooling Capacity (Btu/h)
Figure 3.2.4 Non-Standard Size PTHP Models by Cooling Capacity
— 2013 AHRI Directory and Manufacturer Catalogs

The non-standard size PTAC models listed in the 2013 AHRI directory and
manufacturers’ catalogs may be grouped into several clusters of cooling capacity. These range
from 7,000 Btu/h to 7,800 Btu/h; 8,800 Btu/h to 9,800 Btu/h; 11,200 Btu/h to 12,800 Btu/h; and
14,000 Btu/h to 15,000 Btu/h.
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3.11 TECHNOLOGY ASSESSMENT

This section provides a technology assessment for PTAC and PTHP equipment. The
purpose of the technology assessment is to develop a preliminary list of technologies that could
potentially be used to improve the efficiency of PTACs and PTHPs. The following assessment
provides descriptions of technologies and designs that apply to all equipment classes of PTACs
and PTHPs.

Contained in this technology assessment are details about equipment characteristics and
operation (section 3.11.1), an examination of possible technological improvements (section
3.11.2), and a characterization of the equipment efficiency levels currently commercially
available (section 3.11.3).

3.11.1 Baseline Equipment Components and Operation

The baseline PTAC is an air conditioner that incorporates a complete air-cooled
refrigeration and air-handling system in an individual package. Each PTAC has a self-contained,
direct-expansion cooling system and packaged control including electromechanical function
switches. Models may feature various heating options (electric, hot water, or steam). The basic
PTAC cooling system is composed of a compressor (typically a rotary compressor), evaporator,
condenser, and motorized fan. Other components of the PTAC include a thermostat, outer
casing, and wall sleeve. Manufacturers typically differentiate high-efficiency models from basic
models by installing any combination of the following: a higher efficiency compressor, digital
controls with energy savings settings, automatic fan controls, higher efficiency fan motors,
multiple fans, or a more efficient heat exchanger.

3.11.2 Technology Options

DOE used information about existing and past technology options and prototype designs
to help identify technologies that manufacturers could use to improve the efficiency of PTACs
and PTHPs. This assessment provides the technical background and structure on which DOE
bases its screening analysis (chapter 4 of this TSD) and engineering analyses (chapter 5). In
surveying PTAC and PTHP technology options, DOE considered a wide assortment of
equipment literature, information derived from the teardown analysis, information derived from
the stakeholder interviews, and the previous DOE energy conservation standards rulemaking for
air-conditioning products and equipment.

Table 3.11.1 lists all of the potential technology options considered, including options

listed in the Framework Document and options suggested in stakeholder comments, for
improving energy efficiency of PTACs and PTHPs.
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Table 3.11.1 Potential Technology Options for Improving Energy Efficiency of PTACs and
PTHPs
Compressor Improvements
e Scroll Compressors
e Variable-speed Compressors
e Higher Efficiency Compressors
Complex Control Boards
Condenser and evaporator fan and fan motor improvements:
e Higher Efficiency Fan Motors
e Clutched Motor Fans
Microchannel Heat Exchangers
Rifled Interior Heat Exchanger Tube Walls
Increased Heat Exchanger Area
Hydrophobic Material Treatment of Heat Exchangers
Re-circuiting Heat Exchanger Coils
Improved Air Flow and Fan Design
Heat Pipes
Corrosion Protection
Thermostatic Expansion Valve
Alternate Refrigerants (such as HCFC-32)

3.11.3 Equipment Efficiency Levels

Using a list of PTAC and PTHP models assembled from the 2013 AHRI Directory and
manufacturer catalogues, DOE examined the relationship between EER and cooling capacity for
PTACs and PTHPs of both standard and non-standard size categories. Figure 3.2.5 and Figure
3.2.6 show the relationship between EER and cooling capacity for certified models of standard
size PTACs and PTHPs, respectively, listed in the 2013 AHRI Directory. These figures also
identify the current Federal energy conservation standards (ECS), and the ANSI/ASHRAE/IES
Standard 90.1-2013 efficiency levels.
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Figure 3.2.5 Standard Size PTAC EER versus Cooling Capacity — 2013 AHRI Directory

As shown in Figure 3.2.5, the EER of standard size PTACs generally decreases as
cooling capacity increases. All of the certified standard size PTAC units are above Federal
minimum efficiency levels, while close to 80 percent are at or above ANSI/ASHRAE/IES
Standard 90.1-2013 efficiency levels.
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Figure 3.2.6 Standard Size PTHP EER versus Cooling Capacity — 2013 AHRI Directory

As with PTACSs, Figure 3.2.6 shows the EER of standard size PTHPs decreases as
cooling capacity increases. All of the certified standard size PTHP units are above Federal
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minimum efficiency levels, which are equivalent to ANSI/ASHRAE/IES 90.1-2013 efficiency
levels.

Figure 3.2.7 and Figure 3.2.8 demonstrate the relationship between EER and cooling
capacity for non-standard size PTACs and PTHPs respectively. These figures also identify the
current Federal ECS and the ANSI/ASHRAE/IES 90.1-2013 efficiency levels for non-standard
size equipment.
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Figure 3.2.7 Non-Standard Size PTAC EER versus Cooling Capacity — 2013 AHRI
Directory and Manufacturers’ Catalogs
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Figure 3.2.8 Non-Standard Size PTHP EER versus Cooling Capacity — 2013 AHRI
Directory and Manufacturers’ Catalogs
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Similar to standard size PTACSs, the EER of a non-standard size PTAC decreases as
cooling capacity increases. All of the reviewed non-standard size PTAC units excepts one model
are rated at or above Federal minimum efficiency levels, which are equivalent to
ANSI/ASHRAE/IES 90.1-2013 efficiency levels. All of the reviewed non-standard size PTHP
units are rated at or above Federal minimum and ANSI/ASHRAE/IES 90.1-2013 efficiency
levels.

DOE also examined the relationship between COP and cooling capacity for standard size
and non-standard size PTHPs, shown in Figure 3.2.9 and Figure 3.2.10, respectively. These
figures also identify the current Federal ECS and the ANSI/ASHRAE/IES Standard 90.1-2013
efficiency levels for standard size and non-standard size equipment.
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Figure 3.2.9 Standard Size PTHP COP versus Cooling Capacity — 2013 AHRI Directory
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Figure 3.2.10 Non-Standard Size PTHP COP versus Cooling Capacity — 2013 AHRI
Directory and Other Publicly Available Data
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As with EER, COP tends to decrease with cooling capacity. COP levels for all of the
reviewed standard size PTHP units are above Federal efficiency levels, which are equivalent to
ANSI/ASHRAE/IES 90.1-2013 efficiency levels. COP levels for all of the reviewed non-
standard size PTHP units meet or exceed the Federal minimum and ANSI/ASHRAE/IES 90.1-

2013 efficiency levels.
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CHAPTER 4. SCREENING ANALYSIS

4.1 INTRODUCTION

This chapter describes the screening analysis that the U.S. Department of Energy (DOE)
has performed in support of the energy conservation standards rulemaking for packaged terminal
air conditioners (PTACSs) and packaged terminal heat pumps (PTHPS).

In the market and technology assessment (chapter 3 of this technical support document
(TSD)), DOE presented an initial list of technologies that have the potential to reduce the energy
consumption of PTACs and PTHPs. The goal of the screening analysis is to screen out
technologies that will not be considered further in the rulemaking analyses. DOE evaluated the
technologies identified in the market and technology assessment pursuant to the criteria set out in
the Energy Policy and Conservation Act (EPCA). (42 United States Code (U.S.C.) 6291-6317):

(1) Technological feasibility. Technologies incorporated in commercial equipment or in
working prototypes will be considered technologically feasible.

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

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

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

If a particular technology fails to meet one or more of the four criteria, it will be screened
out. The rationale for either screening out or retaining each technology option is detailed in the
following sections.

4.2 SCREENED-OUT TECHNOLOGY OPTIONS

The following section details the specific technology options that were screened out prior
to the engineering analysis, along with the rationale for elimination.



4.2.1 Scroll Compressors

Scroll compressors compress gas between two spirals, one fixed and one rotating. In
some capacities and applications, scroll compressors may operate at higher efficiencies than the
rotary compressors typically used in PTAC and PTHP applications. Though scroll compressors
are less common in the capacity range associated with PTAC and PTHP equipment (6,000 to
15,000 Btu/h), several companies manufacture scroll compressors from 9,000 Btu/h and up.
However, DOE is not aware of scroll compressor models at these lower capacities that would fit
in a PTAC cabinet and that are more efficient than the same capacity of rotary compressor. The
rotary compressors found in reverse engineering of PTACs and PTHPs in the 15,000 Btu/h class
had efficiency ratings from 9.8 to 10.6 EER. By comparison, scroll compressors of similar
capacity are rated from 7.2 EER to 11.0 EER, but most are too tall to fit in a 16” standard-size
PTAC cabinet.

As a result, DOE does not believe at this time that the use of scroll compressors would
improve the efficiency of PTAC and PTHP units, given the size and capacity constraints of these
units. For this reason, DOE did not consider scroll compressors further in the NOPR analyses.

4.2.2 Heat Pipes

Under humid ambient conditions, using heat pipes to pre-treat the entering air from the
conditioned space can improve the evaporator heat exchanger performance. Heat pipes increase
the latent cooling capacity (i.e., moisture removal) of an air-conditioner. They do this by
transferring heat from the air entering the evaporator to the air leaving the evaporator. This
allows the evaporator air exit temperature to be significantly lower. Since the maximum possible
moisture content of air increases with increasing temperature, this also means that the reduced-
temperature air at the evaporator exit would have lower moisture content. The temperature of the
air is then warmed by the post-evaporator portion of the heat pipe. Heat pipes generally shift
some of the cooling capacity of the equipment from reduction of air temperature to reduction of
humidity, but do not increase the cooling capacity of an evaporator. They impose additional
pressure drop that the indoor fan must overcome, thus they do not improve EER of the
equipment. Therefore, DOE screened out heat pipes as a design option for improving the energy
efficiency of PTACs and PTHPs.

4.2.3 Alternate Refrigerants

Nearly all PTAC and PTHP equipment is designed with R-410A as the refrigerant. The
Environmental Protection Agency’s (EPA’s) Significant New Alternatives Policy (SNAP)
Program evaluates and regulates substitutes for the ozone-depleting chemicals (such as air
conditioning refrigerants) that are being phased out under the stratospheric ozone protection
provisions of the Clean Air Act (CAA)." (42 U.S.C. 7401 et seq.) The EPA’s SNAP Program
currently lists acceptable alternatives for refrigerant used in the Household and Light
Commercial Air Conditioning class of equipment (which includes PTAC and PTHP equipment).

! Additional information regarding EPA’s SNAP Program is available online at: http://www.epa.gov/ozone/snap!/.
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On July 9, 2014, the EPA issued a notice of proposed rulemaking proposing to list three
flammable refrigerants (HFC-32 (R-32), Propane (R-290), and R-441A) as new acceptable
substitutes, subject to use conditions, for refrigerant in the Household and Light Commercial Air
Conditioning class of equipment. 79 FR 38811 (July 9, 2014). On April 10, 2015, the EPA
published its final rule that allows the use of R-32, R-290, and R-441A in limited amounts in
PTAC and PTHP applications. 80 FR 19454 (April 10, 2015)

DOE considered the possibility of using the alternative refrigerants that EPA approved
for limited use in PTAC and PTHP applications. The EPA’s final rule limits the maximum
design charge amount of the alternative refrigerants in PTAC and PTHP applications. For
instance, for a PTAC or PTHP with cooling capacity of 9,000 Btu/h, the EPA rule imposes a
maximum design charge of 140 grams of R-290 or 160 grams of R-441A. 80 FR at 19500 (April
10, 2015) In comparison, DOE reverse engineered eleven units with cooling capacities around
9,000 Btu/h and found that these units had refrigerant charges ranging from 600 grams to 950
grams and all units used refrigerant R-410A. The refrigerant charges currently used in current
PTAC and PTHP designs far exceed the maximum charges that are allowed for alternative
refrigerants under EPA’s final rule. DOE acknowledges that it might be possible to incorporate
the new refrigerants under consideration into PTAC designs through the use of microchannel
heat exchangers or tube and fin heat exchangers with smaller tube diameters than what is
currently on the market. However, DOE has not seen evidence that such designs are
technologically feasible. Therefore, DOE did not further consider the R-290 and R-441A
substitutes proposed by EPA.

DOE is aware of initial research with drop-in applications (where an alternate refrigerant
replaces the existing refrigerant in a system that is optimized for the existing refrigerant) using
R-32 in place of R-410A in a residential ducted split-system application. Initial research shows
that, in this application, R-32 had a higher capacity and similar efficiency as R-410A, but its
discharge temperatures and pressures were significantly higher.? This suggests that R-32 might
show efficiency comparable to R-410A in PTAC and PTHP applications, and the research is
inconclusive regarding whether R-32 will reduce energy use and/or by how much. DOE is not
aware of test results from the use of alternate refrigerants in PTAC- or PTHP-specific
applications that have been optimized for alternate refrigerants.

DOE is not aware of any SNAP-approved refrigerants, or any refrigerants that have been
proposed for SNAP approval, that are known to enable better efficiency than R-410A for PTAC
and PTHP equipment. Hence, DOE did not consider alternate refrigerants for further analysis.

% This research was published in the journal ASHRAE Transactions, at:

Biswas, Auvi; Barve, Atharva; Cremaschi, Lorenzo (2013). “An Experimental Study of the Performance of New
Low Global Warming Potential (LGWP) Refrigerants at Extreme High Temperature Ambient Conditions in
Residential AC Ducted Split Systems,” ASHRAE Transactions. 119(1), special section p1.
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43 OTHER TECHNOLOGIES NOT CONSIDERED IN THE ENGINEERING
ANALYSIS

Typically, energy-saving technologies that pass the screening analysis are evaluated in
the engineering analysis. However, some technologies are not included in the analysis for other
reasons, including: (1) available data suggest that the efficiency benefits of the technology are
negligible; (2) data are not available to evaluate the energy efficiency characteristics of the
technology; or (3) the test procedure and EER or COP metric would not measure the energy
impact of these technologies. Accordingly, DOE eliminated the following technologies from
consideration in the engineering analysis based upon these three additional considerations.

4.3.1 Re-Circuiting Heat Exchanger Coils

Manufacturers of PTAC and PTHP heat exchangers may improve the heat transfer
efficiency across the heat exchanger by rearranging the refrigerant’s path through the various
tubes inside the heat exchanger. Manufacturers can rearrange the refrigerant path by “re-
circuiting” the heat exchanger, either by splitting the refrigerant path into new circuits or re-
routing the existing circuits. One objective of re-circuiting is to optimally pair air and refrigerant
at every location in the heat exchanger. DOE believes that PTACs are a very mature industry and
that engineers have already optimized the number of circuits for heat transfer. Thus, DOE
believes that the efficiency benefits of the technology are negligible and DOE has eliminated
heat exchanger re-circuiting as a potential avenue for efficiency improvement.

4.3.2 Rifled Interior Tube Walls

Heat exchangers using rifled interior tube walls (also known as “microgrooves”) to
enhance energy efficiency by improving heat transfer across the heat exchanger. With this
technology, the internal face of heat exchanger tubes is rifled with small grooves that increase
the interior surface area of the tube and induce turbulence in the refrigerant flow. Having
observed that microgroove technology was used in the majority of baseline units disassembled in
the engineering analysis, DOE believes that microgroove technology is currently being used in
baseline equipment today. Thus, DOE believes that the efficiency benefits of the technology are
negligible and DOE has eliminated rifled interior tube walls as a potential avenue for efficiency
improvement.

4.3.3 Microchannel Heat Exchangers

Microchannel heat exchangers in air conditioning applications are heat exchangers in
which refrigerant fluid flows in confinements with typical hydraulic diameter of less than one
millimeter. Microchannels may improve unit efficiency by improving the efficiency of heat
transfer between refrigerant and air across the heat exchanger. However, microchannel heat
exchangers are currently in the development stage for PTAC and PTHP applications and are not
proven for consistent, field installed equipment performance. DOE notes that the engineering
analysis was based on efficiency levels and, because units with microchannels are not
commercially available, DOE cannot estimate the increased manufacturing costs associated with
whatever efficiency gains such units may offer.



DOE is aware that Zess, Inc. Industries is developing an integrated microchannel
refrigeration system for applications in PTAC units. Zess, Inc. Industries has indicated that this
application may achieve efficiencies as high as 15 EER in PTACs. DOE requested more
information from Zess, Inc. Industries regarding prototype units and test results.

At this point, DOE does not have information regarding these prototype tests that would
allow assessment of the efficiency improvements associated with the specific microchannel
technology and/or the costs associated with its implementation. DOE eliminated microchannel
heat exchanges from the NOPR analysis because data are not available to evaluate the energy
efficiency characteristics of the technology.

4.3.4 Complex Control Boards

Digital energy management control interfaces can reduce annual energy consumption of
PTACs or PTHPs by optimizing the operation of the equipment under varying operating
conditions. For example, they may allow operation managers in hotels to remotely turn off or
change temperature set points of units throughout a building. Although this technology can
reduce peak energy demand and also reduce overall energy consumption throughout the year, it
does not increase the EER under the AHRI 310/380-2014 test procedure. The test procedure
requires that units be tested at steady state test conditions and DOE believes that complex control
boards do not help steady state performance in PTAC and PTHP applications.

DOE eliminated complex control boards as an efficiency option because the test
procedure and EER or COP metric would not measure the energy impact of these technologies.

4.3.5 Corrosion Protection

Corrosion protection materials used in PTACs and PTHPs protect the equipment and
prolong its use when it is exposed to chemically harsh operating conditions. DOE believes that
corrosion protection has a negative impact on steady state operation to some degree, but that
corrosion protection may help improve the overall unit performance over several years of
operation. Although it is beneficial for units in harsh environments to be corrosion protected,
corrosion protection does not improve the EER as measured by the test procedure. Therefore,
DOE did not consider this technology in the engineering analysis.

4.3.6 Hydrophobic Material Treatment of Heat Exchangers

Material treatment of heat exchangers (also known as “plasma treatment”) allows the
condensate that forms on the fins to be repelled and drained faster than on non-treated heat
exchangers. Hydrophobic treatments are used to reduce mineral build up and corrosion on heat
exchanger fins, to improve long-term performance of the unit. Although enhanced long term
performance is beneficial, this treatment is not shown to improve the EER as per the test
procedure.

4.3.7 Thermal Expansion Valves

Thermal expansion valves (TXVs) control the flow of refrigerant into the evaporator
based on a temperature feedback. DOE notes that thermal expansion valves (TXVs) would not
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improve the energy efficiency of PTACs or PTHPs, because there is only one condition for
which the fixed-orifice expansion device can be optimized. DOE has insufficient information to
know whether testing at multiple conditions would make sufficient efficiency improvement to
justify the increased test time. Therefore, DOE did not consider this technology in the
engineering analysis.

4.4  REMAINING TECHNOLOGIES
Table 4.4.1 lists the technologies that were retained by DOE and subsequently designated
as design options. Each of these technologies will be evaluated further in the subsequent

engineering analysis.

Table 4.4.1 Retained Design Options for PTAC and PTHP

Higher Efficiency Compressors

Higher Efficiency Fan Motors

Increased Heat Exchanger Area

Improved Air Flow and Fan Design

The remaining technology options in Table 4.4.1 are briefly described below.

4.4.1 Higher Efficiency Compressors

Manufacturers can improve the energy efficiency of PTAC and PTHP units by
incorporating more efficient components, such as high efficiency compressors, into their designs.
DOE observed in reverse engineering analysis that PTAC and PTHP manufacturers use several
different compressor models with a wide range of efficiency ratings. During the reverse
engineering analysis conducted as part of the engineering analysis, DOE conducted efficiency
testing and observed the compressors that were used in nineteen test units. For the representative
capacity of 9,000 Btu/h, DOE examined compressors in ten test units and observed that the
compressor efficiency ratings ranged from 9.7 EER to 10.9 EER. DOE observed most of the test
units at 9,000 Btu/h used a compressor rated at 10.1 EER, but that the test unit with the highest
tested efficiency used a compressor rated at 10.9 EER. For the representative capacity of 15,000
Btu/h, DOE examined compressors in nine test units and observed that the compressor efficiency
ratings ranged from 9.8 EER to 10.5 EER. DOE observed that the test units at 15,000 Btu/h had
an average compressor efficiency rating of 10.1 EER, but that the test unit with the highest tested
efficiency used a compressor rated at 10.5 EER. Efficiency test results and compressor
observations are included in chapter 5 of this TSD.

4.4.2 Higher Efficiency Fan Motors

Manufacturers of baseline PTACs and PTHPs use permanent split capacitor (PSC) fan
motors due to their modest cost, compact design, and durability. More efficient PSC motor
designs applicable to PTACs and PTHPs are an ongoing industry challenge, and there been no
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substantial gain in efficiency in recent years. PSC manufacturers can improve efficiency by
increasing the surface area of rotors, although the overall size of the PSC motor would increase
in that case. PTACs and PTHPs have size constraints that do not allow an increase in motor size
to a level which would have a significant impact on energy efficiency. DOE believes any further
gains in PSC fan motor efficiency will be difficult to achieve, and has thus eliminated
improvement of PSC fan motors as a potential avenue for efficiency improvement.

Besides PSC-based fan motors, PTAC and PTHP original equipment manufacturers
(OEMs) can replace PSC motors with permanent magnet (PM) motors. PM motors typically
offer higher efficiencies than PSC-based fan motors, but these improvements come with
increased costs for the motor unit and control hardware. Several manufacturers use PM motors in
their higher-efficiency PTAC and PTHP models.

4.4.3 Increased Heat Exchanger Area

Manufacturers of PTACs and PTHPs increase unit efficiency by increasing heat
exchanger size, either through elongating the face of the heat exchanger or increasing the number
of heat exchanger tube rows. Standard-size PTACs are dimensionally constrained and, because
of these constraints on unit size, there are limits to the efficiency gains that may be had by
increasing heat exchanger size. At least one manufacturer has incorporated bent heat exchanger
coils to increase the heat exchanger face area while remaining inside the standard size unit
constraints. In its reverse engineering analysis, DOE observed at least three test units that
contained a bent heat exchanger. DOE based its analysis on the measured performance of these
units (one of which performed at the max-tech efficiency level). The measured performance of
these units includes the impact of additional pressure drop associated with the bent heat
exchangers.

4.4.4 Improved Air Flow and Fan Design

Manufacturers of PTACs and PTHPs currently use several techniques to shape and direct
airflow inside PTAC and PTHP units. Manufacturers may improve unit efficiency by optimizing
air paths and fan blade designs, and by selecting appropriate fan and motor combinations so that
the fan’s operational efficiency in the unit matches the fan’s peak efficiency exactly.
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CHAPTER 5. ENGINEERING ANALYSIS

5.1 INTRODUCTION

After conducting the screening analysis, the U.S. Department of Energy (DOE)
performed an engineering analysis based on the remaining design options. The
engineering analysis consists of estimating the energy consumption and costs of
producing equipment at various levels of increased efficiency. This section provides an
overview of the engineering analysis (section 5.1), discusses equipment classes (section
5.2), describes the efficiency metrics used for this equipment (section 5.3), establishes
baseline unit specifications (section 5.4.2), discusses incremental efficiency levels
(section 5.4.3), explains the methodology used during data gathering (section 5.5) and
discusses the analysis and results (section 5.6).

The primary inputs to the engineering analysis are baseline information from the
market and technology assessment (chapter 3 of this technical support document (TSD))
and technology options from the screening analysis (chapter 4). Additional inputs
include laboratory testing and reverse-engineering of representative equipment, and
manufacturer interviews. The primary output of the engineering analysis is a set of cost-
efficiency curves. In the subsequent markups analysis (chapter 6), DOE determined
consumer (i.e., equipment purchaser) prices by applying distribution markups, sales tax
and contractor markups. After applying these markups and an assumed installation cost,
the consumer prices serve as the input to the building energy-use and end-use load
characterization (chapter 7) and the life-cycle cost (LCC) and payback period (PBP)
analyses (chapter 8).

DOE typically structures its engineering analysis around one of three
methodologies. These are: (1) the design-option approach, which calculates the
incremental costs of adding specific design options to a baseline model that will improve
its efficiency (i.e., lower its energy use); (2) the efficiency-level approach, which
calculates the relative costs of achieving increases in energy efficiency levels, without
regard to the particular design options used to achieve such increases; and/or (3) the
reverse-engineering (or cost-assessment) approach, which provides “bottom-up”
manufacturing cost assessments for achieving various levels of increased efficiency,
based on teardown analyses (or physical teardowns) providing detailed data on costs for
parts and material, labor, shipping/packaging, and investment for models that operate at
particular efficiency levels. A supplementary method called a catalog teardown uses
published manufacturer catalogs and supplementary component data to estimate the
major physical differences between a piece of equipment that has been physically
disassembled and another piece of similar equipment for which catalog data are available
to determine the cost of the latter equipment. The methodology selected for the
engineering analysis depends on the product, the design options under study, and any
historical data upon which DOE can draw.

To establish the industry cost-efficiency curves for PTAC and PTHP equipment,
the DOE used a combination of the efficiency-level approach and the reverse engineering
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approach. DOE designated a baseline efficiency level that is equivalent to the minimum
efficiency allowed by energy conservation standards.? DOE set efficiency levels at
incremental steps above the baseline up to the maximum efficiency level that is
technologically feasible using current technologies.

To estimate the manufacturing production costs (MPCs) for equipment at each
efficiency level, DOE reverse engineered a set of PTAC and PTHP equipment
specifically selected to represent the range of efficiency levels. This reverse engineering
involved the disassembly of units, analysis of the materials and manufacturing processes,
and development of a spreadsheet cost model based on a clear and consistent
manufacturing cost assessment methodology. DOE built a detailed cost assessment model
that accurately estimates the MPC associated with producing each specific piece of
equipment. This chapter reports the cost model results in aggregated form to maintain
confidentiality of the data.

DOE notes that the combined efficiency level and cost-assessment approach does
not separately evaluate the effects of individual design options and does not prescribe a
particular set of design options for manufacturers to improve unit efficiency. Instead, it
selects units spanning a range of efficiency levels, estimates MPCs for those units, and
constructs a cost curve to define the relationship between energy efficiency and MPC.

5.2 EQUIPMENT CLASSES ANALYZED

The current Federal energy conservation standards (ECS), shown in Table 5 of 10
CFR Part 431.97, divide PTACs and PTHPs into twelve equipment classes based on
whether the equipment is an air conditioner or heat pump, the cooling capacity, and the
equipment’s wall sleeve dimensions, which fall into two categories:

e Standard size (PTAC or PTHP equipment with wall sleeve dimensions greater
than or equal to 16 inches high, or greater than or equal to 42 inches wide)

e Non-standard size (PTAC or PTHP equipment with wall sleeve dimensions less
than 16 inches high and less than 42 inches wide)

® DOE set the baseline level equivalent to the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC
and PTHP equipment, since DOE is required to, at a minimum, adopt the ASHRAE levels as the Federal
standard. (42 U.S.C. (a)(6)(A)(ii)(1)).

5-2



The twelve equipment classes for PTACs and PTHPs are listed in Table 5.2.1, and
correspond to the classes contained in ANSI/ASHRAE/IES Standard 90.1-2013.

Table 5.2.1 Equipment Classes for PTACs and PTHPs

Equipment Class

Equipment Category Cooling Capacity
<7,000 Btu/h
Standard Size” >7,000 Btu/h and <15,000 Btu/h

PTAC >15,000 Btu/h

<7,000 Btu/h

Non-Standard Size™ >7,000 Btu/h and <15,000 Btu/h

>15,000 Btu/h

<7,000 Btu/h

Standard Size” >7,000 Btu/h and <15,000 Btu/h

>15,000 Btu/h

PTHP <7.000 Btu/h

Non-Standard Size™ >7,000 Btu/h and <15,000 Btu/h

>15,000 Btu/h

” Standard size refers to PTAC or PTHP equipment with wall sleeve dimensions greater than or equal to 16
inches high, or greater than or equal to 42 inches wide.
Wall sleeve dimensions less than 16 inches high and less than 42 inches wide.

DOE is not considering amended energy conservation standards for non-standard
size PTAC and PTHP equipment in this rulemaking, because the non-standard size
equipment classes represent a small and declining portion of the market, and because of a
lack of adequate information to analyze non-standard size units. The shipments analysis
conducted for the 2008 final rule projected that shipments of non-standard size PTACs
and PTHPs would decline from about 30,000 units in 2012 (6.6% of the entire PTAC and
PTHP mgrket) to about 16,000 units in 2042 (2.4% of the entire PTAC and PTHP
market).

b See DOE’s discussion regarding shipment projections for standard and non-standard PTAC and PTHP
equipment and the results of shipment projections in TSD for the 2008 PTAC and PTHP energy
conservation standard rulemaking at:

http://www.regulations.gov/#!documentDetail; D=EERE-2007-BT-STD-0012-0032 (Chapter 10, Section
10.5).
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For the purposes of this rulemaking, DOE analyzed the six standard size
equipment classes for PTACs and PTHPs, presented in Table 5.2.2.
Table 5.2.2 Equipment Classes Covered by this Rulemaking

Equipment Class

Equipment Category Cooling Capacity
<7,000 Btu/h
PTAC Standard Size” >7,000 Btu/h and <15,000 Btu/h

>15,000 Btu/h

<7,000 Btu/h

PTHP Standard Size” >7,000 Btu/h and <15,000 Btu/h

>15,000 Btu/h

” Standard size refers to PTAC or PTHP equipment with wall sleeve dimensions greater than or equal to 16
inches high, or greater than or equal to 42 inches wide.

The current Federal energy conservation standards and the efficiency levels
specified by ANSI/ASHRAE/IES Standard 90.1-2013 for PTAC and PTHP equipment
are a function of the equipment’s cooling capacity. Both standards have equations to
calculate the efficiency levels for PTACs and PTHPs in the cooling capacity range
between 7,000 Btu/h and 15,000 Btu/h for each equipment class. For equipment with
cooling capacities below 7,000 Btu/h and above 15,000 Btu/h, current Federal energy
conservation standards and ANSI/ASHRAE/IES Standard 90.1-2013 maintain a constant
efficiency level equal to the value of the efficiency equation at either 7,000 Btu/h or
15,000 Btu/h cooling capacity (e.qg., the efficiency level for 6,000 Btu/h cooling capacity
equipment equals the efficiency level for 7,000 Btu/h cooling capacity equipment, and
the efficiency level for 16,000 Btu/h cooling capacity equipment equals the efficiency
level for 15,000 Btu/h cooling capacity equipment).

For the engineering analysis, DOE examined specific cooling capacities for
standard size PTACs and PTHPs, which are referred to as “representative cooling
capacities.” Interviews with manufacturers indicated that the majority of PTAC and
PTHP shipments are in the classes with cooling capacity between 7,000 Btu/h to 15,000
Btu/h. According to the certification data provided by the 2013 AHRI Directory of
Certified Performance (2013 AHRI Directory), over 90 percent of standard-size PTAC
and PTHP models available on the market are within the 7,000 Btu/h to 15,000 Btu/h
cooling capacity range.’ DOE focused its analysis on equipment with cooling capacities
in the range between 7,000 Btu/h and 15,000 Btu/h.
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5.3 ENERGY EFFICIENCY METRICS

The current energy conservation standards for PTACs and PTHPs are based on
energy efficiency ratio (EER) for cooling efficiency and on coefficient of performance
(COP) for PTHP heating efficiency. 10 CFR 431.97(c). The current Federal test
procedure for PTACs and PTHPs incorporates by reference AHRI 310/380-2014
Standard for Packaged Terminal Air-Conditioners and Heat Pumps.® This standard
defines EER as “the ratio of the produced cooling effect of an air conditioner or heat
pump to its net work input, expressed in Btu/watt-hour.” COP is defined by AHRI
310/380-2014 as “the ratio of the produced cooling effect of an air conditioner or heat
pump (or its produced heating effect, depending on the mode of operation) to its net work
input, when both the cooling (or heating) effect and the net work input are expressed in
identical units of measurement.”

In conducting the engineering analysis, DOE only considered technologies and
techniques that improve the EER and COP of PTAC and PTHP equipment. As
mentioned in the screening analysis (chapter 4 of this TSD), there are some technology
options and techniques that could reduce the annual energy consumption of the system,
but that have little effect on EER. DOE did not consider technology options that have
negligible effects on EER and COP.

5.4 EFFICIENCY LEVELS
5.4.1 Representative Cooling Capacities

Because there are large variations in equipment cooling capacity and performance
in the standard size PTAC and PTHP equipment classes, DOE analyzed some of the
cooling capacities individually. DOE selected representative cooling capacities and
analyzed specific equipment to provide information representative of the entire
equipment class. The representative cooling capacities allowed DOE to establish
baseline units that are used throughout the rulemaking analyses.

For standard-size PTAC and PTHP equipment classes, DOE identified two
representative cooling capacities: 9,000 Btu/h and 15,000 Btu/h. Both representative
cooling capacities fall within the >7,000 and <15,000 Btu/h cooling capacity range. DOE
selected the representative cooling capacity of 9,000 Btu/h because this capacity had the

¢ DOE has incorporated by reference AHRI Standard 310/380-2014 as the DOE test procedure at 10 CFR
431.97.
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highest number of standard-size PTAC and PTHP models listed in the 2013 AHRI
Directory. Chapter 3 of this TSD presents the distribution of models in the 2013 AHRI
Directory at different capacity levels for standard-size PTAC and PTHP equipment.
DOE selected the representative cooling capacity of 15,000 Btu/h because, according to
several manufacturers interviewed, the 15,000 Btu/h cooling capacity represents the
greatest technical hurdles for efficiency improvement, considering the size constraints of
standard-size PTACs and PTHPs. DOE believes that these representative cooling capacities
capacities of 9,000 and 15,000 Btu/h accurately represent the markets for PTAC and PTHP
equipment.

DOE used the analytical results for the two representative cooling capacities to
examine the slope of the energy-efficiency equation (i.e., EER as a function of cooling
capacity). Chapter 9 of this TSD contains more details explaining how DOE extrapolates
the amended energy conservation standards for the representative cooling capacities to
the entire range of cooling capacities.

5.4.2 Baseline Units

DOE selected baseline units as reference points for each equipment class, against
which DOE measured changes resulting from potential energy conservation standards.
The baseline unit in each equipment class represents the basic characteristics of
equipment in that class. Typically, a baseline unit is a unit that just meets current required
energy conservation standards and provides basic consumer utility. DOE used the
baseline units in the engineering analysis and the life-cycle-cost and payback-period
analysis.

The baseline efficiency levels for each equipment class are presented below in
Table 5.4.1. These levels represent the ANSI/ASHRAE/IES Standard 90.1-2013
minimums for PTAC and PTHP equipment. These levels are used as the Baselines for
PTAC and PTHP equipment since DOE is required to, at a minimum, adopt the
ASHRAE levels as the Federal standard. (42 U.S.C. (a)(6)(A)(ii)(1)). The Baseline
efficiency level is 1.8% higher than current Federal standard for PTAC equipment, but is
equal to current Federal standard for PTHP equipment.
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Table 5.4.1 Baseline Efficiency Levels

Equipment | Equipment Coolin Baseline
quip quip Baseline Efficiency Equation 19 Efficiency
Type Class Capacity
Level
9,000 Btu/h | 11.3 EER
PTAC St%r.‘dard EER = 14.0 — (0.300 x Cap')
1ze 15,000 Btu/h | 9.5 EER
- T 11.3 EER
_ Standard EER =14.0 - (0.300 x Cap’) 9,000 Btu/h 3.9 COP
Size _ t 9.5 EER
COP =3.7-(0.052 x Ca .
( P’) | 15,000 Btu/h 5.9 COP

T Cap means cooling capacity in thousand Btu/h at 95°F outdoor dry-bulb temperature.
5.4.3 Incremental Efficiency Levels

For the equipment classes presented in section 5.2, DOE analyzed several
efficiency levels and obtained incremental cost data at each of these levels. DOE
considered five efficiency levels beyond the baseline efficiency level for each equipment
class. DOE selected these levels based on a review of the efficiency levels of available
equipment. DOE indicated in the framework document for this rulemaking that it
planned to consider a maximum efficiency level 18.2% higher than the baseline level.’
The rated efficiencies of PTACs listed in the AHRI Directory extend up to 17.5% above
the ANSI/ASHRAE/IES Standard 90.1-2013 baseline efficiency level. However, based
on testing of individual units conducted for this rulemaking, DOE only considered
efficiencies up to 16.2% above the baseline level. Accordingly, DOE revised the
maximum efficiency level for this analysis from 18.2% to 16.2% above the baseline
level.

For the PTHP equipment classes, DOE based heating efficiency levels on the
variation of COP with EER, as discussed in the framework document for this rulemaking.
78 FR 12252. DOE evaluated AHRI data for PTHP equipment to develop the
relationship between COP and EER and used this relationship to establish the COP
efficiency levels. Figure 5.4.1 and Figure 5.4.2 below show the COP and EER data and
best-fit linear relationships for standard size PTHP units with 9,000 Btu/h or 15,000
Btu/h cooling capacity results.

9 Because DOE published the framework document before the publication of ASHRAE 90.1-2013, the
framework document described the proposed max tech level as being 20% higher than the current Federal
PTAC ECS.
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DOE established COP efficiency levels for PTHPs at 9,000 and 15,000 Btu/h
using the EER values corresponding to the incremental cooling performance efficiency
levels and the linear equations developed for the COP/EER relationships that are shown
in the figures. The resulting incremental COP efficiency levels are shown for PTHP
equipment in Table 5.4.2.

Table 5.4.2 presents the efficiency levels for each equipment class.

Table 5.4.2 Incremental Efficiency Levels

Efficiency Levels (Percentages relative to Baseline)
. . - Current
Equipment | Coolin Efficienc
qauip 19 Y| Federal | EL1, | EL2, | EL3 EL4, ELS, ELS,
Type Capacity Metric . 16.2%
PTAC (Baseline**| 2.2% 6.2% 10.2% 14.2%
(MaxTech)
ECS*
7,000- 13.8 - 14.0 - 14.4 - 14.9 - 155- 16.0 - 16.3 -
15,000 EER (0.300x | (0.300x | (0.312x | (0.324x | (0.336x | (0.348x (0.354 x
STAC Btu/h Cap") Cap") Cap") Cap") Cap") Cap") Cap")
Standard Size 98333 EER 11.1EER | 11.3EER |115EER| 12.0EER | 124EER | 129EER | 13.1EER
15,000
Btu/h EER 9.3EER | 95EER | 9.7EER | 10.0EER | 10.4EER | 10.8 EER | 11.0EER
. . - ELS5,
Equipment | Cooling | Efficiency Baseline** EL1, EL2, EL3, EL4, 16.2%
i i 0] 0] 0, 0] '
Type Capacity Metric 2.2% 6.2% 10.2% 14.2% (MaxTech)
7,000- 14.0 - 14.4 - 14.9 - 155- 16.0 - 16.3 -
15,000 EER (0.300x | (0.312x | (0.324x | (0.336x | (0.348 x (0.354 x
Btu/h Cap") Cap") Cap") Cap") Cap") Cap")
7,000- 3.8- 4.2 -
SPT::P,d 15,000 COP 3.1 -C(:.?)52 (0.058 X 4.?( -C(:.?)64 4.i-c(:.%68 (0.070 x 4.i —C(;).(T))73
ta;r_l ar Btu/h p Cap') p p Cap') p
ize
9,000 EER 11.3EER |11.5EER| 12.0EER | 124 EER | 129EER | 13.1EER
Btu/h COoP 3.2COP | 3.3COP | 34COP | 35COP | 3.6COP 3.6 COP
15,000 EER 95EER | 9.7EER | 10.0EER | 10.4EER | 10.8 EER | 11.0EER
Btu/h COP 29COP | 29COP | 3.0COP | 3.1COP | 3.2COP 3.2COP

* This level represents the current Federal minimum for PTAC equipment.
** This level represents the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC and PTHP
equipment. This level is used as the Baseline for PTAC and PTHP equipment since DOE is required to, at a
minimum, adopt the ASHRAE levels as the Federal standard. (42 U.S.C. (a)(6)(A)(ii)(1)). DOE notes that

the Baseline level is 1.8% higher than current Federal ECS for PTAC equipment, but is equivalent to

current Federal ECS for PTHP equipment. For PTAC equipment, the Baseline level is also termed EL1.

" Cap means cooling capacity in thousand Btu/h at 95°F outdoor dry-bulb temperature.

5.5

METHODOLOGY OVERVIEW

In order to develop the cost-efficiency relationships for PTACs and PTHPs, DOE
conducted testing and performed detailed equipment teardowns and reverse-engineering
analyses on a sample of models spanning a range of rated efficiencies. DOE

5-9




supplemented these analyses by conducting interviews with equipment manufacturers to
gain a better understanding of the design options and costs associated with achieving
higher efficiency levels.

5.5.1 Manufacturer Interviews

Throughout the rulemaking process, DOE seeks feedback and insight from
stakeholders to improve the information used in the analyses. For the engineering
analysis, DOE conducted confidential interviews with manufacturers of PTACs and
PTHPs to develop a deeper understanding of the various combinations of technologies
used to increase equipment efficiency and their associated manufacturing costs. DOE
considered all the information manufacturers provided when refining the cost model.
DOE incorporated confidential information (i.e., equipment and manufacturing process
figures) into the analysis in the form of averages to avoid disclosing sensitive information
about individual manufacturers’ equipment or manufacturing processes.

Before these interviews, DOE provided manufacturers with an engineering
information package that included a spreadsheet with preliminary assumptions, estimates,
and cost-efficiency curves, and a list of possible questions to be asked during the
interview. DOE asked manufacturers to provide feedback if the data was representative
of the market and to supply any data that could improve DOE’s estimates and
assumptions. DOE’s questions included the following:

« Which design features affecting energy use are generally incorporated into
“baseline” PTACs and PTHPs?

« What are the costs of attaining the individual efficiency levels selected? How
do these efficiency levels correspond to the various design options listed?
What other design options do you use to attain the various efficiency levels?

« Do the industry MPCs calculated by DOE represent your firm’s costs for
manufacturing standard and size PTAC and PTHP?

DOE also requested information on a number of other factors that affect
manufacturing cost and the incremental cost associated with attaining higher efficiency
levels.

5.5.2 Equipment Teardown

Other than obtaining detailed manufacturing costs directly from a manufacturer, the
most accurate method for determining the production cost of a piece of equipment is to
disassemble the equipment piece-by-piece and estimate the material and labor cost of
each component using a process commonly called a physical teardown.

To calculate the manufacturing costs of PTACs and PTHPs at different efficiency
levels, DOE disassembled multiple units into their component parts and used cost
modeling techniques to estimate the cost of materials, labor, and capital required to
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fabricate and assemble the components into a complete piece of equipment. The
teardown methodology is described in detail in section 5.5.2.1 through section 5.5.2.3.

5.5.2.1 Selection of Units

DOE selected several standard-size PTAC and PTHP units to represent the
market, and used these for teardown in the engineering analysis. The selected equipment
exhibited the following five characteristics:

1. The selected equipment, taken together, cover the full range of efficiency
levels considered in the analysis.

2. The selected equipment has cooling capacity corresponding to one of the
selected representative cooling capacities (9,000 Btu/h or 15,000 Btu/h).

3. When possible, DOE selected one lower-efficiency unit and one higher-
efficiency unit from the same manufacturer. When possible, those units
shared similar characteristics (e.g., both from the same product line).

4. The equipment tended to be from manufacturers with relatively large shares of
the PTAC and PTHP markets, and thus was representative of typical design
approaches.

5. The selected equipment included base units with few, if any, equipment
features or options that add cost without affecting equipment efficiency.

5.5.2.2 Generation of Bills of Materials

The end result of each teardown is a structured bill of materials (BOM).
Structured BOMs describe each equipment part and its relationship to the other parts, in
the estimated order of assembly. The BOMs describe each fabrication and assembly
operation in detail, including the type of equipment needed (e.g., stamping presses,
injection molding machines, spot-welders, etc.) and the process cycle times. The result is
a thorough and explicit model of the production process, which includes space, conveyor,
and equipment requirements by planned production level.

The BOMs incorporate all materials, components, and fasteners, classified as
either raw materials or purchased parts and assemblies. The classification into raw
materials or purchased parts is based on DOE’s previous industry experience, recent
information in trade publications, and discussions with high- and low-volume original
equipment manufacturers (OEMs).

For purchased parts, the purchase price is an estimate based on volume-variable
price quotations and detailed discussions with suppliers. For fabricated parts, the price of
intermediate materials (e.g., tube, sheet metal) and the cost of transforming them into
finished parts are an estimate based on current industry pricing. DOE shared major
assumptions and estimates with manufacturers during the engineering manufacturer
interviews to gain feedback on the analysis, its methodology, and preliminary results.
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The cost of raw materials is determined using prices for copper, steel and
aluminum from the American Metals Market.> Because DOE is using a 5-year average
in material prices from 2009-2013, these price increases are normalized, which better
represents long-term material prices.

5.5.2.3 Cost Structure of the Spreadsheet Models

The manufacturing cost assessment methodology used is a detailed, component-
focused technique for rigorously calculating the manufacturing cost of a product (direct
materials, direct labor and some overhead costs.) Figure 5.5.1 shows the three major steps
in generating the manufacturing cost.

Raw Fabrication Finished

[Materials IMaterials
Bill of Processes Asserribly
Materials | Purchased Parts | Processes

Figure 5.5.1 Manufacturing Cost Assessment Stages

The first step in the manufacturing cost assessment is the creation of a complete
and structured BOM from the disassembly of the units selected for teardown. The units
are dismantled, and each part is characterized according to weight, manufacturing
processes used, dimensions, material, and quantity. The BOM incorporates all materials,
components, and fasteners with estimates of raw material costs and purchased part costs.
Assumptions on the sourcing of parts and in-house fabrication are based on industry
experience, information in trade publications, and discussions with manufacturers.
Interviews and plant visits are also conducted with manufacturers to ensure accuracy on
methodology and pricing.

Following the development of a detailed BOM, the major manufacturing
processes are identified and developed for the spreadsheet model. These processes are
listed in Table 5.5.1.

Table 5.5.1 Major Manufacturing Processes

Fabrication Finishing Assembly/Joining Quality Control
Injection Molding Washing Adhesive Bonding Inspecting & Testing
Stamping/Pressing Powder Coating Spot Welding

Turret Punching De-burring Seam Welding

Brake Forming Polishing Brazing

Cutting and Shearing

Tube Forming

Fabrication process cycle times are estimated and entered into the BOM. For this
analysis, $9.10 per hour was used as the average fully-burdened labor rate based on
typical annual wages and benefits of industry employees. Labor rates for manufacturers
of standard size PTACs and PTHPs are based on the weighted averages of foreign and
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domestic manufacturers. Certain large manufacturers of PTACs and PTHPs make their
equipment in foreign factories, where labor rates are significantly less than domestic
rates. Foreign labor rates are based on engineering manufacturer interviews, internal
expertise, and industry literature research. In the final step of the cost assessment,
assembly times and associated direct labor costs are estimated. Once the cost estimate for
each teardown unit is finalized, a detailed summary is prepared for relevant components,
subassemblies and processes. The BOM thus details all aspects of unit costs.

Design options used in units subject to teardown are noted in the summary sheet
of each cost model and are cost-estimated individually. Thus, various implementations of
design options can be accommodated, ranging from assemblies that are entirely
purchased to units that are made entirely from raw materials. Hybrid assemblies,
consisting of purchased parts and parts made on site are thus also accommodated.

5.5.3 Shipping Costs

In addition to the MPC, DOE also considered the cost to ship the unit from the
manufacturing facility to the first point on the distribution chain. In calculating the
shipping costs, DOE first gathered estimates of the cost to ship a standard-size shipping
container of manufactured equipment from China to the United States, and the cost to
ship the equipment an average distance in the United States. The bulk of PTAC and
PTHP shipments originate from factories in China, but one major manufacturer of
standard size PTACs and PTHPs produces units in the United States. Using the relative
market shares for standard size equipment manufacturers, DOE constructed a weighted
average shipping cost to account for units produced domestically and overseas. DOE
then used the representative unit sizes to calculate a volume for each unit. Along with the
dimensions of a shipping container, DOE used this cost and volume information to
develop an average shipping cost for each equipment class analyzed.

5.5.4 Equipment Testing

DOE conducted equipment testing to verify the energy use of equipment and to
develop a better understanding of the potential efficiency improvements associated with
various design options and to develop disaggregated efficiency data. DOE contracted
with qualified third-party test laboratories to test the capacity, EER, and COP of the
equipment using the DOE test procedures for PTACs and PTHPs (see 10 CFR 431.96).

56  ANALYSIS AND RESULTS
DOE conducted the engineering analysis using the efficiency-level approach and
the reverse-engineering approach, analyzing two specific cooling capacities to represent

the range of standard-size PTACs and PTHPs available on the market. As discussed in
section 5.6.1, DOE selected representative capacities of 9,000 Btu/h and 15,000 Btu/h, ,
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5.6.1 Manufacturer Interviews

As discussed in section 5.5.1, DOE conducted confidential interviews with PTAC
and PTHP manufacturers. From the manufacturers interviewed, DOE collected a general
impression of PTAC and PTHP equipment on the market. Interviewed manufacturers
indicated that all of the equipment covered in this rulemaking currently use rotary
compressors, round-tube-and-fin heat exchangers, and R-410A refrigerant.

Manufacturers employ different design strategies in terms of compressor
selection, indoor and outdoor fan motor selection, and heat exchanger design.
Manufacturers interviewed noted that selecting higher efficiency motors and compressors
can increase system efficiency. Manufacturers also commented that increasing the size of
the heat exchangers in a unit increases efficiency, though this use of this option is limited
in larger capacity models (such as 15,000 Btu/h models) because of size constraints.
Manufacturers noted that standard-size PTACs and PTHPs are limited in terms of case
size because the units are typically installed in wall openings of 16 inches high by 42
inches wide. These wall opening dimensions were standardized in buildings over the past
25 years. DOE understood from manufacturers that altering existing wall sleeve openings
could include extensive structural changes to a building, could be very costly, and is
therefore rarely done.

5.6.2 Equipment Testing

DOE conducted a market survey of PTAC and PTHP models and their features.
DOE selected six 9,000 Btu/h and five 15,000 Btu/h PTAC models for testing and reverse
engineering. The models were selected to develop a representative sample of the market
at different efficiency levels. DOE selected the units based on the efficiency data
available in the AHRI certification database. Where feasible, DOE selected models for
reverse engineering with low and high capacities from a given manufacturer that are built
on the same platform (i.e., with the same basic design and construction). DOE also
selected five 9,000 Btu/h and four 15,000 Btu/h PTHP models to evaluate the differences
between PTAC and PTHP units. Details about the key features of the tested units are
presented in Table 5.6.1 and Table 5.6.2. DOE notes that the 9,000 Btu/h test unit with
the highest tested efficiency (Test Unit 7) used DC fan motors and a compressor rated at
10.9 EER,; the 15,000 Btu/h test units with the highest tested efficiency rating (Test Unit
16 & 20) used DC fan motors and a compressor rated at 10.5 EER.
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Table 5.6.1 PTAC and PTHP Test Units at 9,000 Btu/h Capacity

Test Unit Description

Feature PTAC PTHP
Test Test Test Test Test Test Test Test Test Test Test
Unitl | Unit2 |[Unit3 | Unit4 |Unit5 |Unit6 | Unit7 Unit8 | Unit9 | Unit10 | Unit 11
Rated Cooling 9000 | 9,000 | 9,000 | 9,700 | 9,500 | 9.700 | 9500 | 9,400 | 9,000 | 9.000 | 9,000
Capacity (Btu/h)
Rated EER (BtwWh) | 11.3 | 115 | 113 | 121 | 127 | 121 | 129 | 127 | 113 | 113 | 115
Rated COP (unitless) - - - - - - 3.6 3.8 3.3 3.3 3.4
Fa&‘;’gea 267 | 267 | 185 | 267 | 248 | 267 | 250 | 255 | 1.85 | 267 | 267
Outdoor | Fin Pitch 19 23 21 19 21 19 20 19 21 19 23
Coil | Tube Rows | 3 2 2 2 3 2 3 3 2 3 2
T“Fi‘; ?D 0200 | 0.200 | 0.250 | 0.250 | 0.200 | 0.250 | 0.250 | 0.250 | 0.250 | 0.200 | 0.200
Outdoor | Type PSC | PSC | PSC | PSC | BLDC | PSC | BLDC | BLDC | PSC | PSC | PSC
NT gtr(‘) .| Power (hp) | 0.054 | 0.040 | 0.028 | 0.087 | 0.067 | 0.037 | 0.067 | 0060 | 0028 | 0.054 | 0.040
Faffft’é)rea 208 | 193 | 234 | 187 | 188 | 1.87 | 1.8 | 187 | 234 | 208 | 1.93
Indoor | Fin Pitch 18 18 18 19 19 19 19 21 18 18 18
Coil | TubeRows | 2 2 3 2 2 2 2 2 3 2 2
T“Fi‘; ?D 0313 | 0375 | 0313 | 0250 | 0.375 | 0250 | 0375 | 0.250 | 0.313 | 0.313 | 0.375
Indoor Type PSC | PSC | PSC | PSC | BLDC | PSC | BLDC | BLDC | PSC | PSC | PSC
NT gtr(‘) .| Power (hp) | 0.028 | 0.020 | 0.054 | 0.042 | 0040 | 0.042 | 0.040 | 0048 | 0028 | 0.028 | 0.020
Capacity | - j29 | 7895 | 7.895 | 7.895 | 7.900 | 7,895 | 8700 | 7.895 | Not | 7.438 | 7.895
Com- (Btu/h) ooord.
. ol
pressor Ef(f'ECE";”)Cy 101 | 101 | 101 | 101 9.7 101 | 109 | 101 ed 101 | 101

*All test units were observed to have a single-speed rotary compressor using refrigerant R-410a.
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Table 5.6.2 PTAC and PTHP Test Units at 15,000 Btu/h Capacity

Test Unit Description

Feature PTAC PTHP
Test Test Test Test Test Test Test Test Test
Unit 12 Unit 13 Unit 14 Unit 15 Unit 16 Unit17 | Unit 18 Unit 19 Unit 20
Rated C‘Zg't'u”/%)capac'ty 15,000 | 14,400 | 15,000 | 15,000 | 14,200 | 15100 | 14,400 | 15,000 | 14,200
Rated EER (Btu/Wh) 100 105 98 10.0 9.7 112 108 98 9.7
Rated COP (unitless) - - - - - 3.1 3.3 2.9 3.0
Fagf‘x‘)rea 253 2.44 241 253 256 248 255 241 256
O‘ggﬁor Fin Pitch 24 19 18 24 20 20 19 18 20
Tube Rows 2 3 3 2 2 3 3 3 2
Tube OD (in) | 0200 | 0250 | 0325 | 0.200 0375 | 0250 | 0250 | 0325 | 0375
Outdoor Type PSC PSC PSC PSC PSC BLDC | BLDC PSC PSC
MF(‘;"{(') .| Power (hp) 0094 | 0060 | 0088 | 0094 0094 | 0067 | 0060 | 0088 | 0.094
Fagf‘x‘)rea 208 | 187 | 18 | 208 179 | 183 | 187 | 18 | 179
”g;’i‘l“ Fin Pitch 18 19 19 18 18 19 21 19 18
Tube Rows 2 2 3 2 3 2 3 3 3
Tube OD (in.) | 0.375 | 0250 | 0313 | 0.375 0313 | 0375 | 0250 | 0313 | 0313
Indoor Type PSC PSC PSC PSC PSC BLDC | BLDC PSC PSC
NT gtr; .| Power (hp) 0034 | 0042 | 0030 | 0034 0034 | 0040 | 0048 | 0031 | 0.034
Capacity 14505 | 13529 | 14,758 | 14505 | 14481 | 14505 | 13529 | 14,758 | 14481
Com- (Btu/h)
. ol
pressor Ef(f'ECE';”)Cy 103 9.8 9.9 103 105 103 98 9.9 105

*All test units were observed to have a single-speed rotary compressor using refrigerant R-410a.
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DOE conducted testing on each unit according to the current Federal test

procedure for PTACs and PTHPs. Table 5.6.3 shows the test results of selected PTAC
and PTHP units. DOE observed that the maximum deviation of tested and rated cooling
capacity was +8.9 percent, and the maximum deviation of tested EER and rated EER was

-7.1 percent.
Table 5.6.3 Test Results of Selected PTAC and PTHP Units
Parameter
Test Cziﬁ?gg Rated Rated C-roegltf:g Tested Tested
Unit Type Capacity EER C.OP Capacity EER C.OP
(Btu/h) (Btu/Wh) | (unitless) (Btu/h) (Btu/Wh) | (unitless)

1 PTAC 9,000 11.3 - 8,280 10.7 -
2 PTAC 9,000 11.5 - 8,849 10.9 -
3 PTAC 9,000 11.3 - 8,831 11.1 -
4 PTAC 9,700 12.1 - 9,637 12.0 -
5 PTAC 9,500 12.7 - 9,654 12.4 -
6 PTAC 9,700 12.1 - 9,737 12.3 -
7 PTHP 9,500 12.9 3.6 9,691 12.4 35
8 PTHP 9,400 12.7 3.8 9,673 12.9 3.6
9 PTHP 9,000 11.3 3.3 9,798 11.6 3.5
10 PTHP 9,000 11.3 3.3 9,298 11.5 3.3
11 PTHP 9,000 11.5 3.4 9,541 11.7 3.5
12 PTAC 15,000 10.0 - 15,037 10.0 -
13 PTAC 14,400 10.5 - 14,450 10.5 -
14 PTAC 15,000 9.8 - 15,635 10.3 -
15 PTAC 15,000 10.0 - 15,088 10.0 -
16 PTAC 15,100 11.2 3.1 14,871 10.4 -
17 PTHP 14,200 9.7 3.0 14,785 9.9 3.0
18 PTHP 14,400 10.8 3.3 14,590 11.0 3.3
19 PTHP 15,000 9.8 2.9 15,394 10.3 2.9
20 PTHP 15,100 11.2 3.1 * * *

* Testing on Test Unit 20 failed repeatedly due to frosting on the outdoor heat exchanger.
No test data is available for this unit.
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5.6.3 Equipment Teardown

As part of the reverse engineering analyses, DOE conducted physical teardowns
on each test unit® to develop a manufacturing cost model and to evaluate and identify
design details of key components (e.g., heat exchangers, compressors, fans and fan
motors, control strategies, etc.) and the corresponding manufacturing cost of each unit.

Based upon product teardowns, DOE developed the following baseline production
cost distributions and materials cost distributions for typical PTACs, shown in Figure
5.6.1 through Figure 5.6.4. Production cost distributions include raw material, purchased
parts, labor (assembly, fabrication, supervision, and indirect labor), depreciation
(equipment, tooling, and building depreciation), and other overhead (indirect process,
maintenance, utility, property tax, and insurance) costs.

¢ For test units #6, 9, 11, 12, 15, 17, and 20, DOE conducted a partial teardown, examining key components
(heat exchangers, compressors, fans/motors, controls, etc.) and basic design construction without fully
disassembling the unit.
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Figure 5.6.4 Baseline 15,000 Btu/h PTAC Materials Cost Distribution
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5.6.4 Cost-Efficiency Results

The reverse engineering analysis provides MPC data and tested efficiency data for
the selected set of PTAC and PTHP units. DOE assembled this data into four groups,
organized by cooling capacity (9,000 Btu/h and 15,000 Btu/h) and equipment type
(PTAC and PTHP). DOE used the least squares method to fit second-order polynomial
curves to the cost-efficiency data for each group. Figure 5.6.5 through Figure 5.6.8 show
the four cost-efficiency curves in the form of EER versus MPC. These four cost curves
are pictured together in Figure 5.6.9.
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Figure 5.6.5 Manufacturer Production Cost (2013$) versus Efficiency for Standard
Size PTACs with a Cooling Capacity of 9,000 Btu/h
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Figure 5.6.8 Manufacturer Production Cost (2013$) versus Efficiency for Standard
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The results show that the cost-efficiency curves are nonlinear. As efficiency
increases, manufacturing becomes more difficult and more costly for manufacturers. A
faster increase in the curve (i.e., a steeper slope) is evident for the standard size PTACs
and PTHPs with 15,000 Btu/h cooling capacity compared to the standard size PTACs and
PTHPs with 9,000 Btu/h cooling capacity. The increase in capacity between 9,000 Btu/h
and 15,000 Btu/h causes an increase in the baseline unit MPC. Comparing otherwise-
identical PTAC and PTHP models (i.e., models with similar casing, controls, and fans,
but where the PTHP has reverse cycle capability), DOE estimates that the typical PTHP
unit has an additional $37-$38 of production costs compared with an otherwise-identical
PTAC unit.

As stated above, the cost efficiency results from the engineering analysis are an
input to subsequent LCC analyses that determine the customer price of PTACs and
PTHPs (see chapter 8, life-cycle cost and payback period analyses). For these inputs,
DOE used the cost-efficiency curves above to calculate the MPCs at each efficiency level
considered. DOE used the curve-fit equations presented in Figure 5.6.5 through Figure
5.6.8 to calculate the estimated MPC for each of the efficiency levels for PTACs and
PTHPs. These results are shown in Table 5.6.4 through Table 5.6.7.

Table 5.6.4. Cost-Efficiency Relationship for PTACs at 9,000 Btu/h Capacity

(ngéﬂte;gcgs IF:I\;etIive Ma_nufactu rer Incremen_tal Manufacturer | Incremental Shipping
to 2012 PTAC ECS) Production Cost (2013%) Production Cost (20133) Cost (20139%)
Baseline, EL1, 1.8% $359.62 - -

EL2, 4% $363.50 $3.88 -

EL3, 8% $367.55 $7.93 -

EL4, 12% $376.19 $16.57 -

EL5, 16% $385.52 $25.91 -
EL6, 18% (Max-Tech) $395.56 $35.94 -

Table 5.6.5. Cost-Efficiency Relationship for PTHPs at 9,000 Btu/h Capacity

(PeErEc:;:te;gCeys IF((:I\;etlive Ma_nufactu rer Incremen_tal Manufacturer | Incremental Shipping
to 2012 PTAC ECS) Production Cost (2013$) Production Cost (20133) Cost (2013%)
Baseline, 1.8% $398.09 - -
EL1, 4% $401.97 $3.88 -
EL2, 8% $406.02 $7.93 -
EL3, 12% $414.66 $16.57 -
EL4, 16% $423.99 $25.91 -
EL5, 18% (Max-Tech) $434.03 $35.94 -
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Table 5.6.6. Cost-Efficiency Relationship for PTACs at 15,000 Btu/h Capacity

(Piﬁéﬂf;gcé IFEI\;etlive Ma_nufactu rer Incremen_tal Manufacturer | Incremental Shipping
to 2012 PTAC ECS) Production Cost (20133%) Production Cost (2013%) Cost (20139%)
Baseline, EL1, 1.8% $391.78 - -
EL2, 4% $395.51 $3.73 -
EL3, 8% $400.08 $8.29 -
EL4, 12% $411.75 $19.96 -
EL5, 16% $426.79 $35.00 -
EL6, 18% (Max-Tech) $445.20 $53.42 -
Table 5.6.7. Cost-Efficiency Relationship for PTHPs at 15,000 Btu/h Capacity

Efficiency Level

(Percentages relative Ma_nufacturer Incremen_tal Manufacturer | Incremental Shipping
to 2012 PTAC ECS) Production Cost (2013%) Production Cost (20133) Cost (20133%)
Baseline $428.99 - -
EL1, 4% $432.72 $3.73 -
EL2, 8% $437.29 $8.29 -
EL3, 12% $448.96 $19.96 -
EL4, 16% $464.00 $35.00 -
EL5, 18% (Max-Tech) $482.41 $53.42 -
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CHAPTER 6. MARKUPS ANALYSIS

6.1 INTRODUCTION

To carry out the life-cycle cost (LCC) calculations described in Chapter 8 of this
technical support document (TSD), the U.S. Department of Energy (DOE) needed to determine
the cost to the commercial consumer of a baseline packaged terminal air conditioner (PTAC) or
packaged terminal heat pump (PTHP), and the cost of the more-efficient unit the consumer
would purchase under the standards. However, the commercial consumer price of such units is
not generally known. What is known is the manufacturer’s price for both baseline equipment and
the more-efficient equipment. By applying a multiplier called a “markup” to the manufacturer’s
price, DOE was able to estimate the commercial consumer’s price. This chapter describes how
DOE derived such markups.

The equipment price to the commercial consumer depends on how the consumer
purchases the equipment. The Department defines two primary types of distribution channels to
describe how the equipment passes from the manufacturer to the consumer: (1) in the first type
of distribution channel, the manufacturer sells the equipment to a wholesaler, who in turn may
sell it to a mechanical contractor, who in turn may sell it (and its installation) to a general
contractor, who in turn sells it to the consumer; (2) in the second type of distribution channel, the
manufacturer sells the equipment directly to the consumer through a national account. The
Department has further subdivided the distribution channels for new and replacement equipment.

For wholesalers and contractors, DOE estimated a baseline markup and an incremental
markup. DOE defined a baseline markup as a multiplier that converts the manufacturing selling
price of equipment with baseline efficiency to the consumer purchase price for the equipment at
the same baseline efficiency level. An incremental markup is defined as the multiplier to convert
the incremental increase in manufacturing selling price of higher efficiency equipment to the
consumer purchase price for the same higher efficiency equipment. Because companies mark up
the price to cover business cost and profit margin at each step in the distribution channel, both
baseline and incremental markups are dependent on the particular distribution channel, as
described in section 6.1.1.

6.1.1 Distribution Channels

The appropriate markups for determining consumer equipment prices depend on the type
of distribution channels through which equipment moves from manufacturers to purchasers. At
each point in the distribution channel, companies mark up the price of the equipment to cover
their business costs and profit margin.

There are two primary types of distribution channels describing the way most equipment
passes from the manufacturer to the consumer, one involving distributors and contractors and
one from manufacturer directly to consumer via national accounts. Within these two primary
channels, DOE distinguishes between new and replacement applications; as each application has
a different mechanical contractor markup.
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Distribution channels for new construction applications are shown in Figure 6.1.1. In the
first new construction distribution channel, the manufacturer sells the equipment to a wholesaler,
who in turn sells it to a mechanical contractor, who in turn sells it to a general contractor, who in
turns sells it to the consumer and performs the installation. In the second new construction
distribution channel, the manufacturer sells the equipment to a wholesaler, who in turn sells the
equipment to the consumer. In the third new construction distribution channel, the manufacturer
sells the equipment directly to the consumer through a national account.

Channel 1 Channel 2 Channel 3
Manufacturer Manufacturer
Wholesaler Manufacturer
Mechanical (through
Contractor Wholesaler national
accounts)
General
Contractor
Consumer Consumer Consumer
Figure 6.1.1 Distribution Channels for PTACs and PTHPs in New Construction
Applications

Distribution channels for replacement applications are shown in Figure 6.1.2. In the first
replacement distribution channel, the manufacturer sells the equipment to a wholesaler, who in
turn sells it to a mechanical contractor, who in turn sells it to a general contractor, who in turns
sells it to the consumer and performs the installation. In the second, the manufacturer sells the
equipment to a wholesaler, who in turn sells the equipment to the consumer. In the third, the
manufacturer sells the equipment to a wholesaler, who in turn sells it to a mechanical contractor,
who sells it to the consumer and performs the installation.

Channel 1 Channel 2 Channel 3
Manufacturer Manufacturer Manufacturer
Wholesaler Wholesaler

Mechanical

Contractor Wholesaler Mechanical
General Contractor

Contractor

Consumer Consumer Consumer

Figure 6.1.2 Distribution Channels for PTACs and PTHPs in Replacement Applications

Table 6.1.1 lists each distribution channel’s share of the full PTAC and PTHP market.
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Table 6.1.1 Shares of Market by Distribution Channel

Distribution Channel New | Replacement
Wholesaler-Consumer 30% 15%
Wholesaler-Mech Contractor-End User 0% 25%
Wholesaler-Mech Contractor-General Contractor-Consumer 38% 60%
National Account 32% 0%
Total 100% 100%

6.2 MARKUP CALCULATION METHODOLOGY

At each point in the distribution channel, companies mark up the price of the equipment
to cover their business costs and profit margin. In financial statements, gross margin is the
difference between the company revenue and the company cost of sales or cost of goods sold
(CGS). The gross margin includes company profits and the expenses of companies in the
distribution channel, which include overhead costs (sales, general, and administration), research
and development (R&D) and interest expenses, depreciation, and taxes. In order for sales of
equipment to contribute positively to company cash flow, the equipment’s markup must be
greater than the corporate gross margin. Equipment commands lower or higher markups,
depending on company expenses associated with the equipment and the degree of market
competition.

Equipment manufacturers sell most of their equipment directly to wholesalers.
Wholesalers sell to contractors or consumers at the wholesale price. Wholesalers absorb short-
term imbalances in supply and demand, allowing manufacturers to operate more efficiently and
satisfying consumer needs for fast deliveries. In addition, wholesalers are important sources for
parts. Most contractors compete at the local level. Many carry more than one brand of
equipment, and most install the equipment they sell.

In addition to the wholesaler and mechanical contractor markups, the general contractor
adds a markup. In retrofit installations, sales tax applies to the final consumer cost.

6.3 APPROACH FOR CALCULATING OVERALL MARKUP

6.3.1 Baseline Markups: New Construction

DOE used the overall baseline markup to estimate the consumer product price of baseline
models, given the manufacturer cost of the baseline models. DOE considers baseline models to
be equipment sold under existing market conditions (i.e., without new energy conservation
standards). The following equation shows how DOE used baseline markups to determine the
product price for baseline models in the first new construction distribution channel.

6-3




CPPppsg = COSTypg X (MUMFG X MUy hoLeg s X MUmconTRACT g psE X MUGCONTRACTBASE)
= COSTyre X MUpygraLr_ase 1

Where:

CPPgase = consumer product price for baseline models,
COSTwrG = manufacturer cost for baseline models,
MUwmEeG = manufacturer markup,

MUWHOLE_BASE = baseline wholesaler markup,

MUwmconTracT Base = baseline mechanical contractor markup,
MUwmceneraL Base =  baseline general contractor markup, and
MUoveraLL Base 1 =  baseline overall markup.

The following equation shows how DOE used baseline markups to determine the product price
for baseline models in the second new construction distribution channel.

CPPppsg = COSTypg X (MUMFG X MUWHOLEBASE)
= COSTyre X MUpygraLL_Bask 2

Where:

CPPgase = consumer product price for baseline models,
COSTwmrG = manufacturer cost for baseline models,
MUwrg = manufacturer markup,

MUwHoLE Base = baseline wholesaler markup, and

MUoveraLL Base 2 =  baseline overall markup.

6.3.2 Baseline Markups Replacement

The following equation shows how DOE used baseline markups to determine the product
price for baseline models in the first replacement distribution channel.

CPPgpsg = COSTypg X (MUMFG X MUwnoregssp X MUmconTRACT g asE ¥ MUGCONTRACTBASE)
X TAXsarEs

= COSTyrc X MUgygrarL pase 1 X TAXsags

Where:

CPPgase = consumer product price for baseline models,
COSTyrG = manufacturer cost for baseline models,
MUwrg = manufacturer markup,

MUWHOLE_BASE = baseline wholesaler markup,

MUwmconTracT Base = baseline mechanical contractor markup,
MUGconTrRACT BASE = baseline general contractor markup,
TAXsaLes = sales tax, and

MUOVERALL_BASE_l = Dbaseline overall markup.
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The following equation shows how DOE used baseline markups to determine the product
price for baseline models in the second replacement distribution channel.

CPPgpsg = COSType X (MUMFG X MUWHOLEBASE) X TAXsaLEs
= COSTyre X MUoyEraiL Base 2 X TAXsargs

Where:

CPPgase =
COSTMFG =
MUwmrg =
MUwHoLE_Base =
TAXsaLEs =

MUovEerALL BASE 2 =

consumer product price for baseline models,
manufacturer cost for baseline models,
manufacturer markup,

baseline wholesaler markup,

sales tax, and

baseline overall markup.

The following equation shows how DOE used baseline markups to determine the product
price for baseline models in the third replacement distribution channel.

CPPgpsg = COSType X (MUMFG X MUy noLEg e X MUMCONTRACTBASE) X TAXsaLEs
= COSTyrg X MUgvgravt_pase 3 X TAXsares

6.3.3

Where:

CPPgase =
COSTMFG =

MUwFc =
MUwHoLE_Base =
MUwmcoNTRACT BASE =
TAXsaLEs =

MUovERALL BASE 3 =

consumer product price for baseline models,
manufacturer cost for baseline models,
manufacturer markup,

baseline wholesaler markup,

baseline mechanical contractor markup,
sales tax, and

baseline overall markup.

Incremental Markups: New Construction

Similarly, DOE used the overall incremental markup to estimate changes in the consumer
product price, given changes in the manufacturer cost from the baseline model cost resulting
from an energy conservation standard to raise equipment energy efficiency. The total consumer
product price for more energy-efficient models is composed of two components: the consumer
product price of the baseline model and the change in consumer product price associated with the
increase in manufacturer cost to meet the new energy conservation standard.

The following equation shows how DOE used the overall incremental markup to

determine the product price for more energy-efficient models in the first new construction
distribution channel.



CPPEFF = CPPBASE + COSTMFG_INCR

X (M Umrc X MUwhoLe incr X MUyconTrACT INCR X M UGCONTRACT_INCR)
= COSTypg + COSTyrpe incr X MUoygraLL_ iNcR 1

Where:

CPPerr = consumer product price for more-efficient models,
CPPgase = consumer product price for baseline models,
COSTwmEG_INCR = incremental manufacturer cost,

MUwEg = manufacturer markup,

MUwHoLE_INCR = incremental wholesaler markup,

MUwmconTracT incr = Incremental mechanical contractor markup,
MUGconTracT INncr =  incremental general contractor markup, and
MUoveraLL incr 1= incremental overall markup.

The following equation shows how DOE used the overall incremental markup to

determine the product price for more energy-efficient models in the second new construction
distribution channel.

CPPgpr = CPPgysp + COSTypg incr X (M Uyre XM UWHOLE_INCR)
= CPPgysg + COSTyre incr X MUoyERALL INCR 2

Where:

CPPerr = consumer product price for more-efficient models,
CPPgase = consumer product price for baseline models,
COSTwmEG_INCR = incremental manufacturer cost,

MUwEG = manufacturer markup,

MUwHoLE INCR = incremental wholesaler markup, and
MUoveraLL incr 2= incremental overall markup.

6.3.4 Incremental Markups: Replacement

The following equation shows how DOE used the overall incremental markup to

determine the product price for more energy-efficient models in the first replacement distribution
channel.

CPPEFF = CPPBASE + COSTMFG_INCR

X (M Umre X MUy nore inckR X MUyconTracT INCR

X M UGCONTRACT_INCR) X TAXsarEs
= CPPgpsp + COSTyre incr X MUoverais incr 1 X TAXsarEs

Where:
CPPgrr = consumer product price for more-efficient models,
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CPPgase = consumer product price for baseline models,

COSTMmFG_INCR = incremental manufacturer cost,
MUwmEkG = manufacturer markup,
MUwHoLE_INCR = incremental wholesaler markup,

MUwmconTracT incr = Incremental mechanical contractor markup,
MUgcontracT iIncr = incremental general contractor markup,
TAXsaLes = sales tax, and

MUoveraLL incr 1= incremental overall markup.

The following equation shows how DOE used the overall incremental markup to
determine the product price for more energy-efficient models in the second replacement
distribution channel.

CPPgpp = CPPgysg + COSTypg 1ncr X (M Uure X M UWHOLE_INCR) X TAXsa1Es
= COSTumre incr X MUgygrarr incr 2 X TAXsarEs

Where:

CPPgrr = consumer product price for more-efficient models,
CPPgase = consumer product price for baseline models,
COSTwmrG INCR = incremental manufacturer cost,

MUwrG = manufacturer markup,

MUwHoLE_INCR = incremental wholesaler markup,

TAXsaLEs = sales tax, and

MUoveraLL incr 2= incremental overall markup.

The following equation shows how DOE used the overall incremental markup to
determine the product price for more energy-efficient models in the third replacement
distribution channel.

CPPgpp = CPPgysg + COSTypg 1ncr X (M Uure X MUywhore incR X M UMCONTRACT_INCR)
X TAXsaLEs

= COSTumrc incr X MUgygrars incr 3 X TAXsarEs

Where:

CPPerr = consumer product price for more-efficient models,
CPPgase = consumer product price for baseline models,
COSTwmEG_INCR = incremental manufacturer cost,

MUwmEeG = manufacturer markup,

MUwHoLE_INcR = incremental wholesaler markup,
MUwmconTracT incr = Incremental mechanical contractor markup,
TAXsaLEs = sales tax, and

MUoveraLL incr 3= Incremental overall markup.



6.3.5 Approach for Calculating Overall Markup of the National Accounts Distribution
Channel

Equipment purchased through national accounts is an exception to the usual distribution
of heating, ventilating, and air conditioning (HVAC) equipment to end users. Large commercial
consumers of HVAC equipment use national accounts to circumvent the typical chain of
distribution, thereby allowing them to negotiate equipment prices directly with the manufacturer.
Due to the large volume of equipment purchased, large commercial consumers, such as national
retail chains, are able to purchase equipment directly from the manufacturer at significantly
lower prices than could be obtained through the typical distribution chain.

To capture the price savings realized from equipment purchased through national
accounts, DOE derived a “national account” markup, assuming that the resulting equipment price
increase was one half of that realized from a typical chain of distribution. In other words, if the
price increase resulting from the product of the wholesale, mechanical contractor, and general
contractor markups is $100, the “national account” markup is such that the price increase is one-
half of that, or $50. The Department based the use of a “national account” markup that is one-
half of that realized from a typical chain of distribution on the assumption that the resulting
“national account” equipment price must fall somewhere between the manufacturer price (i.e., a
markup of 1.0) and the commercial consumer price under a typical chain of distribution. Because
DOE did not know typical values for the actual “national account” equipment price, it chose a
value of one-half.

The estimates of national account markups are arrived at through a weighted average of
the overall markups for the other new construction distribution channels. Of all PTAC and
PTHP equipment used in new construction, 30 percent are sold directly from wholesaler to end
user, 38 percent involve mechanical and general contractors, and the remaining 32 percent are
sold through national accounts.

The national account baseline markups for new construction are calculated using the
following equations:

MUWTD_BASE =01 X MUOVERALL_BASE_l + 0z X MUOVERALL_BASE_Z

Where:

MUwrp gase = Weighted average baseline markup of typical distribution channels,

MUoveraLL Base 1= overall baseline markup for distribution channel 1 (wholesaler to
end user),

MUoveraLL Base 2= overall baseline markup for distribution channel 2 (involving
contractors),

o, = share of sales through distribution channel 1, and

o, = share of sales through distribution channel 2.

The half of the overall baseline markup proportion above cost is then calculated as
follows:



MUWTD_BASE -1

PNA_MU_BASE = >
Where:
PNA_MU_BASE = national account baseline markup proportion above cost.
MUwrp_gase = weighted average baseline markup of typical distribution channels.

Adding 1 to the national account baseline markup proportion above cost, DOE arrives at
the estimated national account baseline markup:

MUBASE_NA =1+ PNA_MU_BASE

Where:

MUgase na=  national account baseline markup, and
PNA MU_BAse = hational account baseline markup proportion above cost.

The national account incremental markups for new construction are calculated using the
following equations:

MUWTD_INCR =01 X MUOVERALL_INCR_1+O-2 X MUOVERALL_INCR_Z

Where:

MUwrp incr = Weighted average incremental markup of typical distribution channels.
MUoveraLL incr 1= overall incremental markup for distribution channel 1,
MUoveraLL incr 2= overall incremental markup for distribution channel 2,

o, = share of sales through distribution channel 1, and

o, = share of sales through distribution channel 2.

MUwrtp_INcrR — 1

PNA_MU_INCR =

2

Where:

PNA_MU_INCR = national account incremental markup proportion above cost.

MUwTp_iNcr = weighted average incremental markup of typical distribution
channels.

Adding 1 to the national account incremental markup proportion above cost, DOE arrives
at the estimated national account incremental markup:

MUINCR_NA =1+ PNA_MU_INCR

Where:



MUncr na=  National account incremental markup, and
PNA MU INCR = National account incremental markup proportion above cost.

6.4 APPROACH FOR CALCULATING MANUFACTURER MARKUP

DOE uses manufacturer markups to transform a manufacturer’s product cost into a
manufacturer sales price. Using the CGS and gross margin, the manufacturer markup can be
calculated as follows:

MU =
MFG CGSMFG
Where:
MUwEG = manufacturer markup,
CGSwurg = manufacturer cost of goods sold, and
GMyec = manufacturer gross margin.

6.5 APPROACH FOR CALCULATING WHOLESALER AND CONTRACTOR
MARKUPS

DOE examined the manner in which markups change by efficiency level and other
factors for wholesalers and contractors. DOE determined that markups are neither fixed-dollar,
nor proportional to all direct costs, which means that the selling price of equipment may not be
strictly proportional to the purchase price of the equipment. Using the available data, DOE has
found measurable differences between incremental markups on direct equipment costs and the
average aggregate markup on direct business costs. Additionally, DOE discovered significant
differences between average and incremental markups for heating, ventilation, air-conditioning
and refrigeration (HVACR) wholesalers and for HVAC contractors.

The main reason that the selling price of equipment may not be strictly proportional to
the purchase price of the equipment is that businesses incur a wide variety of costs. When the
purchase price of equipment and materials increases, only a fraction of the business expenses
increase, while the remainder of the business’ expenses stays relatively constant. Certain
business expenses are uncorrelated with the cost of equipment or cost of goods. For example, if
the unit price of an air conditioner increases by 30 percent, it is unlikely that the cost of
secretarial support in an administrative office will increase by 30 percent also.

6.5.1 Key Data Sources and Assumptions of the Markups Methodology

DOE derived the wholesaler and contractor markups from three key assumptions about
the costs associated with PTAC and PTHP equipment. DOE based the wholesaler and
mechanical contractor markups on firm-level income statement data, while it based the general
contractor markups on U.S. Census Bureau data for the commercial building construction
industry. DOE obtained the firm income statements from the Heating, Air-conditioning &
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Refrigeration Distributors International (HARDI) 2010 Profit Planning Report and from the Air
Conditioning Contractors of America (ACCA).l' 2 HARDI and ACCA are trade associations
representing wholesalers and mechanical contractors, respectively. DOE used the financial data
from the 2007 U.S. Economic Census to develop general contractor markups in the same form as
the income statement data for wholesalers and mechanical contractors.® * Additionally, DOE
used 2007 Economic Census data to supplement the income statement data obtained from
ACCA. These income statements break down the components of all costs incurred by firms that
supply and install air conditioning equipment.?

The key assumptions used to estimate markups using these financial data are:

1. The firm income statements faithfully represent the industry average for the various costs
incurred by firms distributing and installing HVAC equipment including commercial air
conditioners.

2. These costs can be divided into two categories: 1) costs that vary in proportion to the
manufacturer selling price (MSP) of commercial air conditioners (variant costs); and 2)
costs that do not vary with the MSP commercial air conditioners (invariant costs).

3. Overall, commercial air-conditioner wholesaler and contractor prices vary in proportion
to commercial air conditioner wholesaler and contractor costs included in the income
statements.

In support of the first assumption, the income statements itemize firm costs into a number
of expense categories, including direct costs to purchase or install the equipment, operating labor
and occupancy costs, and other operating costs and profit. Although wholesalers and contractors
tend to handle multiple commodity lines, including room air conditioners, furnaces, central air
conditioners and heat pumps, and boilers, the data provide the most accurate available indication
of the expenses associated with commercial air conditioners.

Information obtained from the trade literature, and from selected HVAC wholesalers,
contractors, and consultants, tends to support the second assumption; this information indicates
that wholesale and contractor markups vary according to the quantity of labor and materials used
to distribute and install equipment. In its analysis, DOE assumes a division of costs between
those that do not scale with the manufacturer price (labor and occupancy expenses), and those
that do (operating expenses and profit). This division of costs led to the estimate of wholesale
and contractor markups described subsequently.

In support of the third assumption, the HVAC wholesaler and contractor industry is
competitive, and consumer demand for commercial heating and air conditioning is inelastic, i.e.,
the demand is not expected to decrease significantly with an increase in price of equipment. The

 Wholesalers and mechanical contractors to which these reports refer handle multiple commodity lines, including
residential and commercial air-conditioners.
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large number of HVAC firms listed in the 2007 Census indicates the competitive nature of the
market. For example, there are more than 700 HVAC manufacturers,” 5,300 wholesalers of heat
pumps and air-conditioning equipment,6 more than 170,000 general residential contractors,
36,000 commercial and institutional building contractors,” ® and 91,000 HVAC contractors listed
in the 2007 Census.’ Additionally, the 2007 Census estimated that the four firm concentration
ratio (FFCR) for the HVAC wholesale sector is 29.7%.'° The FFCR is the market share of the
four largest firms in the industry; an FFCR under 40% represents a competitive industry.”’ 12
Following standard economic theory, competitive firms facing inelastic demand either set prices
in line with costs or quickly go out of business.™®

6.5.2 Approach for Wholesaler Markups

Using these assumptions, DOE developed baseline and incremental markups for
wholesalers using the firm income statement from the (HARDI 2010 Profit Report). (See
Appendix 6-A.) DOE used the baseline markups, which cover all of the wholesaler’s costs (both
invariant costs and variant costs), to determine the sales price of baseline models. Here variant
costs were defined as costs that vary in proportion to the change in MSP induced by increased
efficiency standards; in contrast, invariant costs were defined as costs that do not vary in
proportion to the change in MSP due to increased efficiency standards. The baseline markup
relates the manufacturer sales price to the wholesaler sales price. DOE calculated the baseline
markup for wholesalers using the following equation:

CGSwroLe + GMypoLe _ CGSwhoLe + UVCwhoLe + VCwhoLE)

MUy hoLe Base =
- CGSwhoLe CGSwhoLE
Where:
MUWHOLE_BASE = baseline wholesaler markup,
CGSwhoLE = wholesaler cost of goods sold,
GMwhoLe = wholesaler gross margin,
IVCwHoLE = wholesaler invariant costs, and
VCwHolLE = wholesaler variant costs.

Incremental markups relate the change in the manufacturer sales price of more energy-
efficient models, or those equipment that meet the requirements of new energy conservation
standards, to the change in the wholesaler sales price. Incremental markups cover only those
costs that scale with a change in the manufacturer sales price (i.e., variant costs, VC). DOE
calculated the incremental markup for wholesalers using the following equation:

CGSwrhoLe + VCwroLe

MU WHOLE_INCR =

CGSWHOLE
Where:
MUwhoLE_INcR = incremental wholesaler markup,
CGSwhoLE = wholesaler cost of goods sold, and
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VCwHoLE= wholesaler variant costs.

These data are provided for seven regions, which are defined similarly to Census
Divisions. Each state is assigned the baseline and incremental wholesaler markup of the region
to which it is assigned by HARDI.

6.5.3 Approach for Mechanical Contractor Markups

Similar financial data to that used to estimate wholesaler markups are also available for
mechanical contractors and general contractors from ACCA and the 2007 Economic Census.”®
To estimate mechanical contractor markups for commercial air conditioners, DOE collected
financial data from ACCA and from the Plumbing, Heating and Air-Conditioning Contractors
(NAICS 23822) data series of the 2007 Economic Census. This data series provides limited data
at the state level and highly detailed national aggregate data. As the Census data is the most
recent, DOE relies on it as the primary source for this analysis, using the greater detail of the
ACCA data to refine the estimates.

The 2007 Economic Census data include the number of establishments, payroll for
construction workers, value of construction, cost of materials, and cost of subcontracted work at
both the state and national levels. DOE calculated national average and state-level estimates of
the baseline markup for mechanical contractors and general contractors using the following
equation:

MU — VCONSTRUCT
BASE ™ PAY + MATCOST + SUBCOST

Where:
MUgase = baseline mechanical contractor or general contractor markup,
VconsTRUCT = value of construction,
PAY = payroll for construction workers,
MATCOST = cost of materials, and
SUBCOST = cost of subcontracted work.

Analogously to the wholesaler markup, DOE estimated the national average incremental
mechanical contractor markup by only considering those costs that scale with a change in the
manufacturer sales price (variant costs, VC) for higher efficiency equipment. Necessary data to
perform the incremental markups calculation were not available at the state level. As stated in
section 6.5.1, DOE assumes a division of costs between those that do not scale with the
manufacturer price (labor and occupancy expenses) and those that do (other operating expenses
and profit). Hence, DOE categorized the 2007 Economic Census cost data in each major cost
category and estimated incremental contractor markups using the following equation:

CGScontract + VCcontraCT

MU CONTRACT_INCR = CGS
CONTRACT

Where:
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MUcontracT INcR=  Incremental contractor markup,
CGScontracT = contractor cost of goods sold, and
VCconTRACT= contractor variant costs.

ACCA financial data provide gross margin (GM) as percent of sales for several market
subcategories of mechanical contractor (e.g., residential and commercial, new construction and
replacement, small and large companies, etc.). In this analysis, DOE distinguishes between
replacement and new construction applications. From the ACCA data, baseline mechanical
markups are estimated for replacement, new construction, and the overall average of all
mechanical contractors. The mechanical contractor markups estimated from the 2007 Economic
Census data were scaled by applying the following factors developed from the ACCA data:

MU — SALESykr seement (%)
MKTSEGMENT ™ SALESykr seement (%) — GMyxr seament (%)

. _ SALESpyL1, mxr (%)
FULL_ MKT SALESFULL_MKT (%) - GMFULL_MKT (%)

MU
MKT MODIFIER = MKT_SEGMENT

MUFULL_MKT
Where:

MKT_MODIFIER = factor used to disaggregate replacement and new construction
mechanical contractor applications from the 2007 Economic
Census data for the overall market,

SALESwkr seament = sales of the relevant market segment (i.e., replacement or new
construction),

SALESkyLL mkT = sales of the overall mechanical contractor industry,

GMwkT SeGMENT = gross margin of the relevant market segment,

GMeuLL vkt = gross margin of the overall mechanical contractor industry,
MUwmKT seGMENT = baseline markup of the relevant market segment, and

MUFuLL MkT = baseline markup of the overall mechanical contractor industry.

DOE estimated state-level incremental mechanical contractor markups by calculating the
ratio of the national average incremental markup to the national average baseline markup. This
ratio was then used to scale the state-level baseline markups, arriving at a state-level estimate of
incremental mechanical contractor markups.

6.5.4 Approach for General Contractor Markups

To estimate general contractor markups, DOE collected data from the Commercial and
Institutional Building Construction series from the 2007 Economic Census (NAICS 236220). As
for mechanical contractors, the 2007 Economic Census data include the number of
establishments, payroll for construction workers, value of construction, cost of materials, and
cost of subcontracted work at both the state and national levels. DOE estimated the baseline
markup for general contractors using the following equation:
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VCONSTRUCT

MUsase = Ay ¥ MATCOST + SUBCOST
Where:
MUgase = baseline general contractor markup,
VconsTrRUCT = value of construction,
PAY = payroll for construction workers,
MATCOST = cost of materials, and
SUBCOST = cost of subcontracted work.

DOE estimated the national average incremental general contractor markups by
considering only those costs that scale with a change in the manufacturer sales price (variant
costs, VC) for higher efficiency equipment. Necessary data to perform the incremental markups
calculation was not available at the state level. As stated in section 6.5.1, DOE assumes a
division of costs between those that do not scale with the manufacturer price (labor and
occupancy expenses) and those that do (other operating expenses and profit). Hence, DOE
categorized the 2007 Economic Census cost data in each major cost category and estimated
incremental general contractor markups using the following equation:

CGScontracr + VCcontracr

MU, CONTRACT_INCR =

CGSCONTRACT
Where:
MUcontracT iINcr=  incremental contractor markup,
CGScontracT = contractor cost of goods sold, and
VCcontrACT= contractor variant costs.

DOE estimated state-level incremental general contractor markups by calculating the
ratio of the national average incremental markup to the national average baseline markup. This
ratio was then used to scale the state-level baseline markups, arriving at a state-level estimate of
incremental general contractor markups.

6.6 DERIVATION OF MARKUPS

6.6.1 Base Case Manufacturer Markups

DOE developed a set of base case manufacturer markups using data developed as part of
the 2008 Final Rule for PTACs and PTHPs (73 FR 58772). DOE then solicited feedback on its
markup estimates during confidential manufacturer interviews. Based on this content and
manufacturer comments, DOE calculated and applied an average baseline markup of 1.27 for all
equipment classes analyzed. This markup includes selling, general and administrative expenses
(SG&A), research and development (R&D) expenses, interest, and profit.
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Table 6.6.1
Equipment Type

Manufacturer Markups by Equipment Type

Cooling Capacity (Btu/h) Baseline Markup

<7,000 Btu/h
PTAC >7,000 Btu/h and <15,000 Btu/h
>15,000 Btu/h
<7,000 Btu/h
PTHP >7,000 Btu/h and <15,000 Btu/h
>15,000 Btu/h

1.27

6.6.2 Wholesaler Markups

Wholesalers reported median data in a confidential survey that HARDI conducted across
its members. In the survey, HARDI itemized revenues and costs into categories, including direct
equipment expenses (cost of goods sold), labor expenses, occupancy expenses, other operating
expenses, and profit. DOE presents these data in full, by HARDI region, in Appendix 6-A,
Detailed Data for Equipment Price Markups. Table 6.6.2 summarizes HARDI wholesaler data,
aggregated to the national level, in terms of cost-per-dollar sales revenue in the first data column
and in terms of cost-per-dollar of cost of goods sold in the second column.

Table 6.6.2 National Wholesaler Expenses and Markups
Per Dollar Per Dollar Cost

Sales Revenue of Goods
Descriptions $ $
Direct Cost of Equipment Sales: Cost of goods sold 0.737 1.000
Labor Expenses: Salaries and benefits 0.151 0.205
Occupancy Expense: Rent, maintenance, and utilities 0.036 0.049
Other Operating Expenses: Depreciation, advertising, and 0.055 0.075
insurance.
Operating Profit 0.020 0.027
Baseline Revenue: Baseline revenue earned per dollar cost of goods sold 1.357
Wholesaler Baseline Markup (MUwuoLE Base) 1.357
Incremental Revenue: Increased revenue per dollar increase cost of goods sold 1.103
Incremental Markup (MUwwoL e incr) 1.103

Source: Heating, Air Conditioning & Refrigeration Distributors International. 2012. 2012 Profit Report (2010 Data).

In this case, direct equipment expenses (cost of goods sold) represent about $0.74 per
dollar sales revenue, so for every $1 wholesalers take in as sales revenue, $0.74 is used to pay
the direct equipment costs. Labor expenses represent $0.15 per dollar sales revenue, occupancy
expenses represent $0.04, other operating expenses represent $0.06, and profit accounts for $0.02
per dollar sales revenue.

DOE converted the expenses per dollar sales into expenses per dollar cost of goods sold,
by dividing each figure in the first data column by $0.74 (i.e., cost of goods sold per dollar of
sales revenue). For every $1.00 the wholesaler spends on equipment costs, the wholesaler spends
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$0.205 to cover labor costs, $0.049 to cover occupancy expenses, $0.075 for other operating
expenses, and $0.027 in profits. This totals to $1.357 in sales revenue earned for every $1.00
spent on equipment costs. Therefore, the wholesaler baseline markup (MUwwoLe ease) is 1.357
($1.357 + $1.00).

DOE also used the data in column two to estimate the incremental markups. The
incremental markup depends on which of the costs in Table 6.6.2 are variant or invariant with
respect to MSP. For example, for a $1.00 increase in the MSP, if all of the other costs scale with
the MSP (i.e., all costs are variant), the increase in wholesale price will be $1.357, implying that
the incremental markup is 1.357, or the same as the baseline markup. At the other extreme, if no
other costs are variant, then a $1.00 increase in the MSP will lead to a $1.00 increase in the
wholesale price, for an incremental markup of 1.0.

As stated in section 6.5, DOE believes that the labor and occupancy costs are invariant
with respect to MSP, while other operating costs and profit are variant with respect to MSP. In
this case, for a $1.00 increase in the MSP, the wholesale price will increase in line with changes
in the categories “other operating costs” and “operating profit”; these approximately amount to
$0.067, which when divided by $0.737 cents in cost of goods sold yields an increase of $0.103,
giving a wholesaler incremental markup (MUwroLe ncr) 0f 1.103. See Appendix 6-A for cost
details.

These data are provided for seven regions, which are defined similarly to Census
Divisions. Each state is assigned the baseline and incremental wholesaler markup of the region
to which it is assigned by HARDI.

6.6.3 Mechanical Contractor Markups

6.6.3.1  Aggregate Baseline and Incremental Markups for Mechanical
Contractors

DOE derived national average markups for mechanical contractors from U.S. Census
Bureau data. The 2007 U.S. Census data for mechanical contractors include detailed statistics
for establishments with payrolls, similar to the data reported by HARDI for wholesalers. The
primary difference is that the U.S. Census Bureau reports itemized revenues and expenses in
total dollars for the industry as a whole, rather than in typical values for an average or
representative business. Because of this, DOE assumed that the total dollar values that the
U.S. Census Bureau reported, once converted to a percentage basis, represented revenues and
expenses for an average or typical contracting business. Table 6.6.3 summarizes the national
average expenses for general contractors as expenses per dollar sales revenue in the first data
column. (Appendix 6-A contains the full set of data.) The process used to calculate markups
from the table values is analogous to the process explained in detail in section 6.6.2.

6-17



Table 6.6.3 Baseline and Incremental Markups, All Mechanical Contractors (2007
Economic Census data)

Per Dollar Per Dollar Cost
Sales Revenue of Goods

Descriptions $ $
Direct Cost of Equipment Sales: Cost of goods sold 0.68 1.00
Labor Expenses: Salaries and benefits 0.18 0.26
Occupancy Expense: Rent, maintenance, and utilities 0.02 0.03
Other Operating Expenses: Depreciation, advertising, and 0.08 0.12
insurance.

Operating Profit 0.04 0.06
Wholesaler Baseline Markup (MUwhoLE Base) 1.48
Incremental Markup (MUwwoLE incr) 1.18
Incremental Markup as % of Baseline Markup 80%

Source: U.S. Census Bureau. 2007 Economic Census, Plumbing, Heating, and Air-Conditioning Contractors. Sector
23: 238220. Construction: Industry Series: Preliminary Detailed Statistics for Establishments: 2007.

The markups derived for mechanical contractors are the national average values for all
contractors, including large and small contractors serving the replacement and new construction
markets. The results of this calculation are subsequently scaled based on state-level data also
obtained from the 2007 U.S. Census Geographic Area Series for mechanical contractors.® The
following section describes how DOE further derived the baseline and incremental markups for
two distinct categories of mechanical contractors: (1) contractors in the replacement market and
(2) contractors in the new construction market.

6.6.3.2  Baseline Markups for Mechanical Contractors in the Replacement and
New Construction Markets

The ACCA Financial Analysis for the HVACR Contracting Industry report is used to
disaggregate markups for the replacement and new construction markets. ACCA financial data
provided only gross margin data, which allows for the determination of only the baseline markup
for the two types of contractors, as the gross margin is the sum of all contractor labor and
operating expenses plus profit.

Table 6.6.4 summarizes the gross margin and resulting national baseline markup data for
mechanical contractors that serve the replacement and new construction markets.
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Table 6.6.4

Mechanical Contractors (ACCA data)

Baseline Markups for the Replacement and New Construction Markets,

Contractor Expenses or Revenue by Market Type

Replacement

New Construction

Per Dollar Per Dollar Per Dollar Per Dollar
Sales Cost of Sales Cost of
Revenue Goods Revenue Goods
Description $ $ $ $
Direct Cost of Equipment Sales: 0.703 1.000 0745 1.000
Cost of goods sold ' ' ' '
Gross Margin: Labor, occupancy, 0.297 0.422 0.255 0.342

operating expenses, and profit

Baseline Markup (MUMECH
CONT BASE): Revenue per dollar NA 1.42 NA 1.34
cost of goods

% Difference from Aggregate
Mechanical Contractor Baseline NA 3.6% NA -2.2%
MU

Source: Air Conditioning Contractors of America. 2005. Financial Analysis for the HVACR Contracting Industry.

Using the baseline markup data for replacement and new construction contractors from
Table 6.6.4, DOE calculated that the baseline markups for the replacement and new markets are
3.6 percent higher and 2.2 percent lower, respectively, than that for all mechanical contractors
serving all markets shown in Table 6.6.3. These percentage differences are applied to the
previously calculated state-level incremental and baseline markups based on U.S. Census data to
estimate separate national and state-level markups for the two categories of mechanical
contractor of interest.

6.6.4 Estimation of General Contractor Markups

DOE derived markups for general contractors from U.S. Census Bureau data for the
commercial building construction sector. The commercial construction sector includes
establishments primarily engaged in the construction of commercial and institutional buildings,
including new construction work, additions, alterations, and repairs.

The 2007 U.S. Census data for the commercial construction sector include detailed
statistics for establishments with payrolls, similar to the data reported by HARDI for
wholesalers. The primary difference is that the U.S. Census Bureau reports itemized revenues
and expenses in total dollars for the commercial construction industry as a whole, rather than in
typical values for an average or representative business. Because of this, DOE assumed that the
total dollar values that the U.S. Census Bureau reported, once converted to a percentage basis,
represented revenues and expenses for an average or typical contracting business. The results of
this calculation are subsequently scaled based on state-level data also obtained from the 2007
U.S. Census. Similar to the data for wholesalers, Table 6.6.5 summarizes the national average
expenses for general contractors as expenses per dollar sales revenue in the first data column.
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(Appendix 6-A contains the full set of data.) The process used to calculate markups from the
table values is analogous to the process explained in detail in section 6.6.2.

Table 6.6.5 General Contractor Expenses and Markups

Wholesale Firm Expenses or

Revenue
Per Dollar Per Dollar
Sales Cost of

Revenue Goods
Description $ $
Direct Cost of Equipment Sales: Cost of goods sold 0.76 1.00
Labor Expenses: Salaries (indirect) and benefits 0.08 0.10
Occupancy Expense: Rent, maintenance, and utilities 0.01 0.01
Other Operating Expenses: Depreciation, advertising, and insurance. 0.03 0.04
Net Profit Before Taxes 0.12 0.15
Baseline Markup (MUGEN CONT BASE): Revenue per dollar cost of goods 1.31
Incremental Markup (MUGEN CONT INCR): Increased revenue per dollar increase 1.19
cost of goods sold

Source: U.S. Census Bureau. 2007. Sector 236220 (Commercial and Institutional Building Construction).
Construction: Industry Series: Preliminary Detailed Statistics for Establishments: 2007.

6.7 SALES TAX

The sales tax represents state and local sales taxes that are applied to the consumer price
of the equipment. The sales tax is a multiplicative factor that increases the consumer equipment

price.

DOE derived state and local taxes from data provided by the Sales Tax Clearinghouse.14
These data represent weighted averages that include state, county, and city rates. DOE then
derived population-weighted average tax values for each Census division and large state, as
shown in Table 6.7.1. The average sales tax presented in the bottom row of the table is the
weighted average accounting for commercial building floor space with packaged cooling by
Census division, calculated using CBECS 2003. Detailed sales tax data by state can be found in

Appendix 6-A.
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Table 6.7.1

Census Division/State

Tax Rate (2014)

New England 5.68%
Mid Atlantic 7.47%
East North Central 6.90%
West North Central 7.09%
South Atlantic 6.47%
East South Central 8.01%
West South Central 8.13%
Mountain 6.44%
Pacific 7.65%
New York 8.40%
California 8.45%
Texas 7.90%
Florida 6.65%
U.S. Average 7.15%

Average Sales Tax Rates by Census Division and Large State

Source: The Sales Tax Clearinghouse at https://thestc.com/STRates.stm (Accessed February 2014)

6.8 OVERALL MARKUPS

The overall markup for each distribution channel is the product of the appropriate
markups, as well as sales tax in the case of replacement applications (Table 6.8.1).

Table 6.8.1

Summary of Overall Markups

Replacement

New Construction

Distribution Channel Incremental Incremental
Segment Markup Markup Markup Markup

Manufacturer 1.27 1.27

Wholesaler 1.36 1.10 1.36 1.10
Mechanical Contractor 1.52 1.22 1.43 1.15
General Contractor 1.34 1.22 1.34 1.22
Sales tax (replacements) 1.07 -

Overall Markup 3.76 | 1.75 3.31 | 1.54
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6.8.1 Estimation of National Account Markups

DOE derived markups for national accounts for new construction through a weighting of
the overall markups estimated for the other new construction distribution channels. To capture
the price savings realized from equipment purchased through national accounts, DOE applies a
national account markup one half of that of a typical chain of distribution, as described in section
6.3.5 (Table 6.8.2).

Table 6.8.2 National Account Markups

Incremental
Market Markup Markup
New Construction 1.49 1.16
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CHAPTER 7. ENERGY USE ANALYSIS

7.1 INTRODUCTION

Whole-building simulations from the 2008 packaged terminal air conditioning (PTAC)
and packaged terminal heat pump (PTHP) equipment rulemaking provided annual unit energy
consumption (UEC) data by cooling capacity and energy efficiency ratio (EER).* These data are
used for those equipment classes and efficiency levels that are the same in this rulemaking and
adjusted for those that are different. This chapter describes the methodology used to adjust the
unit energy consumption of PTAC and PTHP equipment for this rulemaking.

7.2 EQUIPMENT ENERGY USE SAVINGS DETERMINATION

Whole-building simulations in the previous rulemaking were performed on PTACs and
PTHPs for four equipment classes, six efficiency levels, and 51 locations (the U.S. States and the
District of Columbia). The four equipment classes consist of combinations of PTAC and PTHP
equipment and of representative cooling capacities, namely 9,000 Btu/h and 12,000 Btu/h. As
whole-building simulations are an excellent approach to obtain UEC data, the 1,224 annual
UECs data points were leveraged for this rulemaking.

The current rulemaking considers a set of capacities and efficiency levels that differs
from that in the previous rulemaking. In order to make relevant the UECs, three transformations
were performed: splitting heating and cooling energy, adjusting for climate change, and adjusting
for capacity and EER.

7.2.1 Splitting Heating and Cooling Energy

The first transformation prepares the UEC for the following two transformations. As the
total annual UECs, UE C;,:4;, Capture both a cooling and heating energy portion, the UEC was
splitinto UE Ccop1ing aNd UE Cheqting- The U.S. Department of Energy (DOE) is aware that
PTACs and PTHPs have slight differences in function and performance. However, PTACs and
PTHPs have a similar functionality other than a reversing valve. In addition, insufficient data
exist highlighting substantial differences in cooling energy consumption. For these reasons, DOE
assumed that the UEC of a PTAC is equal to the energy expended during a PTHP’s operation in
cooling mode, assuming that the equipment has the same efficiency level and capacity, as shown
in Eq. 7.1. The remaining energy of a PTHP, which is the difference between the total UEC and
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the cooling energy, as shown in Eq. 7.2, is the heating energy:

UECprac = UECprup_cooling Eqg.7.1

UECtotar = UECheating + UECcooling Eq.7.2

It was assumed that the fan energy during periods of cooling was included with the cooling
energy and the fan energy during periods of heating was included with the heating energy. It was
also assumed that the fan energy during periods of cooling scaled with the cooling energy and
the fan energy during periods of heating scaled with the heating energy.

7.2.2  Adjusting for Climate Change

The second transformation adjusts for the projected impact of global warming on hotter
summer days and warmer winter days. An adjustment to the unit cooling energy consumption
and unit heating energy consumption was made based on the change in cooling degree days
(CDD) and heating degree days (HDD) from an older TMY2 (Typical Meteorological Year)
weather dataset to a newer TMY3 weather dataset, which was updated in 2008.2* A comparison
of the two datasets showed that total annual CDD have increased by 5 percent and total annual
HDD have increased by 2 percent at all locations used in this analysis, as shown in Figure 7.2.1.
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Figure 7.2.1  Comparison of Cooling Degree Days by State for TMY3 and TMY2

The figure shows the cooling degree days (CDD) relative to 65 °F computed from the
TMY 3 data vs. the CDD for TMY2. The calculation is done separately for day time (8 am to
8pm) and night time hours. Each point corresponds to a state; in cases where there are multiple
stations in a single state the data are averaged. As the TMY 3 data are considered to be more
representative of current weather, the total annual CDD increase and total annual HDD increase
were assigned to the weather multipliers, W, and W,,, for cooling and heating, respectively, and
were applied to the separated cooling and heating UECs in the manner as shown in Eq.7.3 and
Eq.7.4:

UECcooIing_weather = (1 + VVC) ' UECcooIing Eq-7-3

UECheating_weather = (1 + Wh) ' UECheating Eq-7-4
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7.2.3 Adjusting for Capacity and Energy Efficiency Ratio

The third transformation adjusts UECs where cooling capacity and/or EER considered in
the current rulemaking (target) differ from cooling capacity and/or EER considered in the
previous rulemaking (source). Where only cooling capacity differed, DOE performed a linear
interpolation on UE Ceqoling weather ACr0SS @ constant EER value; this operation is highlighted in Eq.
7.5. Where only EER differed, DOE performed a linear interpolation on UE Cyyoling weather ACIOSS @
constant cooling capacity value; this operation is highlighted in Eq.7.6. Where both cooling
capacity and EER differed, DOE performed a linear interpolation on UE Ccogjing weather 2Cr0SS both
variables, one at a time, one after another, using the equations as already set forth in Eq. 7.5 and
Eq.7.6. The same transformation was performed for heating energy, UE Cheating weather 8 Shown
in Eqg. 7.7, where COP considered in the current rulemaking differ from COP considered in the
previous rulemaking.

Capacity,, ...-Capacity, 1
UE Carget = UE Coourcer + (UE Coourcez — UE Coourcer) ( arge

Capacityycep-CapPaCitygy cey constant EER

Eq.7.5
Where:

UE Ciarget = interpolated unit energy consumption at the target cooling
capacity,

UE Csoyrce1= unit energy consumption at the source cooling capacity, for the
first point of the interpolation,

UECsource2= unit energy consumption at the source cooling capacity, for the
second point of the interpolation,

Capacityiarger= target cooling capacity,

Capacitysce1=  Source cooling capacity for the first point of the interpolation, and

Capacitygce2=  source cooling capacity for the second point of the interpolation.
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UECtarget = UECsourcel + (UECsourceZ - UECsourcel) (

Where:

UE Crarger =
UE Csouree1=
UE Csoyreer=
EERtarget=

EERsource1:
EERSOUI‘CGZZ

UECtarget =

UECsourcel + (UECsourceZ - UECsourcel) (

Where:

7.3

UECiarget =
UE Csource1=
UE Csource2=
COPigrger=

COPsource1=
COPsourcez =

EERtarget_EERsourcel )
EERsource2—EERsource1

constant cooling capacity

Eq.7.6

interpolated unit energy consumption at the target cooling
capacity,

unit energy consumption at the source cooling capacity, for the
first point of the interpolation,

unit energy consumption at the source cooling capacity, for the
second point of the interpolation,

target EER,

source EER for the first point of the interpolation, and

source EER for the second point of the interpolation.

COPtarget_COPsourcel )

COPspurce2—COPspurce1

constant cooling capacity

Eq.7.7

interpolated unit energy consumption at the target cooling
capacity,

unit energy consumption at the source cooling capacity, for the
first point of the interpolation,

unit energy consumption at the source cooling capacity, for the
second point of the interpolation,

target COP,

source COP for the first point of the interpolation, and

source COP for the second point of the interpolation.

PTAC AND PTHP EQUIPMENT ENERGY USE RESULTS

DOE summed the cooling energy and heating energy, upon completion of the

transformations, to give the total UEC for the representative cooling capacities, which are
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described in Chapter 5. The U.S. average UECs are provided by cooling capacity and EER in
Table 7.3.3 for PTACs and Table 7.3.4 for PTHPs and are further disaggregated by location in
Appendix 7-A. UECs are inputs into the LCC and PBP analysis as described in Chapter 8.

Table 7.3.1  Annual Unit Energy Use by Representative Cooling Capacity and Efficiency

Level for PTACs

9,000 Btu/h 15,000 Btu/h
Efficiency Level* UEC
EER UEC (kwWh) EER (KWh)
Federal Minimum 11.1 1078 9.3 1688
Baseline/EL 1 11.3 1066 9.5 1671
EL2 115 1050 9.7 1657
EL3 12.0 1022 10.0 1625
EL4 12.4 994 10.4 1594
EL5 12.9 966 10.8 1563
EL6 13.1 952 11.0 1547

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for
PTAC equipment. Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-
2013 minimum for PTAC equipment.

Table 7.3.2  Annual Unit Energy Use by Representative Cooling Capacity and Efficiency

Level for PTHPs
Efficienc 9,000 Btu/h 15,000 Btu/h

Level* ’ EER UEC EER UEC

COP | (kwh) | COP | (kwh)
. 11.3 95

Baseline 32 1985 oo 2847
115 9.7

EL1 33 1956 29 2829
12.0 10.0

EL2 3.4 1918 3.0 2778
12.4 104

EL3 e 1879 a1 2727
12.9 10.8

EL4 26 1841 29 2676
13.1 11.0

ELS 36 1822 3.2 2651

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP
equipment, which is the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.
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The impact of amended energy efficiency standards also are determined on a national
level, as described in the NIA in Chapter 10. As standards are determined with equipment classes
instead of representative cooling capacities, DOE calculated UECs for each equipment classes.
DOE used the UEC of the 9,000 Btu/h representative cooling capacity unit to represent the
>7,000 Btu/h and <15,000 Btu/h cooling capacity equipment class, and the UEC of the 15,000
Btu/h representative cooling capacity unit to represent the >15,000 Btu/h cooling capacity
equipment class. DOE extrapolated UECs from the 9,000 Btu/h and 15,000 Btu/h representative
cooling capacity for the UEC of the <7,000 Btu/h cooling capacity equipment class. The U.S.
average UECs are provided by cooling capacity and EER in Table 7.3.3 for PTACs and Table
7.3.4 for PTHPs.

Table 7.3.3  Annual Unit Energy Use by Equipment Class and Efficiency Level for

PTACs
<7,000 Btwh | =7000Btu/hand<15,000 >15,000 Btu/h
Btu/h

Efficiency Level* OEC OEC
EER (W) EER UEC (KWh) EER (W)
Federal Minimum | 11.7 | 892 11.1 1078 9.3 1688
Baseline/EL 1 11.9 | 881 11.3 1066 9.5 1671
EL 2 122 | 866 115 1050 9.7 1657
EL3 126 | 839 12.0 1022 10.0 1625
EL 4 13.1 | 813 12.4 994 10.4 1594
EL5 136 | 786 12.9 966 10.8 1563
EL6 138 | 773 13.1 952 11.0 1547

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for
PTAC equipment. Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-
2013 minimum for PTAC equipment.
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Table 7.3.4  Annual Unit Energy Use by Equipment Class and Efficiency Level for

PTHPs
cricency >7,000 Btu/h szgggg‘g:‘u‘j‘;d >15,000 Btu/h

Level* EER UEC EER UEC EER UEC
COP | (kwh)y | COP | (kwh) | COP | (kwWh)

Baseline 131.'39 1728 131.'23 1985 gg 2847
EL1 13?'52 1708 131.'35 1956 2; 2829
EL2 132:'56 1674 132.;10 1918 130.60 2778
EL3 133.'61 1639 132.;54 1879 130.'14 2727
EL 4 133.'76 1605 132.69 1841 139'28 2676
EL5 13338 1588 1337'61 1822 131.'20 2651

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP
equipment, which is the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.
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CHAPTER 8. LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS

8.1 INTRODUCTION

The effect of amended standards on individual consumers usually includes a reduction in
operating cost and an increase in purchase cost. This chapter describes two metrics used in the
analysis to determine the economic impact of standards on individual commercial consumers.

e Life-cycle cost (LCC) is the total consumer cost over the life of an appliance or product,
including purchase costs and operating costs (which in turn include maintenance, repair,
and energy costs). Future operating costs are discounted to the time of purchase and
summed over the lifetime of the appliance or product.

e Payback period (PBP) measures the amount of time it takes consumers to recover the
assumed higher purchase price of more energy-efficient products through reduced
operating costs.

The U.S. Department of Energy (DOE) conducted the LCC and PBP analysis using a
spreadsheet model developed in Microsoft Excel. When combined with Crystal Ball (a
commercially available software program), the LCC and PBP model generates a Monte Carlo
simulation to perform the analysis by incorporating uncertainty and variability considerations in
certain of the key parameters as discussed further in section 8.1.1.

Inputs to the LCC and PBP analysis of packaged terminal air conditioners (PTACS) and
packaged terminal heat pumps (PTHPs) are discussed in sections 8.2 and 8.3, respectively.
Results for each metric are presented in section 8.4. Key variables and calculations are presented
for each metric. The calculations discussed here were performed with a series of Microsoft Excel
spreadsheets that are accessible over the Internet
(www1.eere.energy.gov/buildings/appliance_standards/buildings/appliance standards/product.as
px/productid/77).

8.1.1 General Approach for Life-Cycle Cost and Payback Period Analysis

PTAC and PTHP equipment usage patterns and purchase costs are unique, so variability
and uncertainty are analyzed by performing the LCC and PBP calculations detailed here for
prototypical commercial buildings across various U.S. locations. The results are expressed as the
number of PTAC and PTHP equipment consumers experiencing economic impacts of different
magnitudes. The LCC and PBP model was developed using Microsoft Excel spreadsheets
combined with Crystal Ball. The LCC and PBP analysis explicitly models both the uncertainty
and the variability in the model’s inputs using Monte Carlo simulation and probability
distributions.

These inputs include estimated energy use for each PTAC and PTHP unit, as described in
the energy use analysis in Chapter 7. Energy use is sensitive to climate and therefore varies by
location within the United States. Aside from energy use, other important inputs influencing the
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LCC and PBP analysis include energy prices, installation costs, equipment distribution markups,
and sales taxes.

As mentioned previously, DOE generated LCC and PBP results as probability
distributions using a simulation based on Monte Carlo analysis methods, in which certain key
inputs to the analysis consist of probability distributions rather than single-point values.
Therefore, the outcomes of the Monte Carlo analysis can also be expressed as probability
distributions. As a result, the Monte Carlo analysis produces a range of LCC and PBP results. A
distinct advantage of this type of approach is that DOE can identify the percentage of consumers
achieving LCC savings or attaining certain PBP values due to an increased efficiency level, in
addition to the average LCC savings or average PBP for that efficiency level.

The LCC and PBP results are displayed as distributions of impacts compared to a base
case. The base case efficiency distribution is defined as a mix of efficiency levels reflecting the
expected distribution of efficiency levels by equipment class.

8.1.2 Overview of Life-Cycle Cost and Payback Period Analysis Inputs

The LCC is the total consumer cost over the life of the equipment, including purchase
price (including retail markups, sales taxes, and installation costs) and operating cost (including
repair costs, maintenance costs, and energy cost). Future operating costs are discounted to the
time of purchase and summed over the lifetime of the equipment. The PBP is the increase in
purchase cost of a higher efficiency unit divided by the change in annual operating cost of the
unit. It represents the number of years that it will take the consumer to recover the increased
purchase cost through decreased operating costs. In the calculation of PBP, future costs are not
discounted.

Inputs to the LCC and PBP analysis are categorized as: (1) inputs for establishing the
purchase cost, otherwise known as the total installed cost; and (2) inputs for calculating the
operating cost (i.e., energy, maintenance, and repair costs).

The primary inputs for establishing the total installed cost are:

e Baseline manufacturer selling price: The baseline manufacturer selling price (MSP) is
the price charged by the manufacturer to a wholesaler for equipment meeting existing
minimum efficiency (or baseline) standards. The MSP includes a markup that converts
the cost of production (i.e., the manufacturer cost) to a MSP.

e Standard-level manufacturer selling price increase: The standard-level MSP is the
incremental change in MSP associated with producing equipment at each of the higher
standard levels.

e Markups and sales tax: Markups and sales tax are the wholesaler and contractor margins
and state and local retail sales taxes associated with converting the MSP to a consumer
price.

e Installation cost: Installation cost is the cost to the consumer of installing the equipment.
The installation cost represents all costs required to install the equipment but does not
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include the marked-up consumer equipment price. The installation cost includes labor,
overhead, and any miscellaneous materials and parts.

The primary inputs for calculating the operating cost are:

Equipment energy consumption and power demand: The equipment energy consumption
is the site energy use associated with providing space conditioning to the building. The
power demand is the maximum power requirement of the equipment (more commonly
known as the peak demand) for a specific period of time. Typically, electric utilities
measure the peak demand for each month. DOE calculated both the energy consumption
and peak demand based on hourly whole-building simulations.

Electricity Prices: Average and marginal electricity prices for commercial buildings are
determined using a tariff-based analysis. Marginal prices are used to estimate operating
costs for the baseline and value the operating cost savings at higher efficiency levels.

Electricity price trends: The Energ¥ Information Administration’s (EIA’s) Annual
Energy Outlook 2014 (AEO 2014)" is used to project electricity prices into the future.

Maintenance costs: The labor and material costs associated with maintaining the
operation of the equipment.

Repair costs: The labor and material costs associated with repairing or replacing
components that have failed.

Lifetime: The age at which PTAC and PTHP equipment are retired from service.

Discount rate: The rate at which future costs and savings are discounted to establish their
present value.
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Figure 8.1.1 graphically depicts the relationships between the installed cost and operating
cost inputs for the calculation of the LCC and PBP.

Manufacturer Selling
Price (Base)

Manufacturer Selling

= Equipment Prices P
Price (Standard i=1...n)

1 1 1

% Total Installed
Cost (Std i — Base)
Wholesaler/Distributor =) |Installation Costs
= Markup
Contractor Markups P Payback Lifecycle
B Period Cost
Sales Tax P I
Electricity Consumption Annual Energy Costs Annual Operating Lifetime
Cost (Std i —Base) Operating Cost
. Annual Maintenance (Std I - Base)
Electricity Prices P Costs
Discount Rate H
Repair Costs Lifetimes P

Figure 8.1.1 Flow Diagram of Inputs for the Determination of LCC and PBP

Table 8.1.1 provides descriptions of the various inputs to the calculation of the LCC and
PBP. As noted earlier, most of the inputs are characterized by probability distributions that
capture variability in the input variables.

Table 8.1.1 Summary of Inputs and Key Assumptions Used in the LCC and PBP
Analysis

Inputs | Description

Affecting Installed Costs

Derived MSP for PTAC and PTHP equipment at different input
capacities (from the engineering analysis) and multiplied by wholesaler
Equipment Price markups and contractor markups plus sales tax (from markups analysis).
Used the probability distribution for the different markups to describe
their variability.

Includes installation labor derived from RS Means.” Overhead and
materials costs and profits are assumed to be included in the contractor’s
Installation Cost markup. Thus, the total installed cost equals the consumer equipment
price (manufacturer cost multiplied by the various markups plus sales
tax) plus the installation cost.

Affecting Operating Costs

Annual Energy Use | See Chapter 7.

Energy Efficiency The energy efficiency ratio (EER) is the efficiency descriptor for PTAC
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Inputs Description

and PTHP equipment. Whole-building simulations were used to
determine the annual energy consumption associated with a particular
standard level.

Costs were calculated for generalized buildings from summer and winter
marginal and average electricity prices using tariff data and CBECS 1992
and 1995 monthly electricity consumption and demand. Prices were
escalated by the AEO 2014 forecasts to update tariff prices to 2014 and
to estimate future electricity prices. Escalation was performed at the
census division level.

Electricity Prices

The cost associated with maintaining the operation of the equipment
Maintenance Cost (e.g., cleaning heat exchanger coils) was also obtained from RS Means.?
Annual maintenance cost does not change as a function of MSP.

Repair costs for the first five years are calculated assuming the
equipment has a standard 5-year warranty, which covers materials and
Repair Cost labor for the refrigeration system. After the warranty period, repair costs
are calculated using RS Means for labor and materials. DOE annualized
the total repair costs over the lifetime of the equipment.

Affecting Present VValue of Annual Operating Cost Savings

Adjusted the Weibull parameters from the 2014 NOPR to reduce the
median lifetime to 8 years. DOE determined that service life was a better
Equipment Lifetime | measurement of equipment lifetime than “time to failure” because many
PTACs and PTHPs are replaced during major renovations at large hotels,
which take place approximately every 7 years.

Mean real discount rates ranging from 4.14 percent to 7.83 percent for
various classes of commercial consumers, calculated using financial data
from Damodaran Online. Probability distributions are used for the
discount rates.

Discount Rate

All of the inputs depicted in and summarized in Table 8.1.1 are discussed in sections 8.2 and 8.3.

8.1.3 Use of Per Unit Annual Energy Consumption Data

As detailed in Chapter 7, DOE used unit energy consumption (UEC) data obtained from
the 2008 Energy Conservation Standards Rulemaking for PTAC and PTHP equipment. To
account for differences in cooling capacity and/or EER from the previous rulemaking, the UEC
(cooling) for each equipment class and each efficiency level were linearly scaled from existing to
the considered cooling capacity and/or EER.

8.2 LIFE-CYCLE COST ANALYSIS INPUTS

Life-cycle cost is the total consumer cost over the life of a piece of equipment, including
purchase cost and operating costs (which are composed of energy costs, maintenance costs, and
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repair costs). Future operating costs are discounted to the time of purchase and summed over the
lifetime of the equipment. Life-cycle cost is defined by the following equation:

N
LCC=1C+) OC /(1+T)'
t=1

Eq. 8.1

Where:

LCC = life-cycle cost ($),

IC = total installed cost ($),

> = sum over the lifetime, from year 1 to year N,
where N = lifetime of equipment (years),

OC = operating cost ($),

r= discount rate, and

t= year for which operating cost is being determined.

DOE expresses all the costs in 2014$. Total installed cost, operating cost, lifetime, and discount
rate are discussed in the following sections. In the LCC analysis, the year of equipment purchase
is the effective date of the energy conservation standards.

8.2.1 Total Installed Cost Inputs
The total installed cost to the consumer is defined by the following equation:

IC = EQP + INST
Eq. 8.2

Where:

IC = installed cost,
EQP = equipment price ($) (i.e., consumer price for the equipment only), and
INST =installation cost (3$) (i.e., the cost for labor and materials).

The equipment price is based on the distribution channel through which the consumer
purchases the equipment. As discussed in Chapter 6, DOE defined distribution channels for new
and replacement units to describe how the equipment passes from the manufacturer to the
consumer.

The remainder of this section provides information about the variables DOE used to
calculate the total installed cost for PTACs and PTHPs.

8.2.1.1 Manufacturer Costs

DOE developed the manufacturer costs for PTACs and PTHPs as described in the
engineering analysis (Chapter 5). The manufacturer costs at each efficiency level for the
representative units in each equipment class are shown in Table 8.2.1 and Table 8.2.2. DOE
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determined that the shipping costs from the manufacturer is $19.82 per unit and does not vary by
equipment class or efficiency level.

Table 8.2.1 Manufacturer Production Costs for PTACs by Efficiency Level (2014$)

Standard Size PTAC 9,000 Btu/h | Standard Size PTAC (15,000 Btu/h)

Efficiency Level* Total Cost Incremental Cost** | Total Cost | Incremental Cost**
Federal Minimum $365.00 ($3.54) $397.65 ($4.10)

Baseline/EL 1 $368.55 $0.00 $401.75 $0.00

EL2 $373.05 $4.51 $406.07 $4.32

EL 3 $381.82 $13.27 $417.91 $16.17

EL4 $391.30 $22.75 $433.18 $31.43

EL5 $401.48 $32.94 $451.87 $50.12

EL6 $406.84 $38.30 $462.50 $60.75

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.
**Parenthesis indicate negative values

Table 8.2.2 Manufacturer Production Cost for PTHPs by Efficiency Level (20143)

Standard Size PTHP (9,000 Btu/h) | Standard Size PTHP (15,000 Btu/h)

Efficiency Level* | Total Cost | Incremental Cost Total Cost Incremental Cost
Baseline $404.05 $0.00 $435.41 $0.00

EL1 $408.56 $4.51 $439.73 $4.32

EL2 $417.32 $13.27 $451.58 $16.17

EL 3 $426.80 $22.75 $466.84 $31.43

EL4 $436.99 $32.94 $485.54 $50.12

EL5 $442.35 $38.30 $496.16 $60.75

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is
the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

8.2.1.2 Markups

For a given distribution channel, the overall markup is the value determined by
multiplying all the associated markups and the applicable sales tax together to arrive at a single
overall distribution chain markup value. The overall markup is multiplied by the baseline or
standard-compliant manufacturer cost to arrive at the price paid by the consumer. Because there
are baseline and incremental markups associated with the wholesaler and mechanical and general
contractors, the overall markup is also divided into a baseline markup (i.e., a markup used to
convert the baseline manufacturer price into a consumer price) and an incremental markup (i.e., a
markup used to convert a standard-compliant manufacturer cost increase due to an efficiency
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increase into an incremental consumer price). Markups can differ depending on whether the
equipment is being purchased for a new construction installation or is being purchased to replace
existing equipment. DOE developed the overall baseline markups and incremental markups for
both new construction and replacement applications as a part of the markups analysis (see
Chapter 6 of the technical support document (TSD).

Table 8.2.3 and Table 8.2.4 display baseline and incremental markups used to calculate
consumer price from manufacturer cost; Table 8.2.3 presents the values used for the distribution
channels involving wholesalers and contractors, while Table 8.2.4 presents the values used for
the national accounts distribution channels. Table 8.2.5 presents the resulting overall baseline
and incremental markups.

Table 8.2.3 Summary of Average Markups

Baseline Markup Incremental Markup
Manufacturer 1.27
Wholesaler 1.36 1.10
Mechanical Co_ntractor 1.43/1 52 1.15/1.22
(new construction/replacement)
General Contra}ctor 134 199
(new construction only)
Sales Tax (replacement only) 1.07 1.07
Table 8.2.4 Summary of National Accounts Markups
Market Baseline Markup Incremental Markup
New Construction 1.49 1.16

Table 8.2.5 Overall Markup for Packaged Terminal Air Conditioners and Heat Pumps

Equipment Class Baseline Markup Incremental Markup

All _Standard Size PTAC} and PHTP 232 146
Equipment and Capacities

8.2.1.3 Total Consumer Price

DOE derived the consumer equipment price for the efficiency levels above the baseline
by taking the product of the baseline manufacturer cost and the baseline overall markup
(including the sales tax for replacement equipment) and adding to it the product of the
incremental manufacturer cost and the incremental overall markup (including the sales tax for
replacement equipment). DOE followed the same process for shipping costs, but in this case the
manufacturer markup was not included in the overall markup. DOE then added the marked-up
shipping cost to the consumer equipment price. Markups and the sales tax all can take on a
variety of values, depending on location, so the resulting total installed cost for a particular
efficiency level is represented by a distribution of values.
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Table 8.2.6 presents the average consumer equipment price for each PTAC and PTHP
equipment class at each efficiency level examined. The EERs and COPs associated with each
efficiency level are found in Chapter 5.

Table 8.2.6  Average Consumer Price for Packaged Terminal Air Conditioners and Heat
Pumps (2014%$)

Efficiency Level*

Federal Baseline/ |EL2 |EL3 |EL4 |EL5 |ELG®6
Equipment Class Minimum | EL 1

PTAC Standard Size
(9,000 Btu/h) $1,190 | $1,201 |$1,210 | $1,227 | $1,245 | $1,265 | $1,276

PTAC Standard Size
(15,000 Btu/h) $1,292 $1,304 | $1,313 | $1,336 | $1,366 | $1,403 | $1,424

Equipment Class Baseline |EL1 |EL2 |EL3 |EL4 |ELS

PTHP Standard Size
(9,000 Btu/h) $1,312 | $1,320 | $1,338 | $1,356 | $1,376 | $1,387

PTHP Standard Size

(15,000 Btu/h) $1,410 | $1,418 | $1,441 | $1,472 | $1,508 | $1,529

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.
The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is
the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

8.2.1.4  Future Equipment Prices

To derive a price trend for PTACs and PTHPs, DOE obtained historical Producer Price
Index (PPI) data for “all other miscellaneous refrigeration and air-conditioning equipment”
spanning the time period 1990-2014 from the Bureau of Labor Statistics (BLS).? DOE used PPI
data for “all other miscellaneous refrigeration and air-conditioning equipment” as representative
of PTAC and PTHP equipment because PPI data specific to PTAC and PTHP equipment are not
available and this PPI is the closest match. The PPI data reflect nominal prices, adjusted for
product quality changes. An inflation-adjusted (deflated) real price index for all other
miscellaneous refrigeration and air-conditioning equipment was calculated by dividing the PPI
series by the Gross Domestic Product Chained Price Index (see Figure 8.2.1)

# Series ID PCU3334153334159; www.bls.gov/ppi/
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Figure 8.2.1 Historical Nominal and Deflated Producer Price Indexes for Miscellaneous
Refrigeration and Air-Conditioning Equipment

From 1990 to 2004, the deflated price index for all other miscellaneous refrigeration and
air-conditioning equipment showed a slightly downward trend. Since then, the index has risen
sharply, which is highly correlated with the rising prices of copper and steel products that go into
PTAC and PTHP equipment (see Figure 8.2.2). The rising prices for copper and steel products
were primarily a result of strong demand from China and other emerging economies. Given the
slowdown in global economic activity starting in 2008, DOE believes that the extent to which the
trends of the past couple of years will continue is very uncertain.

Given these considerations, DOE decided to use a constant price assumption as the
default price factor index to project future PTAC and PTHP equipment prices. . Thus, prices
forecast for the LCC and PBP analysis are equal to the 2014 values for each efficiency level in
each equipment class.
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Figure 8.2.2 Historical Deflated Producer Price Indexes for Copper Smelting, Steel Mills
Manufacturing and All Other Miscellaneous Refrigeration and Air-
Conditioning Equipment

8.2.15 Installation Cost

The installation cost is the price to the consumer of labor and materials (other than the
actual equipment) needed to install the PTAC and PTHP equipment. DOE derived installation
costs from current RS Means data. RS Means provides estimates on the person-hours required to
install PTAC and PTHP equipment and the labor rates associated with the type of crew required
to install the equipment. DOE calculated the installation cost by multiplying the number of
person-hours by the corresponding labor rate. RS Means provides specific person-hour and labor
rate data for the installation of packaged cabinet type air conditioners of 9,000 Btu/h and 15,000
Btu/h cooling capacity. DOE decided that these data are also representative of installation costs
for equipment of 9,000 Btu/h and 15,000 Btu/h cooling capacity that provides heating in addition
to just cooling.

Labor rates vary significantly among regions, and the RS Means data provide the
necessary information to capture this regional variability. RS Means provides cost indices that
reflect the labor rates for 656 cities in the United States. Several cities in all 50 states of the
United States and the District of Columbia are identified in the RS Means data. DOE
incorporated these cost indices into the analysis to vary the installation cost depending on the
location of the PTAC or PTHP consumer.
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Table 8.2.7 summarizes the nationally representative person-hours and labor rates
associated with the installation of 9,000 Btu/h and 15,000 Btu/h cooling capacity PTAC and
PTHP equipment as presented in RS Means. The table provides both bare installation costs (i.e.,
costs before overhead and profit (O&P)) and installation costs including O&P. DOE decided that
the 9,000 Btu/h and 15,000 Btu/h cooling capacity installation costs that include O&P represent
the installation costs for baseline efficient systems (i.e., 11.3 EER for 9,000 Btu/h equipment and
9.5 EER for 15,000 Btu/h equipment). DOE weighted the RS Means cost index by state using
2013 population estimates from the U.S. Census Bureau. The weighted average national

installation index was 0.917, which DOE applied to the Total Labor Cost calculation.

Table 8.2.7 Installation Costs for Baseline Packaged Terminal Air Conditioners and
Heat Pumps

2013 Bare Costs Labor w/ O&P

Cost per | Total Cost per | Total

Person- Labor Person- Labor

Person- | hour Cost hour Cost

System Type* hours | (2012$) | (2012$) | (20123%) | (2012%)
PTAC Standard Size (9,000 Btu/h) 3.2 $50.93 $163 $76.75 $225.22
PTAC Standard Size (15,000 Btu/h) 5.3 $51.00 $272 $76.75 $375.34
PTHP Standard Size (9,000 Btu/h) 3.2 $50.93 $163 $76.75 $225.22
PTHP Standard Size (15,000 Btu/h) 5.3 $51.00 $272 $76.75 $375.34

*Description differs in RS Means for Packaged Cabinet Type Air-Conditioners (“9000 BTUH cooling, 13900 BTU heat”; and “15000 BTUH
cooling, 13900 BTU heat”).

DOE converted the costs in Table 8.2.8 from 2012$ to 2014$, which are presented in
Table 8.2.8: the national average total installation costs by equipment class for PTACs and
PTHPs. The average installation costs are constant across all efficiency levels within each
equipment class. The total includes O&P, which is calculated using labor markups from RS
Means. For efficiency levels above the baseline, the installation costs do not vary with equipment
weight.
Table 8.2.8  National Average Installation Cost for Packaged Terminal Air Conditioners
and Heat Pumps

Equipment Class Installation Cost (2014$)
PTAC Standard Size (9,000 Btu/h) $232.00
PTAC Standard Size (15,000 Btu/h) $386.64
PTHP Standard Size (9,000 Btu/h) $232.00
PTHP Standard Size (15,000 Btu/h) $386.64

Table 8.2.9 summarizes the cost indices for installations in each of the 50 States of the
U.S., plus the District of Columbia, used to vary the nationally representative installation costs in
Table 8.2.8. To arrive at an average index for each state, DOE weighted the city indices in each
state by their population. It used population estimates for the year 2010 from the U.S. Census
Bureau to calculate a weighted-average index for each state. DOE then assigned each state to a
Census division (with Pacific divided into north and south) and calculated a weighted-average
index for each region in the same manner.
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Table 8.2.9

Installation Cost Indices by State (National VValue = 100.0)

State Index State Index State Index
Alabama 50.8 Kentucky 80.9 North Dakota 58.4
Alaska 104.8 Louisiana 59.7 Ohio 91.9
Arizona 79.7 Maine 62.7 Oklahoma 55.6
Arkansas 55.5 Maryland 83.3 Oregon 99.5
California 121.0 Massachusetts 119.0 Pennsylvania 113.9
Colorado 79.0 Michigan 100.7 Rhode Island 108.3
Connecticut 114.7 Minnesota 113.5 South Carolina 37.5
D.C 1134 Mississippi 51.9 South Dakota 42.0
Delaware 94.2 Missouri 95.8 Tennessee 71.3
Florida 68.7 Montana 70.3 Texas 56.3
Georgia 66.1 Nebraska 77.3 Utah 71.3
Hawaii 109.7 Nevada 100.3 Vermont 70.5
Idaho 68.8 New Hampshire 77.8 Virginia 65.7
Ilinois 127.5 New Jersey 125.5 Washington 104.2
Indiana 81.5 New Mexico 68.2 West Virginia 84.8
lowa 78.8 New York 161.2 Wisconsin 95.2
Kansas 69.8 North Carolina 36.3 Wyoming 54.3

8.2.1.6

Total Installed Cost

The total installed cost is the sum of the equipment price and the installation cost. MSPs,

markups, and sales taxes all can take on a variety of values, depending on location, so the

resulting total installed cost for a particular efficiency level will not be a single-point value, but
rather a distribution of values. Table 8.2.10 presents the average total installed cost for each
equipment class at each efficiency level examined.

Table 8.2.10 Average Total Installed Cost for Packaged Terminal Air Conditioners and

Heat Pumps (20143%)

Efficiency Level*

Federal Baseline/ |EL2 |EL3 |EL4 |EL5 |ELG
Equipment Class Minimum | EL 1**
PTAC Standard Size
(9,000 Btu/h) $1,422 | $1,433 |$1,442 | $1,459 | $1,477 | $1,497 | $1,508
PTAC Standard Size
(15,000 Btu/h) $1,678 $1,691 | $1,700 | $1,723 | $1,753 | $1,790 | $1,811
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Equipment Class Baseline |EL1 |EL2 |EL3 |EL4 |ELS

PTHP Standard Size
(9,000 Btu/h) $1,544 | $1,552 | $1,570 | $1,588 | $1,608 | $1,619

PTHP Standard Size

(15,000 Btu/h) $1,796 | $1,805 | $1,828 | $1,858 | $1,895 | $1,916

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.
The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is
the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

**Since higher efficiency levels for PTAC equipment are calculated against efficiency level 1 as the baseline, only the baseline markup is applied

to efficiency level 1.

8.2.2 Operating Cost Inputs
DOE defined the operating cost by the following equation:

OC =EC+ MC
Eqg. 8.3

where:

OC = operating cost ($),
EC = energy cost associated with operating the equipment ($), and
MC = annual maintenance cost for maintaining equipment operation ($).

The remainder of this section provides information about the variables that DOE used to
calculate the operating cost for PTACs and PTHPs. The annual energy costs of the equipment are
computed from energy consumption per unit for the baseline and standard-compliant cases
(efficiency level 2, 3, and so forth), combined with the energy prices. Equipment lifetime,
discount rate, and compliance date of the standard are required for determining the operating cost
and for establishing the operating cost present value.

8.2.2.1  Annual Energy Use Savings

For each equipment class, DOE calculated the annual energy use savings for each PTAC
and PTHP at each efficiency level by taking the difference between a considered efficiency level
and the baseline efficiency level.

8.2.2.2 Energy Prices

Tariff data were used to develop marginal and average prices for each member of a
generalized building sample. The approach uses tariff data that have been processed into
commercial building marginal and average electricity prices. Tariff data provide a means to
calculate the monthly consumer bill given the monthly electricity consumption (kWh) and peak
demand (kW). The CBECS 1992 and CBECS 1995 commercial building surveys provide
monthly baseline electricity consumption and demand for a large sample of buildings,
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approximately 5300 in total.*> These monthly values for each building in this generalized
building sample were used to (1) calculate monthly bills and (2) calculate monthly marginal
consumption and demand prices. The average electricity price is defined as the total electricity
bill divided by total electricity consumption. Two marginal prices are defined, one for electricity
demand (in $/kW) and one for electricity consumption (in $/kWh). These marginal prices are
calculated by applying a 5% decrement to the baseline demand or consumption and recalculating
the electricity bill.

This procedure provides an average electricity price, and marginal consumption and
demand prices, for each building in the generalized building sample and for each month. The
monthly variation was reduced to seasonal variation by taking a simple average of the monthly
data for the summer months (defined as May through September) and for the winter months. The
average and marginal prices for each building were converted to average prices for the entire
building sample using a weighted average across region, vintage, building activity and building
size for each of the buildings. The prices defined in this way were converted to 2014 prices and
2014 dollars using scaling factors taken from the AEO.

PTACs and PTHPs are commercial air conditioners and typically consume peak
electricity; therefore, electricity costs were calculated using the annual marginal price per kWh,
as shown in Table 8.2.11. For each efficiency level, the operating cost savings are calculated by
multiplying the electricity consumption savings (relative to the baseline) times the annual
marginal consumption price.

Table 8.2.11 Marginal Tariff-Based Prices by Region (2014 Cents)

Marginal Consumption
Region Price (¢/kWh)

Annual |Summer|Winter

New England 10.11 [10.22 |9.93

Mid-Atlantic 9.71 10.04 |9.43

ESC 6.58 [6.67 6.48
WSC 580 |6.14 5.54
South Atlantic |7.37 |7.34 7.36
ESC 6.00 [5.85 6.08
WSC 6.15 [6.75 5.45
Mountain 746 |7.46 7.45

Pacific— WA,OR|5.77 |5.76 5.78

Pacific — CA 12,74 (12,95 |12.34

US Average 7.69 |7.86 7.48
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8.2.2.3  Energy Price Trends

The tariff-based prices were updated to 2014 using the commercial electricity price series
published in the AEO as an index. AEO prices for commercial electricity are presented by region
in Table 8.2.12. The table also shows the scaling factor used to convert the tariff data year (2004)
to current prices. The national average price increase in constant dollars since the tariff data year
is 3.3percent.

Table 8.2.12 Commercial Electricity Prices (2014 Cents/kWh)

. Year 2009 | 2010 |2011 |2012 | Scaling Factor

Region

New England 16.50 15.86 15.12 14.50 1.033
Middle Atlantic 14.50 15.01 14.43 14.08 0.964
East North Central 9.97 10.06 10.01 10.16 1.086
West North Central 8.05 8.47 8.70 8.20 1.101
South Atlantic 10.41 10.01 10.01 9.57 1.105
East South Central 10.04 10.06 10.35 8.85 1.046
West South Central 9.68 9.46 9.04 7.66 0.772
Mountain 9.25 9.43 9.37 8.85 1.029
Pacific (North) 12.68 12.48 12.28 12.04 0.957
u.s. 10.99 10.93 10.75 10.21 1.033

Source: AEO 2009 - 2012

DOE projected future electricity prices using trends in average commercial electricity
price from EIA's AEO 2014, as shown in Figure 8.2.3. The chart shows constant dollar prices by
region for the AEO forecast period, 2011 to 2040. The U.S. average trend is shown as a heavy
dashed line. DOE used AEO 2014 Reference Case scenarios® for the nine Census divisions.
DOE applied the projected energy price for each of the nine Census divisions to each building in
the sample based on the building’s location.

® The reference case is a business-as-usual estimate, given known market, demographic, and technological trends.
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Figure 8.2.3 AEO 2014 electricity price projections by region (2014 cents)

8.2.24  Repair Cost

Repair costs are associated with repairing or replacing components that have failed. DOE
assumed that all PTAC and PTHP equipment have a one-year warranty which would cover all
repairs and a 5 year limited warranty which would cover repairs of the refrigeration system
(labor for non-refrigeration system repairs would be paid by the owner in years 2-5). After year
5, the owner bears the full cost of a repair. The total repair cost is the expected value of the sum
of the repair cost in the warranty period and in the post-warranty period from different failures
rates in each of those periods, which DOE assumed to have a 1 percent chance of failure per year
in years 1-5 and a 19 percent chance of failure per year in years 6-10, respectively.®

DOE calculated the cost of a repair in the warranty period and the post-warranty period,
by multiplying estimated component failure rates with the relevant labor and material costs for
each component, which was based on RS Means.® The costs in years 2-5 only represent labor
costs for non-refrigeration system component repairs, and the costs in years 6-10 represent the
total labor and materials cost of a repair for the entire system. DOE then determined the present
value of the total repair cost for each year and annualized it. Next, DOE averaged the annualized
values to create two annual values, one for the warranty period and another for the post-warranty
period. The annual repair costs after year 6 were scaled with equipment price by efficiency level
to account for higher material costs for higher efficiency equipment (materials covered under
warranty received no scaling in years 1-5). Finally, DOE applied the failure rate associated with
each year to determine a weighted average annual repair cost which are shown in Table 8.2.13.
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Table 8.2.13 Annual Repair Cost by Efficiency Level (20143$)

Efficiency Level*

Federal Baseline/ | EL 2 EL 3 EL4 | ELS EL 6
Equipment Class Minimum EL1
PTAC Standard Size
(9,000 Btu/h) $69.99 $70.29 | $70.67 | $71.42 | $72.22 | $73.09 | $73.54
PTAC Standard Size
(15,000 Btu/h) $72.08 $72.39 | $72.79 | $73.55 | $74.38 | $75.27 | $75.74
Equipment Class Baseline |EL1 |EL2 |EL3 |EL4 |ELS
PTHP Standard Size
(9,000 Btu/h) $74.69 | $75.06 | $75.79 | $76.57 | $77.41 | $77.85
PTHP Standard Size
(15,000 Btu/h) $77.09 | $77.47 | $78.22 | $79.03 | $79.90 | $80.36

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.
The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is
the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

8.2.25 Maintenance Cost

The maintenance cost is the routine cost to the consumer of maintaining equipment
operation. DOE calculated the annualized maintenance costs for PTACs based off the figure of
$50 that was used in the 2008 PTAC and PTHP rulemaking.” The figure was adjusted for
inflation to arrive at $55.56 in annual maintenance costs at the baseline efficiency level. The
annualized maintenance costs for PTHP were derived from the annualized maintenance costs for
PTACs based on RS Means data for both PTACs and PTHPs.® The percentage difference in
maintenance costs was applied to the PTAC maintenance costs to arrive at the maintenance cost
of $62.62 for PTHPs.

8.2.2.6 Lifetime

Equipment lifetime is the age at which the equipment is retired from service. In the
September 2014 NOPR, DOE used a median equipment lifetime of 10 years with a maximum
lifetime of 20 years. AHRI questioned DOE's use of "time-to-failure” instead of “service life"
and thereby urged DOE to recalibrate the Weibull distribution to have a mean of 5 years and a
maximum of 12 years.® SCS commented that many hotel chains remodel their rooms and replace
PTAC/PTHP equipment every seven to ten years.® SCS believes that DOE is using a longer
equipment lifetime than is applicable in real world use.’
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Large hotels account for 70 percent of the market for PTAC and PTHP equipment. Given
stakeholder comments and data asserting that large hotels undergo major renovations
approximately every 7 years®, DOE revised the Weibull distribution to reflect such an industry
practice. DOE assumed that large hotels would replace their PTAC and PTHP equipment every 7
years, and that the other 30 percent of the market (independent hotels, offices, and medical
services) would replace their PTAC or PTHP every 10 years. DOE calculated the weighted
average median lifetime for the total market for PTACs and PTHPs (7.9 years) and assumed it
would represent the median lifetime. DOE rounded the median lifetime up to 8 years and then
adjusted the scale and shape factor of the Weibull function so that the mean and median lifetimes
would be 8 years. DOE took the same approach for maximum lifetime, using a maximum of 14
years for large hotels (double the median value) and 20 years for independent hotels, offices, and
medical services, which provided a weighted average maximum lifetime of 15.8 years. The
parameters for the Weibull distribution are provided below.

The Weibull distribution is a probability distribution function commonly used to measure
failure rates.® Its form is similar to an exponential distribution, which would model a fixed
failure rate, except that it allows for a failure rate that changes over time in a particular fashion.
The cumulative distribution takes the form:

P(x) = e_():e)ﬂ

Eqg. 8.4
for x > 6 and P(x) =1 for x <6,
Where:
P(x) = probability that the equipment is still in use at age X,
X = equipment age,
o=  the scale parameter, which is the decay length in an exponential distribution,

=  the shape parameter, which determines the way in which the failure rate changes
over time, and
=  the delay parameter, which allows for a delay before any failures occur.

For the subject analysis, DOE developed a Weibull distribution with an alpha of 9.0 and a
beta of 3.0, resulting in a mean lifetime of 8, a median lifetime of 8 and a maximum lifetime of
15 years (15 years is the 99th percentile of the Weibull distribution) years. DOE assumed that the
lifetime is the same at different efficiency levels and therefore used the same lifetime distribution
for each PTAC and PTHP equipment class.

¢ McDaniel, K.C., Senie, Stephen R. Why Hotels Will Fail: Source of Distress in the Current Market. American
College of Real Estate Lawyers. www.acrel.org/Documents/Seminars/a002127.htm# _ftnl
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8.2.2.7 Discount Rates

The commercial discount rate is the rate at which future operating costs are discounted to
establish their present value in the LCC analysis. The discount rate value is applied in the LCC
to future year energy costs and non-energy operations and maintenance costs to calculate the
estimated net life-cycle cost of products of various efficiency levels and life-cycle cost savings as
compared to the baseline for a representative sample of commercial end users.

DOE’s method views the purchase of higher efficiency equipment as an investment that
yields a stream of energy cost savings. DOE derived the discount rates for the LCC analysis by
estimating the cost of capital for companies that purchase PTACs and PTHPs. The weighted-
average cost of capital (WACC) is commonly used to estimate the present value of cash flows to
be derived from a typical company project or investment. Most companies use both debt and
equity capital to fund investments, so their cost of capital is the weighted average of the cost to
the firm of equity and debt financing, as estimated from financial data for publicly traded firms
in the sectors that purchase PTACs and PTHPs. !

Damodaran Online is a widely used source of information about company debt and
equity financing for most types of firms, and was the primary source of data for this analysis.?
Companies included in the Damodaran Online database were assigned to the aggregate
categories listed below:

o Office,

e Hotel,

e Medical Services.

DOE estimated the cost of equity using the capital asset pricing model (CAPM).* The
CAPM assumes that the cost of equity (ke) for a particular company is proportional to the
systematic risk faced by that company, where high risk is associated with a high cost of equity
and low risk is associated with a low cost of equity. The systematic risk facing a firm is
determined by several variables: the risk coefficient of the firm (B), the expected return on risk-
free assets (Rf), and the equity risk premium (ERP). The risk coefficient of the firm indicates the
risk associated with that firm relative to the price variability in the stock market. The expected
return on risk-free assets is defined by the yield on long-term government bonds. The ERP
represents the difference between the expected stock market return and the risk-free rate. The
cost of equity financing is estimated using the following equation:

k =R, +(BxERP)
Eqg. 8.5
Where:
ke = cost of equity,

Rf = expected return on risk-free assets,
p = risk coefficient of the firm, and
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ERP = equity risk premium.

Several parameters of the cost of capital equations can vary substantially over time, and
therefore the estimates can vary with the time period over which data is selected and the
technical details of the data-averaging method. For guidance on the time period for selecting and
averaging data for key parameters and the averaging method, DOE used Federal Reserve
methodologies for calculating these parameters. In its use of the CAPM, the Federal Reserve
uses a forty-year period for calculating discount rate averages, utilizes the gross domestic
product price deflator for estimating inflation, and considers the best method for determining the
risk-free rate as one where “the time horizon of the investor is matched with the term of the risk-
free security.”™

By taking a 40-year geometric average of Federal Reserve data on annual nominal returns
for 10-year Treasury bills, DOE found for this analysis the following risk-free rates for 2011-
2013 (Table 8.2.14).*® DOE also estimated the ERP by calculating the difference between the
risk-free rate and stock market return for the same time period.*?

Table 8.2.14 Risk-free rate and equity risk premium, 2011-2013

Year |Risk free rate (%) ERP (%)
2011 |6.61% 2.94%
2012 |6.41% 3.99%
2013  |6.24% 5.30%

The cost of debt financing (kq) is the interest rate paid on money borrowed by a company.
The cost of debt is estimated by adding a risk adjustment factor (Ra) to the risk-free rate. This
risk adjustment factor depends on the variability of stock returns represented by standard
deviations in stock prices. So for firm i, the cost of debt financing is:

Kgi = R + Ry
Eqg. 8.6
Where:
kgi = cost of debt financing for firm, i,
Rf=  expected return on risk-free assets, and
Rai =  risk adjustment factor to risk-free rate for firm, i.
DOE estimates the WACC using the following equation:
WACC =k _xw +k, xw,
Eq. 8.7

Where:
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WACC = weighted-average cost of capital,

Ke = cost of equity,

We = proportion of equity financing,

kg = cost of debt financing for firm, and
Wy = proportion of debt financing.

By adjusting for the influence of inflation, DOE estimates the real weighted-average cost
of capital, or discount rate, for each company. DOE then aggregates the company real weighted-
average costs of capital to estimate the discount rate for each of the eight broader ownership
types in the PTAC-PTHP analysis. An overall average is estimated by weighting each
ownership type’s discount rate by its estimated share of the PTAC and PTHP markets. These
values are presented in Table 8.2.15. While WACC values for any category may trend higher or
lower over substantial periods of time, these values represent a private sector cost of capital that
is averaged over major business cycles.

Table 8.2.15 Weighted-Average Cost of Capital for Analyzed Sectors

Sector Discount Rate Standard Deviation Market Share
Office 4.57% 2.0% 5%
'C‘:fgf] Hotel / Motel 6.31% 2.0% 70%
:\r/llgizglendent Hotel / 2 83% 3,20 10%
Medical Services 4.14% 1.5% 15%
Average Discount Rate: 6.05% - -

Source: Damodaran Online Data Page: Costs of Capital by Industry Sector, 2011, 2011, 2013.

8.2.2.8  Compliance Year of Standard

DOE calculated the LCC and PBP for all consumers as if each would purchase a new
piece of equipment in the year that compliance with amended standards is required. The Energy
Policy and Conservation Act (EPCA), as amended, requires DOE to consider amending the
existing Federal energy conservation standard for certain types of listed commercial and
industrial equipment, including packaged terminal air conditioners and heat pumps, each time the
American Society of Heating, Refrigerating and Air- Conditioning Engineers (ASHRAE)
Standard 90.1, Energy Standard for Buildings Except Low-Rise Residential Buildings, is
amended with respect to such equipment. (42 U.S.C. 6313(a)(6)(A)) If DOE does indeed adopt
a uniform national standard more stringent than the amended ASHRAE Standard 90.1,
equipment must comply with the efficiency level contained therein if they are manufactured on
or after a date which is four years after the date such rule is published in the Federal Register. (42
U.S.C 6313(a)(6)(D)) At the time of preparation of the Final Rule analysis, the expected
publication year was 2015.
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8.2.2.9  Base Case Distribution of Efficiency Levels

Market share and efficiency level data for PTACs and PTHPs were obtained from a 2013
dataset from the Air-Conditioning, Heating, and Refrigeration Institute (AHRI) Directory of
Certified Product Performance. DOE used an efficiency trend to establish the efficiency
distribution for 2019. DOE applied the trend from 2012 to 2035 that was used in the commercial
unitary air conditioner Advance Notice of Proposed Rulemaking (ANOPR), which estimated an
increase of approximately 1 EER every 35 years.® Table 8.2.16 presents the estimated base case
efficiency market shares for each PTAC and PTHP representative cooling capacity, as described
in Chapter 5.

Table 8.2.16 Base Case Efficiency Market Shares in 2019 for Packaged Terminal Air
Conditioners and 2018 for Packaged Terminal Heat Pumps

PTAC -9,000 Btu/h | PTAC - 15,000 Btu/h | PTHP - 9,000 Btu/h | PTHP — 15,000 Btu/h
IEER | Market Share | IEER | Market Share | IEER | Market Share | IEER | Market Share
11.3 | 43.6% 9.5 25.8% 11.3 | 52.5% 9.5 63.1%

115 | 24.3% 9.7 34.8% 115 | 8.9% 9.7 0.0%

12.0 | 29.5% 10.0 | 34.7% 120 | 26.1% 10.0 | 28.4%

124 | 2.1% 104 | 2.7% 124 | 12.4% 104 | 7.2%

129 | 0.5% 108 | 1.4% 129 | 0.0% 10.8 | 1.4%

13.1 | 0.0% 11.0 | 0.7% 13.1 | 0.0% 11.0 | 0.0%

8.3 PAYBACK PERIOD INPUTS

The PBP is the amount of time it takes the consumer to recover the assumed higher
purchase cost of more energy-efficient equipment as a result of lower operating costs.
Numerically, the PBP is the ratio of the increase in purchase cost (i.e., from a less efficient
design to a more efficient design) to the decrease in first year annual operating expenditures.

The equation for PBP is:

PBP =AIC/AOC
Eqg. 8.8

Where:
PBP = payback period in years,

¢ See DOE’s technical support document underlying DOE’s July 29, 2004 ANOPR. 69 FR 45460 (Available at:
www.regulations.gov/#!documentDetail;:D=EERE-2006-STD-0103-0078).
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AIC = difference in the total installed cost between the more efficient standard-level
equipment (efficiency levels 2, 3, and so on) and the baseline efficiency
equipment, and

AOC =difference in first year annual operating costs.

Payback periods are expressed in years. Payback periods can be greater than the life of
the equipment if the increased total installed cost of the more efficient equipment is not
recovered fast enough in reduced operating costs.

DOE also calculates a rebuttable PBP, which is the time it takes the consumer to recover
the assumed higher purchase cost of more energy-efficient equipment as a result of lower energy
costs. Numerically, the rebuttable PBP is the ratio of the increase in purchase cost (i.e., from a
less efficient design to a more efficient design) to the decrease in annual energy expenditures—
that is, the difference in first year annual energy cost as calculated based on the DOE test
procedure. The calculation excludes maintenance costs.

The data inputs to PBP are the total installed cost of the equipment to the consumer for
each efficiency level and the annual (first year) operating costs for each efficiency level. The
inputs to the total installed cost are the equipment price and the installation cost. The inputs to
the operating costs are the annual energy cost and the annual maintenance cost (or, in the case of
rebuttable PBP, only the annual energy cost). The PBP uses the same inputs as the LCC analysis,
except that electricity price trends and discount rates are not required. Since the PBP is a
“simple” payback, the required electricity cost is only for the year in which a new efficiency
standard is to take effect.

8.4 LIFE-CYCLE COST AND PAYBACK PERIOD RESULTS

This section presents the results of the LCC and PBP analysis for PTACs and PTHPs. As
discussed previously, DOE’s approach to the LCC analysis relied on 1,224 unit energy
consumption values from the previous rulemaking. DOE also used probability distributions to
characterize the uncertainty in many of the inputs to the analysis. DOE used Monte Carlo
simulation to perform the LCC calculations for the consumers in the sample.

LCC and PBP calculations were performed 10,000 times on the sample of consumers
established for each equipment class. Each LCC and PBP calculation was performed on a single
consumer selected from the sample. A consumer was selected based on its weight (i.e., how
representative that particular consumer was of other consumers in the distribution). Each LCC
and PBP calculation also sampled from the probability distributions that DOE developed to
characterize many of the inputs to the analysis.

For each set of sample consumers using the equipment in each equipment class, DOE
calculated the average LCC and LCC savings and the median PBP for each trial standard level
(TSL). DOE calculated LCC savings and PBPs relative to the base-case products that it assigned
to the sample consumers. For some consumers, DOE assigned a base-case product that is more
efficient than the baseline. For that reason, the average LCC impacts are not equal to the
difference between the LCC of a specific standard level and the LCC of the baseline product.
The calculation of average LCC savings includes consumers with zero LCC savings (no impact
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from a standard). DOE considered a consumer to receive no effect at a given standard level if
DOE assigned it base-case equipment having the same or higher efficiency than the standard
level. DOE calculated the median PBP values by excluding the consumers that are not impacted
by a standard at a given efficiency level.

For each TSL, DOE also calculated the share of consumers experiencing a net LCC
benefit, a net LCC cost, and no effect. DOE considered a consumer to receive no effect at a
given standard level if DOE assigned it base-case equipment having the same or higher
efficiency than the standard level.

For this final rule, DOE also repeated the LCC and PBP calculations for an alternative
base case where the mandatory efficiency level is the Federal minimum, for informational
purposes.

8.4.1 Packaged Terminal Air Conditioners — 9,000 Btu/h
Table 8.4.1summarizes the LCC and PBP results for PTACs of 9,000 Btu/h cooling capacity.

Table 8.4.1 Packaged Terminal Air Conditioners — 9,000 Btu/h Cooling Capacity: Life-
Cycle Cost and Payback Period Results

'é\éiﬁgf*l"fe'cyde Costs Life-Cycle Cost Savings** Median
Efficiency Consumers Showing Avg. Payback
Level Installed | Operating LCC (%) Savings | Period
Cost Cost Net | No Net (20149) || (years)t
Cost | Impact | Benefit
ELL ) g1433 | s1314 |$2746) - | - : : :
Baseline ’ ' '
EL2 $1,442 $1,308 $2,750 || 39% | 57% 4% -$1.45 104
EL3 $1,459 $1,298 $2,757 || 64% | 32% 4% -$6.56 11.1
EL4 $1,477 $1,289 $2,767 | 93% | 2% 4% -$15.60 12.1
ELS $1,497 $1,280 $2,778 | 96% | 0% 3% -$26.57 12.9
EL6 $1,508 $1,276 $2,784 | 97% | 0% 3% -$32.74 13.3

*The average discounted LCC for each efficiency level is calculated assuming that all purchases are for products only with that efficiency level.
This allows the LCCs for each efficiency level to be compared under the same conditions.

**The LCC savings for each efficiency level are calculated relative to the base case efficiency distribution. The calculation includes
establishments with zero LCC savings (no impact).

tThe median payback period is calculated only for affected establishments. Establishments with no impact have an undefined payback period,

and are therefore not included in calculating the median PBP.

Figure 8.4.1 and Figure 8.4.2 show the range of LCC savings and PBPs for all of the
efficiency levels considered for PTACs with outputs of 9,000 Btu/h cooling capacity. For each
standard level, the top and the bottom of the box indicate the 75th and 25th percentiles,
respectively. The bar at the middle of the box indicates the median; 50 percent of the consumers
have LCC savings or PBP above this value. The horizontal lines above and below each box
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indicate the 95th and 5th percentiles, respectively. The small box shows the average LCC
savings or PBP for each standard level.
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Figure 8.4.1 Range of Life-Cycle Cost Savings for Packaged Terminal Air Conditioners —
9,000 Btu/h Cooling Capacity
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Figure 8.4.2 Range of Payback Periods for Packaged Terminal Air Conditioners — 9,000
Btu/h Cooling Capacity
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8.4.2 Packaged Terminal Air Conditioners — 15,000 Btu/h Cooling Capacity
Table 8.4.2 summarizes the LCC and PBP results for PTACs of 15,000 Btu/h cooling capacity.

Table 8.4.2 Packaged Terminal Air Conditioners — 15,000 Btu/h Cooling Capacity: Life-
Cycle Cost and Payback Period Results

é\(/)ir?g)e*Llfe-Cycle Costs Life-Cycle Cost Savings** Median
Efficiency _ Consumers Showing (%) Avg. Pay_back
Level Installed | Operating | | - Savings | Period

Cost Cost Net No Net (20149) | (years)t

Cost Impact | Benefit

Elz;siiine $1,691 $1,635 | $3,326 - - - - -
EL2 $1,700 $1,630 |[$3,330| 23% 75% 2% -$0.88 11.1
EL3 $1,723 $1,619 | $3,342| 59% 39% 2% -$8.17 13.2
EL4 $1,753 $1,608 | $3,361 | 95% 5% 1% -$26.43 15.7
ELS $1,790 $1,597 | $3,387 | 98% 2% 0% -$52.16 18.0
ELG $1,811 $1,592 | $3,403 | 99% 1% 0% -$67.89 19.2

*The average discounted LCC for each efficiency level is calculated assuming that all purchases are for products only with that efficiency level.
This allows the LCCs for each efficiency level to be compared under the same conditions.

**The LCC savings for each efficiency level are calculated relative to the base case efficiency distribution. The calculation includes
establishments with zero LCC savings (no impact).

tThe median payback period is calculated only for affected consumers. Consumers with no impact have an undefined payback period and are
therefore not included in calculating the median PBP.

Figure 8.4.3 and Figure 8.4.4 show the range of LCC savings and PBPs for all of the
efficiency levels considered for PTACs with output of 15,000 Btu/h cooling capacity. For each
standard level, the top and the bottom of the box indicate the 75th and 25th percentiles,
respectively. The bar at the middle of the box indicates the median; 50 percent of the consumers
have LCC savings or PBP above this value. The horizontal lines above and below each box
indicate the 95th and 5th percentiles, respectively. The small box shows the average LCC
savings or PBP for each standard level.
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Figure 8.4.3 Range of Life-Cycle Cost Savings for Packaged Terminal Air Conditioners —
15,000 Btu/h Cooling Capacity
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Figure 8.4.4 Range of Payback Periods for Packaged Terminal Air Conditioners — 15,000
Btu/h Cooling Capacity
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8.4.3 Packaged Terminal Heat Pumps — 9,000 Btu/h Cooling Capacity
Table 8.4.3 summarizes the LCC and PBP results for PTHPs of 9,000 Btu/h cooling capacity.

Table 8.4.3 Packaged Terminal Heat Pumps — 9,000 Btu/h Cooling Capacity

é\éelrzlg)e*Llfe-Cycle Costs Life-Cycle Cost Savings** Median
Efficiency Consumers Showing Avg. Payback
Level Installed | Operating LCC (%) Savings | Period

Cost Cost Net | No Net (20143) | (years)t

Cost | Impact | Benefit

EL1 $1,552 $1,835 | $3,388 | 12% | 47% 41% $2.14 4.5
EL 2 $1,570 | $1,820 | $3,390 | 33% [ 38% 30% | $0.74 6.2
EL 3 $1,588 | $1,806 | $3,394 | 60% [ 12% 28% | -$2.87 7.2
EL 4 $1,608 | $1,792 | $3,400 | 75% | 0% 25% | -$8.70 7.9
EL5 $1,619 | $1,785 | $3,404 [ 77% | 0% 23% | -$12.27 8.2

*The average discounted LCC for each efficiency level is calculated assuming that all purchases are for products only with that efficiency level.
This allows the LCCs for each efficiency level to be compared under the same conditions.

**The LCC savings for each efficiency level are calculated relative to the base case efficiency distribution. The calculation includes

establishments with zero LCC savings (no impact).
tThe median payback period is calculated only for affected consumers. Consumers with no impact have an undefined payback period and are

therefore not included in calculating the median PBP.
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Figure 8.4.5 and Figure 8.4.6 show the range of LCC savings and PBPs for all of the
efficiency levels considered for PTHPs with outputs of 9,000 Btu/h cooling capacity. For each
standard level, the top and the bottom of the box indicate the 75th and 25th percentiles,
respectively. The bar at the middle of the box indicates the median; 50 percent of the consumers
have LCC savings or PBP above this value. The horizontal lines above and below each box
indicate the 95th and 5th percentiles, respectively. The small box shows the average LCC
savings or PBP for each standard level.
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Figure 8.4.5 Range of Life-Cycle Cost Savings for Packaged Terminal Heat Pumps —
9,000 Btu/h Cooling Capacity
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Figure 8.4.6 Range of Payback Periods for Packaged Terminal Heat Pumps — 9,000 Btu/h
Cooling Capacity

8-33



8.4.4 Packaged Terminal Heat Pumps — 15,000 Btu/h Cooling Capacity
Table 8.4.4 summarizes the LCC and PBP results for PTHPs of 15,000 Btu/h cooling capacity.

Table 8.4.4 Packaged Terminal Heat Pumps — 15,000 Btu/h Cooling Capacity

é\éelrzlg)e*Llfe-Cycle Costs Life-Cycle Cost Savings** Median
Efficiency Consumers Showing Avg. Payback
Level Installed | Operating LCC (%) Savings || Period

Cost Cost Net | No Net (20149) || (years)t

Cost | Impact | Benefit

EL1 $1,805 | $2,295 | $4,100 | 47% | 38% 15% | -$1.04 8.2
EL 2 $1,828 | $2,274 | $4,102 | 42% | 38% 20% | -$2.27 7.4
EL 3 $1,858 | $2,253 | $4,111 | 73% [ 9% 18% [ -$10.50 8.3
EL 4 $1,895 | $2,232 | $4,127 | 87% | 2% 12% | -$26.41 9.5
EL5 $1,916 | $2,222 | $4,138 [ 91% [ 0% 9% | -$37.17 | 10.0

*The average discounted LCC for each efficiency level is calculated assuming that all purchases are for products only with that efficiency level.
This allows the LCCs for each efficiency level to be compared under the same conditions.

**The LCC savings for each efficiency level are calculated relative to the base case efficiency distribution. The calculation includes

establishments with zero LCC savings (no impact).
tThe median payback period is calculated only for affected consumers. Consumers with no impact have an undefined payback period and are

therefore not included in calculating the median PBP.
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Figure 8.4.7 and Figure 8.4.8 show the range of LCC savings and PBPs for all of the
efficiency levels considered for PTHPs with output of 15,000 Btu/h cooling capacity. For each
standard level, the top and the bottom of the box indicate the 75th and 25th percentiles,
respectively. The bar at the middle of the box indicates the median; 50 percent of the consumers
have LCC savings or PBP above this value. The horizontal lines above and below each box
indicate the 95th and 5th percentiles, respectively. The small box shows the average LCC
savings or PBP for each standard level.
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Figure 8.4.7 Range of Life-Cycle Cost Savings for Packaged Terminal Heat Pumps —
15,000 Btu/h Cooling Capacity
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Figure 8.4.8 Range of Payback Periods for Packaged Terminal Heat Pumps — 15,000
Btu/h Cooling Capacity

8.4.5 Alternative Base Case Analysis

The alternative base case analysis was based off a scenario where the mandatory efficiency level
is the Federal minimum. Table 8.4.5 shows the efficiency distribution against which LCC and
PBP results were calculated. The results of these calculations are shown in Table 8.4.6.

Table 8.4.5 Alternative Base Case Efficiency Market Shares in 2019 for PTACs and 2018
for PTHPs

PTAC - 9,000 Btu/h | PTAC - 15,000 Btu/h | PTHP -9,000 Btu/h | PTHP - 15,000 Btu/h
EER | Market Share | EER | Market Share | EER | Market Share | EER | Market Share
11.3 40.3% 9.5 14.9% 11.3 52.5% 9.5 63.1%
115 24.3% 9.7 34.8% 115 8.9% 9.7 0.0%
12.0 29.5% 10.0 34.7% 12.0 26.1% 10.0 28.4%
12.4 2.1% 10.4 2.7% 12.4 12.4% 10.4 7.2%
12.9 0.5% 10.8 1.4% 12.9 0.0% 10.8 1.4%
13.1 0.0% 11.0 0.7% 13.1 0.0% 11.0 0.0%
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Table 8.4.6  Alternative Base Case Results

Average Life-Cycle Costs (2014$)” Life-Cycle Cost Savings )

Trial Customers Showing (%0) Avg. Fl’\gleg:’f::rll

Standard | Installed | Operating LCC Savings Pgriod

Level Cost Cost Net No Net (20149%) T

Cost Impact | Benefit (years)

1 $1,437 $1,308 $2,746 | 39% 57% 4% -$2.48 10.1
PTAC 2 $1,455 $1,298 $2,753 | 63% 32% 5% -$9.01 10.7
<12,000 3 $1,473 $1,289 $2,762 | 92% 2% 6% -$21.93 11.4
Btu/h 4 $1,493 $1,280 $2,773 95% 0% 4% -$33.30 12.1
5 $1,504 $1,276 $2,780 | 96% 0% 4% -$39.63 125
1 $1,695 $1,630 $3,325 | 21% 75% 4% -$1.21 9.1
PTAC 2 $1,718 $1,619 $3,337 | 57% 39% 4% -$10.24 11.2
>12,000 3 $1,748 $1,608 $3,356 | 93% 5% 2% -$34.40 13.3
Btu/h 4 $1,785 $1,597 $3,382 [ 97% 2% 1% -$61.07 155
5 $1,806 $1,592 $3,398 [ 99% 1% 0% -$77.77 16.7
1 $1,552 $1,835 $3,388 12% 47% 41% $2.14 45
PTHP 2 $1,570 $1,820 $3,390 | 33% 38% 30% $0.74 6.2
<12,000 3 $1,588 $1,806 $3,394 [ 60% 12% 28% -$2.87 7.2
Btu/h 4 $1,608 $1,792 $3,400 | 75% 0% 25% -$8.70 7.9
5 $1,619 $1,785 $3,404 | 77% 0% 23% -$12.27 8.2
1 $1,805 $2,295 $4,100 | 47% 38% 15% -$1.04 8.2
PTHP 2 $1,828 $2,274 $4,102 | 42% 38% 20% -$2.27 7.4
>12,000 3 $1,858 $2,253 $4,111 [ 73% 9% 18% -$10.50 8.3
Btu/h 4 $1,895 $2,232 $4,127 | 87% 2% 12% -$26.41 9.5
5 $1,916 $2,222 $4,138 [ 91% 0% 9% -$37.17 10.0

*The average discounted LCC for each TSL is calculated assuming that all purchases are for equipment only with
that CSL. This allows the LCCs for each TSL to be compared under the same conditions.

**The LCC savings for each TSL are calculated relative to the base case efficiency distribution. The calculation
includes customers with zero LCC savings (no impact).

"The median payback period is calculated only for affected customers. Customers with no impact have an undefined
payback period and are therefore not included in calculating the median PBP.

8.4.6 Rebuttable Payback Period

DOE presents rebuttable PBPs to provide the legally established rebuttable presumption
that an energy efficiency standard is economically justified if the additional equipment costs
attributed to the standard are less than three times the value of the first-year energy cost savings.
(42 U.S.C. 86295(0)(2)(B)(iii))

The basic equation for rebuttable PBP is the same as that shown for the PBP in section
8.3. Unlike the analyses described in section 8.3, however, the rebuttable PBP is not based on the
use of probability distributions, but on discrete single-point values. For example, whereas DOE
uses a probability distribution of energy prices in the distributional PBP analysis, it uses only the
national average energy price to determine the rebuttable PBP.
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8.4.6.1 Inputs

Inputs for the rebuttable PBP differ from the distribution PBP in that the calculation uses
discrete values, rather than distributions. Note that for the calculation of distribution PBP,
because inputs for the determination of total installed cost were based on single-point values,
only the variability and/or uncertainty in the inputs for determining operating cost contributed to
variability in the distribution PBPs. The following summarizes the single-point values that DOE
used in determining the rebuttable PBP:

e Manufacturing costs, markups, sales taxes, and installation costs were all based on the
single-point values used in the distributional LCC and PBP analysis.

e Energy prices were based on national average values for the year that new standards will
take effect.

e An average discount rate or lifetime is not required in the rebuttable PBP calculation.

e The annual energy consumption uses the single-point per unit values, determined from
the whole-building simulations as discussed in Chapter 7.

8.4.6.2 Results

DOE calculated rebuttable PBPs for each standard level relative to the distribution of
equipment energy efficiencies estimated for the base case. Table 8.4.7 and Table 8.4.8 present
the rebuttable PBPs for PTACs and PTHPs.
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Table 8.4.7 Rebuttable-Presumption Payback Periods (years) for Packaged Terminal Air
Conditioners

PTACs - 9,000 Btu/h PTACs - 15,000 Btu/h

Efficiency Level | PBP (years) | Efficiency Level | PBP (years)
EL 1, Baseline - | EL 1, Baseline -
EL 2 6.4 | EL?2 6.5
EL 3 6.7 | EL3 7.7
ELA4 6.9 | EL4 8.9
EL5 7.2 | EL5 10.1
EL6 74 | ELG6 10.7

Table 8.4.8 Rebuttable-Presumption Payback Periods (years) for Packaged Terminal
Heat Pumps

PTHPs - 9,000 Btu/h PTHPs - 15,000 Btu/h

Efficiency Level | PBP (years) | Efficiency Level | PBP (years)
EL1 34| EL1 5.4
EL2 44 | EL?2 5.3
EL 3 48| EL3 5.9
ELA4 5.1 | EL4 6.6
EL5 53| EL5 6.9
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CHAPTER 9. SHIPMENTS ANALYSIS

9.1 INTRODUCTION

The U.S. Department of Energy (DOE) analyzes shipments of affected equipment as part
of every rulemaking regarding new or amended energy efficiency standards for appliances or
commercial and industrial equipment. Estimates of equipment shipments are a necessary input
for calculating national energy savings (NES) and net present value (NPV) of the investment,
which are required to justify potential new or amended energy efficiency standards. Shipments
also are a necessary input to the manufacturer impact analysis (MIA). This chapter describes
DOE’s method and results of projecting annual shipments for packaged terminal air conditioners
(PTACs) and packaged terminal heat pumps (PTHPS).

To project shipments of PTAC and PTHP equipment, DOE considered specific factors
that drive equipment shipments. DOE developed shipments forecasts by accounting for: (1) the
growth in the building stock of hotel/motel, healthcare, and small office buildings that are the
primary end users of PTACs and PTHPs; (2) market segments; (3) equipment failure; and (4)
equipment age.

The shipments models are prepared as Microsoft Excel spreadsheets that are accessible
on the Internet (www.eere.energy.gov/buildings/appliance _standards/). The rest of this chapter
explains the shipments model in more detail. Section 9.2 describes the methodology that
underlies development of the model; section 9.3 describes the input data used to develop the
shipments model; and section 9.4 discusses the results in terms of base-case and standards-case
shipments.

9.2 METHODOLOGY

This section outlines the methodology used to develop the shipments model that provides
projections of shipments for PTAC and PTHP equipment classes defined in Chapter 5. First, a
brief summary of the basic framework is provided in the following section.

PTAC and PTHP shipments are driven primarily by two market segments: new
construction and replacements. For new construction shipments, DOE combined new
construction floor space forecasts with a constant market saturation of the equipment in new
construction floor space. DOE estimated replacement shipments using an equipment retirement
function that it developed based on equipment lifetimes. DOE designed its shipments model by
developing a single shipments model for all PTACs and PTHPs and then disaggregating the
shipments into six equipment classes. The shipments model assumes that, in each year, each
existing PTAC or PTHP either ages by one year or breaks down, and that equipment that breaks
down is replaced. In addition, new equipment can be shipped into new commercial building floor
space.

9-1


http://www.eere.energy.gov/buildings/appliance_standards/

9.2.1 Mathematical Formulation of the Shipments Model

DOE determines the yearly stock based on replacement and new shipments of PTAC and
PTHP equipment. The total stock of equipment U of an age a in a given year t is accounted for
and is modified by the shipments of new stock in a given year, Uship(t, a), as described below.

U(t + 1' a) = U(t, a) + UShip(t, 0)' for each t and for each a

Eqg. 9.1
Where:

U(t,a) = total stock of equipment of an age a in a given year t,
Uship(t,0) = total shipments of new stock,

a = age of stock in years,

t = year.

By definition, the age of the equipment is zero in the year that it is shipped, so Uship(t, a) =
Uship(t, 0). The total stock of equipment is initialized for the year 2013 after the initial stock is
built up, as described below.

U(2013,a) = U0(2013, a)

Eq. 9.2
Where:

U0(2013,a) = total stock of equipment for year after based on the build-up of the initial
stock.

9.2.2 Historical Shipments

DOE received confidential historical shipments from AHRI for the years 2005-2012. In
addition, AHRI provided 1998-2004 data that were published in the 2008 PTAC and PTHP
rulemaking.l The average of the historical shipments (1998-2012) was used as the constant value
for shipments for the years 1993-2012 to build up the initial stock for 2013.

9.2.3 Stock Events

In the transition from year t to year (t+1), two things could happen to the equipment
stock:

e existing equipment could break or be removed during a building renovation and be
replaced, or
e the stock could simply age by one year.

Such stock events as shipments for replacement equipment and shipments for new equipment are
modeled into the shipments of new stock Uship(t):
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Uship(t) = UR(t) + UN(t)
Eqg. 9.3
Where:

Uship(t,0) = total shipments of new stock in year t
UR(t) = units replaced in year t
UN(t) = the number of units going into new buildings in year t

In the model, early replacements (i.e., existing equipment that is replaced before the end of its
useful life) are not considered, and all broken equipment are assumed to be replaced. The
following sections present the equations used to represent each possible event.

9231 Replacement Equipment

DOE determined the probability that equipment of average age a from the stock of existing units
U will break, UB(t), and replaced on a one-to-one basis, UR(t) using a function PB(a), based on a
Weibull statistical distribution of retirements with a 8-year average life and maximum life of 15
years. The inputs for the Weibull distribution that attains these lifetime characteristics are a scale
parameter of 9.0 and shape parameter of 3.0. These probabilities do not depend on the model
year t. DOE defines the quantities of replaced equipment as

a=1
UR(t) = UB(t) = z PB(a) - U(t, a)
all a

Eq. 9.4
Where:

UR(t) = units replaced,

UB(t) = units broken,

PB(a) = probability that stock of existing units will break,

U(t, a) = total stock of equipment of an age a in a given year t,
a = average age of stock in years,

t = year.

All broken units are assumed to be replaced.

9.23.2 New Equipment

New PTAC and PTHP equipment will be purchased to replace the units described above. In
addition, new equipment will be purchased to install in newly constructed buildings. Available
information suggests that the purchase of new equipment that would go into new buildings is
driven by the rate of construction of hotels/motels, health care facilities, and office floor space.
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The number of PTAC and PTHP units intended for new buildings is:
UN(t) = AOx NFS(t)

Eq. 9.5
Where:

UN(t) = the number of units going into new buildings in year t,

A0 = the market saturation that accounts for the number of units per new commercial
floor space,

NFS(t) = the projected new commercial floor space.

DOE has limited information on the variation in the market saturation of PTAC and PTHP
equipment by building type or over time. Therefore, in the model, the purchase of new
equipment is driven by the construction of new floor space, and broken or removed equipment is
replaced on a one for one basis.

9.3 MODEL INPUTS

As described in Eq. 9.3, the market for PTACs and PTHPs comprises replacement units
for equipment that has been retired and units for new construction. The following sections
discuss both the new construction and replacement markets in further detail.

9.3.1 New Construction

To develop shipments to new construction, DOE combined new construction floor space
forecasts with a constant market saturation of the equipment in new construction. DOE used new
construction floor space forecasts for the healthcare, lodging, and small office sectors from the
Energy Information Administration (EIA)’s Annual Energy Outlook 2014 (AEO2014) for 2013-
2040.° Table 9.3.1 presents these forecasts. The data for 2041 through 2048 are based on an
extrapolation of the trend from 2030 through 2040.
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Table 9.3.1 Historical and Projected New Construction (million sq ft) for the Shipments
Model for PTAC and PTHP Equipment*

Year | Healthcare | Lodging | Small Office | Year | Healthcare | Lodging | Small Office
2013 66 147 97 | 2031 71 161 149
2014 66 139 112 | 2032 71 169 160
2015 67 144 137 | 2033 72 184 175
2016 67 149 167 | 2034 72 192 193
2017 68 163 191 | 2035 72 207 211
2018 67 164 209 | 2036 74 215 225
2019 66 171 222 | 2037 74 214 230
2020 65 176 227 | 2038 75 207 228
2021 63 179 228 | 2039 76 198 218
2022 62 182 224 | 2040 76 188 207
2023 61 187 217 | 2041 77 185 198
2024 61 186 209 | 2042 78 183 189
2025 63 181 199 | 2043 78 180 181
2026 65 172 187 | 2044 79 177 173
2027 67 165 173 | 2045 80 174 165
2028 69 155 160 | 2046 80 171 158
2029 70 151 149 | 2047 81 169 151
2030 71 150 146 | 2048 82 166 145

*Source: AEO2014; data for 2041-2048 are extrapolated.

To derive the saturation of PTACs and PTHPs (combined) in new construction, DOE
used data on shipments to new construction and commercial new construction floor space
provided in the 2008 rulemaking, as shown in Table 9.3.2. DOE divided the new construction
shipments by the total new construction floor space and used this saturation as the constant
saturation for the analysis period.




Table 9.3.2 Historical PTAC and PTHP Shipments with New Construction Floor Space
Values Used to Calculate Saturation*
Total New | Saturation
Health care Lodging | Small Office (million | Construction (units/
Year | (millions.f.) | (millions.f.) | (millions.f.) s.f.) Shipments | million s.f.)
2000 68 172 179 419 66,407 6,315

*Source: DOE 2008 PTAC and PTHP Energy Conservation Standards Rulemaking.

9.3.2 Replacements

For new commercial buildings acquiring equipment, shipments are estimated by
multiplying new construction floor space in each projection year by the saturation value.

To determine shipments to the replacement market, DOE used an accounting method that
tracks the total stock of units by vintage. DOE estimated a stock of PTACs and PTHPs by using
the average of the available historical shipments (1998-2012) as the constant value for shipments
for the years 1993-2012. Over time, some units break and are removed from the stock, triggering
the one-for-one shipment of a replacement unit. Depending on the vintage, a certain percentage
of units will fail and need to be replaced. All PTACs and PTHPs are presumed to be replaced by
a unit of the same equipment class and capacity, but of an age of zero. To estimate how long a
unit will function before failing, DOE used a survival function based on the distributions of
equipment lifetime. The survival function that DOE used had an average lifetime of 8 years and
a maximum lifetime of 15 years. Further discussion of equipment lifetime is located in Chapter
8. Figure 9.3.1 shows the survival function DOE used to estimate replacement shipments.
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Figure 9.3.1 PTAC and PTHP Equipment Survival Function
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9.4 RESULTS

For each year in the analysis period, DOE distributed total PTAC and PTHP shipments
into the individual equipment classes using the average shares of the 1998-2004 shipments by
equipment class provided by AHRI for the previous rulemaking. Since the data did not
perceptibly indicate an increasing or decreasing trend, DOE assumed the distribution to persist
throughout the projection years. Table 9.4.1 shows the distribution of PTAC and PTHP
shipments by equipment class. Since the market shares are not expected to change with amended
standards, the results apply for the base case and standards cases.

Table9.4.1 PTAC and PTHP Equipment Class Shipment Distribution

PTAC PTHP
>7,000 - 27,000 - Total
<7,000 <15,000 | >15,000 | <7,000 | <15,000 | >15,000
Btu/h Btu/h Btu/h Btu/h Btu/h Btu/h
1998-2004
Average 13,340 212,844 16,026 7,945 174,538 | 14,057 | 438,750
Shipments
Percent 3% 48.5% 3.7% 1.8% 39.8% 3.2% 100%

Figure 9.4.1 shows the projected shipments of PTACs and PTHPs by equipment class
and the historical shipments (ending in 2048 for PTAC and 2047 for PTHP) DOE used to
develop the initial stock that drove the replacement shipment projection.

Figure 9.4.2 shows total shipments (aggregated from individual equipment classes)
broken into new construction and replacement shipments. This figure starts in 2013, as historical
shipments are not disaggregated into new construction and replacements.

DOE assumed that projected shipments do not change with higher efficiency levels. DOE
expects that most consumers would rather replace than repair failed equipment, given the price
of repair (as discussed in Chapter 8) and the benefits of new equipment (operating life extension
and extended warranty). DOE also assumed that the distribution of the efficiencies of shipments
IS constant over time.
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For the current year, DOE distributed shipments by efficiency level based on the market
availability of models by equipment efficiency. DOE was not able to obtain shipments data of
PTAC and PTHP equipment by efficiency as this information was not available, so it used the
number of models in a certified model product directory as a proxy for market availability. DOE
obtained PTAC and PTHP model and equipment efficiency data from the AHRI Directory of
Certified Product Performance® and determined and assigned the number of units that fell within
a range of efficiencies based on the baseline- and standards-level efficiencies described in
Chapter 5. DOE obtained a total of 346 non-discontinued PTAC models and 230 non-
discontinued PTHP models; their distribution of efficiencies is reported in Table 9.4.2 and Table

9.4.3.

Table 9.4.2 PTAC Efficiency Distribution in 2014

uipment class
Efficiency level* <7,000 Btu/h | >7,000 - <15,000 Btu/h | >15,000 Btu/h
Federal Minimum 0% 8% 100%
Baseline/EL 1 0% 46% 0%
EL 2 100% 39% 0%
EL 3 0% 3% 0%
EL 4 0% 2% 0%
EL5 0% 1% 0%
EL6 0% 0% 0%

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.

Table 9.4.3 PTHP Efficiency Distribution in 2014

Equipment class
Efficiency level* <7,000 Btu/h | >7,000 - <15,000 Btu/h | >15,000 Btu/h
Baseline 100% 78% 100%
EL1 0% 6% 0%
EL 2 0% 6% 0%
EL 3 0% 9% 0%
EL 4 0% 1% 0%
ELS 0% 0% 0%

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is
the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.
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CHAPTER 10. NATIONAL IMPACT ANALYSIS

10.1 INTRODUCTION

This chapter describes the method for estimating the quantity and net value to customers
of future national energy savings (NES) from possible trial standard levels (TSLs). Results
described here include: (1) national energy consumption and savings, (2) monetary value of
operating cost savings to the Nation due to standards, (3) increased total installed costs to the
Nation due to standards, and (4) the net present value (NPV) of operating cost savings (the
difference between value of operating cost savings and increased total installed costs).

DOE performed all calculations using a Microsoft Excel® spreadsheet, which is
accessible on the Internet
(wwwl.eere.energy.gov/buildings/appliance standards/buildings/appliance standards/product.as
px/productid/77).

Chapter 9 provides a detailed description of the shipments model that DOE used to
project future shipments of PTAC and PTHP equipment. It includes estimates of efficiency
market shares in the base case and the considered standards cases, as well as estimates of the
impact of standards on the distribution of shipment efficiencies.

10.2 BASE AND STANDARDS CASE EFFICIENCIES

For each equipment class, DOE developed a distribution of base case efficiencies in the
compliance year for PTAC and PTHP equipment as described in Chapter 8. In each standards
case, DOE assumed a “roll-up” scenario to establish the efficiency distribution. Equipment
efficiencies in the base case that did not meet the standard under consideration “roll up” to meet
the new standard level. All efficiency shares in the base case that were above the standard under
consideration would not be affected.

The tables below present the efficiency distributions for the base case and standards cases
for each PTAC and PTHP equipment class. Each standards case refers to a standard at the
corresponding efficiency level. For example, standards case 1 refers to the case with a standard
at an efficiency level one level above the baseline: for PTAC this represents EL 2, for PTHP this
represents EL 1.
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Table 10.2.1 Efficiency Distributions for the Base and Standards Cases in 2019 for the
PTAC <7,000 Btu/h Equipment Class

Market Share
Efficiency Level* Base Case Standards Case
1 2 3 4 5
Federal Minimum 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Baseline/EL 1 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
EL 2 63.5% 63.5% | 0.0% 0.0% 0.0% 0.0%
EL 3 36.5% 36.5% | 100.0% | 0.0% 0.0% 0.0%
EL 4 0.0% 0.0% 0.0% | 100.0% | 0.0% 0.0%
EL5 0.0% 0.0% 0.0% 0.0% | 100.0% 0.0%
EL 6 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for
PTAC equipment. Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-

2013 minimum for PTAC equipment.

Table 10.2.2 Efficiency Distributions for the Base and Standards Cases in 2019 for the
PTAC 7,000 — 15,000 Btu/h Equipment Class

Market Share
Efficiency Level* Standards Case
Base Case
1 2 3 4 5
Federal Minimum 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Baseline/EL 1 37.9% 0.0% 0.0% 0.0% 0.0% 0.0%
EL 2 29.0% 68.7% | 0.0% 0.0% 0.0% 0.0%
EL 3 29.3% 27.6% | 96.3% | 0.0% 0.0% 0.0%
EL 4 2.5% 2.5% 25% | 98.8% | 0.0% 0.0%
EL5 0.9% 0.9% 0.9% 0.9% | 99.7% 0.0%
EL6 0.3% 0.3% 0.3% 0.3% 0.3% 100.0%

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for
PTAC equipment. Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-

2013 minimum for PTAC equipment.

Table 10.2.3 Efficiency Distributions for the Base and Standards Cases in 2019 for the
PTAC >15,000 Btu/h Equipment Class

Market Share
Efficiency Level* Standards Case
Base Case
1 2 3 4 5
Federal Minimum 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Baseline/EL 1 65.1% 0.0% 0.0% 0.0% 0.0% 0.0%
EL 2 17.4% 87.4% | 0.0% 0.0% 0.0% 0.0%
EL 3 17.5% 12.6% | 100.0% | 0.0% 0.0% 0.0%
EL 4 0.0% 0.0% 0.0% |[100.0% | 0.0% 0.0%
EL5 0.0% 0.0% 0.0% 0.0% | 100.0% 0.0%
EL6 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for
PTAC equipment. Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-

2013 minimum for PTAC equipment.
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Table 10.2.4 Efficiency Distributions for the Base and Standards Cases in 2018 for the
PTHP <7,000 Btu/h Equipment Class

Market Share
Efficiency Level* Standards Case
Base Case
1 2 3 4 5

Baseline 71.8% 0.0% 0.0% 0.0% 0.0% 0.0%
EL1 13.8% 88.3% | 0.0% 0.0% 0.0% 0.0%
EL 2 14.4% 11.7% | 100.0% | 0.0% 0.0% 0.0%
EL 3 0.0% 0.0% 0.0% | 100.0% | 0.0% 0.0%
EL 4 0.0% 0.0% 0.0% 0.0% | 100.0% | 0.0%
EL5 0.0% 0.0% 0.0% 0.0% 0.0% | 100.0%

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP
equipment, which is the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

Table 10.2.5 Efficiency Distributions for the Base and Standards Cases in 2018 for the
PTHP 7,000 — 15,000 Btu/h Equipment Class

Market Share
Efficiency Level* Standards Case
Base Case
1 2 3 4 5

Baseline 55.9% 0.0% 0.0% 0.0% 0.0% 0.0%
EL1 8.2% 68.0% | 0.0% 0.0% 0.0% 0.0%
EL 2 25.9% 22.0% | 90.0% [ 0.0% 0.0% 0.0%
EL 3 9.5% 9.5% 9.5% [ 99.5% | 0.0% 0.0%
EL 4 0.5% 0.5% 0.5% 0.5% | 100.0% | 0.0%
EL5 0.0% 0.0% 0.0% 0.0% 0.0% | 100.0%

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP
equipment, which is the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

Table 10.2.6 Efficiency Distributions for the Base and Standards Cases in 2018 for the
PTHP >15,000 Btu/h Equipment Class

Market Share
Efficiency Level* Standards Case
Base Case
1 2 3 4 5

Baseline 71.8% 0.0% 0.0% 0.0% 0.0% 0.0%
EL1 2.8% 79.6% | 0.0% 0.0% 0.0% 0.0%
EL2 25.4% 20.4% | 100.0% | 0.0% 0.0% 0.0%
EL 3 0.0% 0.0% 0.0% | 100.0% | 0.0% 0.0%
EL 4 0.0% 0.0% 0.0% 0.0% | 100.0% | 0.0%
EL5 0.0% 0.0% 0.0% 0.0% 0.0% | 100.0%

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP
equipment, which is the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

Technological improvement in equipment and historical shifts to higher energy efficiency
suggest that the distribution of efficiencies do not remain constant. DOE therefore used an

10-3



efficiency trend to establish the efficiency distribution, as described in chapter 8, and to project
the efficiency distribution for the years after the compliance year for the standard case
shipments. Figure 10.2.1 illustrates the trend in market-weighted efficiency for the base case and
standards cases for the PTAC 7,000 — 15,000 Btu/h cooling capacity equipment class.
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Figure 10.
10.3 NATIONAL ENERGY SAVINGS

10.3.1 Definition

DOE calculates annual NES as the difference between two projections: a base case
(without new standards) and a standards case (with new standards). The standards cases also take
into account the energy use of units repaired rather than replaced.

The calculation of annual nation energy savings (NES,) are represented by the following
expressions.

NESy = AEC i pase ~ AEC i s

Cumulative energy savings are the sum of each annual NES over the lifetime of
equipment shipped or repaired in the period that extends from a standard’s assumed compliance
date for 30 years. This calculation is represented by the following equations for:
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10.3.2 NES Inputs

NES,,, = > NES,

DOE calculated AEC by multiplying the number or stock of a given piece of equipment
(by vintage) by its unit energy consumption (also by vintage). The calculation of the national and
each regional AEC is represented by the following equation:

Where:

AEC =

NES, =
NEScum =
STOCKy =

UEC\/ =

natl =
base =
std =
y =
cum =
V=

AEC = STOCK, xUEC,

annual energy consumption each year for the Nation in quadrillion
British thermal units (Btus)—quads—summed over vintages of the
equipment stock, STOCKy;

national annual energy savings (quads);

national cumulative energy savings (quads);

stock of equipment (millions of units) of vintage V that survive in
the year for which DOE calculated annual energy consumption;
annual energy consumption per unit in kilowatt-hours (kwWh);
electricity consumption is converted from site energy to power
plant energy (quads) by applying a time-dependent conversion
factor;

designates the quantity corresponding to the Nation;

designates the quantity corresponding to the base case;

designates the quantity corresponding to the standards case;

year in the projection; and

cumulative over the projection period; and

year in which the equipment was purchased as a new unit.

The stock of PTAC and PTHP equipment is dependent on annual shipments, repairs, and
the lifetime of the equipment. As described in Chapter 9, DOE conducted shipments projections
under the base case and standards cases. DOE determined that the shipment projections under the
standards cases were lower than those in the base case projection, due to the higher installed cost
of the more-efficient equipment, which would cause some customers to repair rather than replace
equipment. These so-called extended repairs are higher in the standards cases.

The inputs for calculating national energy savings are:

average annual energy consumption per unit (UEC),
shipments and extended repairs,

equipment stock (STOCKJy),

annual energy consumption for the Nation (AEC), and
power plant primary energy use factor (src_conv).
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10.3.2.1  Annual Energy Consumption per Unit

The annual energy consumption per unit (UEC) is the site energy consumed by a PTAC
or PTHP unit per year. The annual energy consumption is directly tied to the efficiency of the
unit. Thus, knowing the efficiency of a PTAC or PTHP unit enables a determination of the
corresponding annual energy consumption.

For PTACSs, as detailed in chapter 7, DOE used unit energy consumption data obtained
from the 2008 Energy Conservation Standards Rulemaking for PTAC equipment. To account for
differences in cooling capacity and/or EER from the previous rulemaking, the UEC (cooling) for
each equipment class and each efficiency level were linearly scaled from source to target cooling
capacity and/or EER.

For PTHP, also detailed in chapter 7, DOE used unit energy consumption data obtained
from the 2008 Energy Conservation Standards Rulemaking for PHTP equipment. To account for
differences in cooling capacity and/or EER from the previous rulemaking, the UECs (cooling
potion) for each equipment class and each efficiency level were linearly scaled from source to
target cooling capacity and/or EER. To account for differences in COP from the previous
rulemaking, the UECs (heating potion) for each equipment class and each efficiency level were
linearly scaled from source to target cooling capacity and/or COP.

DOE adjusted UECs to account for changes in climate based on analyses of weather
databases. DOE determined annual projected market shares by efficiency level that, in turn,
when multiplied by annual energy consumption values by efficiency level, enabled a
determination of shipment-weighted annual energy consumption values.

10.3.2.2  Shipments

DOE projected shipments for the base case and all standards cases (see Chapter 9).
Several factors, including total installed costs, operating cost, and equipment lifetime, all impact
projected shipments. Of the above factors, total installed costs were the primary driver in
projecting the impact of standards on shipments. As noted earlier, the increased installed cost of
more-efficient equipment causes some customers to forego equipment purchases. Consequently,
shipments projected under the standards cases are lower than those projected under the base case.
An extensive description of the methodology for conducting and generating the shipments
projections can be found in Chapter 9.

10.3.2.3 Equipment Stock

The PTAC and PTHP stock in a given year is the number of PTAC and PTHP units
shipped from earlier years that survive in the given year. The NIA model keeps track of the
PTAC and PTHP equipment shipped each year. DOE assumed that PTAC and PTHP equipment
have an increasing probability of retiring as they age. The probability of survival as a function of
years-since-purchase is the survival function. Lifetimes range from 1 to approximately 20 years,
with an average lifetime of 10 years (see Chapters 8 and 9 for further details).
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10.3.2.4 National Annual Energy Consumption

The national energy consumption is the product of the per-unit PTAC and PTHP annual
energy consumption and the number of PTAC and PTHP units of each vintage and efficiency.
This approach accounts for differences in unit energy consumption from year to year.

For each equipment class, DOE calculated the total national site (i.e., the energy
consumed at the household or establishment) annual energy consumption (AEC). Annual energy
consumption is the product of the AEC per unit [also termed the unit energy consumption
(UEC)] and the number of units of each vintage and efficiency. This method accounts for
differences in UEC from year to year.

In determining national annual energy consumption, DOE initially calculated the annual
energy consumption at the site (i.e., electricity in kWh consumed by the PTAC and PTHP unit
within the building it is serving). DOE then calculated primary energy consumption from site
energy consumption by applying a conversion factor to account for losses associated with the
generation, transmission, and distribution of electricity.

10.3.2.5 Site to Primary Energy Conversion Factor

DOE calculates primary energy savings (power plant consumption) from site energy
savings by applying a factor to account for losses associated with the generation, transmission,
and distribution of electricity. DOE derived annual average site-to-power plant factors based on
the version of the National Energy Modeling System (NEMS) that corresponds to Energy
Information Administration (EIA) Annual Energy Outlook 2014 (AEO 2014)1. The factors
change over time in response to projected changes in the types of power plants projected to
provide electricity to the country. Figure 10.3.1 shows the site-to-power plant factors from 2019
to the end of the projection period. For years after 2040 (the last year in the AEO), DOE held the
factors constant at the 2040 value.
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Figure 10.3.1 Site-to-Power Plant Energy Use Factors

10.3.2.6  Full-Fuel-Cycle Energy Factors

The full-fuel-cycle (FFC) measure includes point-of-use (site) energy, the energy losses
associated with generation, transmission, and distribution of electricity, and the energy consumed
in extracting, processing, and transporting or distributing primary fuels. To complete the full-
fuel-cycle by encompassing the energy consumed in extracting, processing, and transporting or
distributing primary fuels, which we refer to as “upstream” activities, DOE developed FFC
multipliers® using the data and projections generated by the NEMS used for AEO 2014. The
AEO provides extensive information about the energy system, including projections of future oil,
natural gas and coal supply, energy use for oil and gas field and refinery operations, and fuel
consumption and emissions related to electric power production. This information can be used to
define a set of parameters representing the energy intensity of energy production.

Table 10.3.1 shows the FFC energy multipliers used for PTACs and PTHPs for selected
years. The method used to calculate FFC energy multipliers is described in appendix 10-A.

8 FFC multipliers discussed in this chapter relate to the upstream part of the FFC process.
10-8



Table 10.3.1 Full-Fuel-Cycle Energy Multipliers (Based on AEO 2014)

2019 2020 2025 2030 2035 2040
Electricity 1.043 1.044 1.045 1.046 1.047 1.047
(power plant energy use)
Natural Gas (site) 1.108 1.109 1.111 1.113 1.114 1.114
Petroleum Fuels (site) 1.176 1.176 1.176 1.174 1.172 1.170

10.4 NET PRESENT VALUE OF CUSTOMER BENEFITS

10.4.1 Net Present VValue Definition

The NPV is the value in the present of a time-series of costs and savings. The NPV is
described by the equation:

NPV = PVS -PVC
Where:

PVS = present value of savings in operating cost (including costs for energy,
repair, and maintenance); and

PVC = present value of increase in total installed cost (including costs for
equipment, extended repairs, and installation).

DOE determined the PVS and PVC according to the following expressions.

PVS = Zoc:sy x DFy

PVC =) TIC, x DFy

DOE calculated the total annual savings in operating cost by multiplying the number or
stock of a given equipment (by vintage) by its per-unit operating cost savings (also by vintage).
DOE calculated the total annual increase in installed cost by multiplying the number or stock of a
given equipment (by vintage) by its per-unit total installed cost increase or extended repair cost
(also by vintage). Total annual savings in operating cost and increases in installed cost and
extended repair cost are calculated using the following equations.

0CS, =) STOCK, xUOCS,

TIC, = ) STOCK, xUTIC,

Where:
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OCSs = total annual savings in operating cost each year summed over vintages of
the equipment stock, STOCKy;

TIC = total annual increase in installed cost and extended repair cost each year
summed over vintages of the equipment stock, STOCKy;

DF = discount factor in each year;

STOCKy =  stock of equipment (millions of units) of vintage V that survive in the year
for which DOE calculated annual energy consumption;

UOCSy = annual per-unit savings in operating cost;

UTICy = annual total per-unit increase in installed cost and extended repair cost;

V= year in which the equipment was purchased as a new unit or repaired; and

y= year in the projection.

DOE determined the PVC for each year from the compliance date of the standard until
the end of the analysis period, which is 2048 for PTAC and 2047 for PTHP. DOE determined the
PVS for each year from the compliance date of the standard until the year when units purchased
or repaired at the end of the analysis period retire. DOE calculated costs and savings as the
difference between each standards case and the base case.

DOE calculated a discount factor from the discount rate and the number of years between
the “present” (2014, the year to which the sum is being discounted) and the year in which the
costs and savings occur. The NPV is the sum over time of the discounted net savings.

10.4.2 Inputs to Calculation

Listed below are the inputs to DOE’s calculation of the NPV of costs and savings.

total annual installed cost,

total annual operating costs,

discount factor (DF),

present value of total annual increases in installed cost (TIC),
present value of savings (PVS).

The total annual increase in installed cost is equal to the annual change in the total per-
unit installed cost (difference between base case and standards case) multiplied by the shipments
projected for each standards case. As with calculating energy savings, DOE did not use base-case
shipments to calculate total annual installed costs for all of the equipment classes. DOE used the
projected shipments and stock for each standards case to calculate costs.

The annual operating cost includes energy and maintenance costs. The total annual
savings in operating cost are equal to the change in the annual operating costs (difference
between base case and standards case) per unit multiplied by the shipments projected for each
candidate standard level. As with calculating total annual installed costs, DOE did not use base-
case shipments to calculate savings in operating cost.

10-10



10.4.2.1 Total Annual Installed Cost

The increase in the total annual installed cost is equal to the annual change in the per-unit
total installed cost (difference between base case and standards case) multiplied by the shipments
projected in the standards case. The total installed cost includes both the equipment cost and the
installation cost. Table 10.4.1 provides average total installed cost values by efficiency level for
all PTAC and PTHP equipment classes.

Table 10.4.1 Average Total Installed Costs for PTACs in 2019 and PTHPs in 2018 (20143%)

Efficiency Level*

Federal Baseline/ | EL 2 EL 3 EL 4 ELS ELG6
Equipment Class Minimum | EL 1

PTAC <7,000 Btu/h $1,313 $1,324 | $1,333 | $1,351 | $1,372 | $1,395 | $1,406

PTAC 7,000 — 15,000 $1,422 $1,433 $1,442 | $1,459 | $1,477 | $1,497 | $1,508
Btu/h

PTAC >15,000 Btu/h $1,678 $1,691 | $1,700 | $1,723 | $1,753 | $1,790 | $1,811

Equipment Class Baseline | EL 1 EL 2 EL 3 EL 4 EL5
PTHP <7,000 Btu/h $1,431 $1,440 | $1,458 | $1,479 | $1,502 | $1,514
PTHP 7,000 — 15,000 $1,544 | $1,552 | $1,570 | $1,588 | $1,608 | $1,619
Btu/h

PTHP >15,000 Btu/h $1,796 | $1,805 | $1,828 | $1,858 | $1,895 | $1,916

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.
The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is
the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

As discussed in section 10.2, DOE developed base case and standards case projections of
market share by efficiency level. DOE multiplied the market share by efficiency level in each
year by the values in Table 10.4.1 to calculate annual shipment-weighted average total installed
costs.

10.4.2.2 Total Annual Operating Cost

The annual operating cost savings are equal to the change in the annual operating costs
(difference between base case and standards case) per unit multiplied by the shipments projected
in the standards case. The annual operating cost includes electricity and repair/maintenance
costs.

Annual Electricity Cost Savings
As explained in Chapter 7, DOE calculated annual electricity costs using data from the 2008
rulemaking which provided unit energy consumption for PTACs and PTHPs. Chapter 8
describes how DOE calculated annual electricity prices for PTAC and PTHP equipment.

Table 10.4.2 provides weighted-average annual electricity expense values for each
efficiency level and each PTAC and PTHP equipment class.
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Table 10.4.2 Average Annual Electricity Costs for PTAC in 2019 and for PTHP in 2018

(2014%)

Efficiency Level*

Federal Baseline/ | EL 2 EL3 |EL4 |EL5 |ELG
Equipment Class Minimum | EL 1
PTAC <7,000 Btu/h $80 $79 $77 $75 $73 $70 $69
PTAC 7,000 — 15,000 $96 $95 $94 $91 $89 $86 $85
Btu/h
PTAC >15,000 Btu/h $151 $150 $148 $145 | $143 | $140 | $138
Equipment Class Baseline |EL 1 EL2 |[EL3 |EL4 |ELS
PTHP <7,000 Btu/h $152 $150 $147 | $144 | $141 | $139
PTHP 7,000 — 15,000 $174 $172 $168 | $165 | $162 | $160
Btu/h
PTHP >15,000 Btu/h $250 $249 $244 | $240 | $235 | $233

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.
The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is
the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

As with the total installed cost data, DOE developed projected annual electricity expenses
based on the annual projections of market share by efficiency level specified in the base case and
standards cases. DOE multiplied the market share by efficiency level in each year by the values
in Table 10.4.2 to calculate annual shipment-weighted average annual electricity costs. DOE
then applied electricity price trends from AEO 2014 to scale the electricity expenses moving
forward.

Annual Maintenance Costs
DOE determined the average annual maintenance costs to be $56 for PTACs and $62 for PTHPs.
Because maintenance costs do not change with efficiency, annual maintenance costs do not
factor into the determination of the total operating cost savings.

Annual Repair Costs
Since annualized warranty costs offer a proxy price for the price of a repair, DOE determined the
average annual repair cost for PTACs and PTHPs by dividing the total cost of various
manufacturer- and third-party-provided warranties for a unit by the duration of the warranty.
Table 10.4.3 provides repair cost values by efficiency level for the PTAC and PTHP equipment
classes.
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Table 10.4.3 Average Repair Cost Per Unit for PTACs in 2019 and PTHPs in 2018 (2014$%)

Efficiency Level*

Federal Baseline/ | EL 2 EL3 |EL4 |ELS ELG6
Equipment Class Minimum | EL 1
PTAC <7,000 Btu/h $69 $70 $70 $71 | $72 $72 $73
PTAC 7,000 — 15,000 $70 $70 $71 $71 | $72 $73 $74
Btu/h
PTAC >15,000 Btu/h $72 $72 $73 $74 | $74 | $75 $76
Equipment Class Baseline |EL 1 EL2 |EL3|EL4 |ELS
PTHP <7,000 Btu/h $62 $62 $62 | $62 $62 $62
PTHP 7,000 — 15,000 $75 $75 $76 | $77 $77 $78
Btu/h
PTHP >15,000 Btu/h $77 $77 $78 | $79 $80 $80

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.
The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is
the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

10.4.2.3 Discount Factor

DOE multiplied monetary values in future years by a discount factor to determine the
present value. The discount factor (DF) is described by the equation:

1
DF=————
(1+r)(ywp)
Where:
r= discount rate,
y = year of the monetary value, and

yp = year in which the present value is being determined.

Although DOE used consumer discount rates to determine the life-cycle cost of PTAC
equipment (chapter 8), it used national discount rates to calculate national NPV. DOE estimated
NPV using both a 3% and a 7% real discount rate, in accordance with the Office of Management
and Budget’s guidance to Federal agencies on the development of regulatory analysis,
particularly section E therein: Identifying and Measuring Benefits and Costs.> DOE defined the
present year as 2014.

10.4.2.4 Present Value of Increased Installed Costs

The present value of increased installed cost is the difference between installation cost in
each standards case and the base case discounted to the present and summed throughout the
period over which DOE is considering the installation of units.. DOE calculated annual increases
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in installed cost as the difference in total installed cost for new equipment purchased each year
between the base case and each standards case. DOE also calculated the repair costs for units that
are repaired rather than replaced in the standards cases.

10.4.2.5 Present Value of Savings

The present value of annual savings in operating cost is the difference between the base
case and each standards case discounted to the present and summed throughout the period from
the compliance date, to the time when the last unit is retired from service.

Savings represent decreases in operating cost (including electricity and maintenance)
associated with the more energy efficient equipment purchased in each standards case compared
to the base case. Savings are reduced by the energy costs associated with units that are repaired
rather than replaced in the standards cases. Total annual savings in operating cost are the savings
per unit multiplied by the number of units of each vintage that survive in a particular year.

10.5 TRIAL STANDARD LEVELS

DOE developed TSLs that combine efficiency levels for each equipment class. Table
10.5.1 presents the efficiency levels for each equipment class in each TSL.

Table 10.5.1 Trial Standard Levels for PTACs and PTHPs

Equipment Class ASHRAE | TSL 1| TSL 2| TSL 3 [TSL 4[TSL 5
Efficiency Level
PTAC <7,000 Btu/h 1 2 3 4 5] 6
PTAC 7,000 - 15,000 Btu/h 1 2 3 4 516
PTAC >15,000 Btu/h 1 2 3 4 5|6
PTHP <7,000 Btu/h 0 1 2 3 4 15
PTHP 7,000 — 15,000 Btu/h 0 1 2 3 415
PTHP >15,000 Btu/h 0 1 2 3 |45

10.6 NES AND NPV RESULTS

10.6.1 National Energy Savings

The following section provides NES results for the trial standard levels considered for
PTAC and PTHP equipment. DOE based the inputs to the NIA model on weighted-average
values, yielding results that are discrete point values rather than a distribution of values as in the
LCC analysis.

Table 10.6.1 and Table 10.6.2 show the NES results for the TSLs that DOE analyzed.
Each of the standards cases represented by TSLs was compared to the base case represented by
the ASHRAE level. NES for the ASHRAE level were determined by comparing to a base case
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represented by the Federal minimum efficiency levels of current energy conservation standards.
To demonstrate the relative share of the energy savings due to each equipment class, DOE
disaggregated the results by PTAC and PTHP equipment class.

Table 10.6.1 Cumulative Primary Energy Savings for PTAC and PTHP equipment

(quads)
. Trial Standard Level
Equipment Class** ASHRAE*
1 2 3 4 5

PTAC <7,000 Btu/h 0.000 0.000 | 0.001 | 0.002 | 0.003 | 0.003
PTAC 7,000 — 15,000 Btu/h 0.000 0.004 | 0.020 | 0.041 | 0.052 | 0.053
PTAC >15,000 Btu/h 0.001 0.000 | 0.002 | 0.004 | 0.005 | 0.005
PTHP <7,000 Btu/h - 0.000 | 0.001 | 0.002 | 0.003 | 0.003
PTHP 7,000 - 15,000 Btu/h - 0.007 | 0.024 | 0.046 | 0.058 | 0.060
PTHP >15,000 Btu/h - 0.001 | 0.003 | 0.005 | 0.006 | 0.006
Total — All Classes 0.001 0.013 | 0.052 | 0.100 | 0.127 | 0.130

*Cells that have “-* have zero energy savings because efficiency remains the same at this level.

**Energy savings of 0.000 have energy savings but cannot be shown due to rounding.

Table 10.6.2 Full-Fuel-Cycle National Energy Savings for PTAC and PTHP (quads)

i Trial Standard Level
Equipment Class** ASHRAE*
1 2 3 4 5

PTAC <7,000 Btu/h 0.000 0.000 | 0.001 | 0.002 | 0.003 | 0.003
PTAC 7,000 — 15,000 Btu/h 0.000 0.004 | 0.020 | 0.042 | 0.053 | 0.054
PTAC >15,000 Btu/h 0.001 0.000 | 0.002 | 0.004 | 0.005 | 0.005
PTHP <7,000 Btu/h - 0.000 | 0.001 | 0.002 | 0.003 | 0.003
PTHP 7,000 — 15,000 Btu/h - 0.007 | 0.025 | 0.047 | 0.059 | 0.061
PTHP >15,000 Btu/h - 0.001 | 0.003 | 0.005 | 0.006 | 0.007
Total — All Classes 0.001 0.014 | 0.052 | 0.102 | 0.129 | 0.133

*Cells that have “-* have zero energy savings because efficiency remains the same at this level.

**Energy savings of 0.000 have energy savings but cannot be shown due to rounding.

10.6.2 Annual Costs and Savings

As a prelude to providing the NPVs for each trial standard level in each equipment class,
this section presents the annual total installed cost increases and annual operating cost savings
for each product class at the national level at TSL 2 as a means to illustrate the inputs for the
calculation of NPV.

Figure 10.6.1 to Figure 10.6.5 show the changes over time of the non-discounted annual
total equipment cost increases and the non-discounted operating cost savings for each product
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class at TSL 2.° The figures also show the net annual impact, which is the difference between the
savings and costs for each year. The annual incremental equipment cost is the increase in the
total installed cost for equipment purchased each year. The annual operating cost savings is the
savings in operating costs for equipment that has been purchased, and has not been retired, for
each year until all purchased equipment has been retired. The NPV is the difference between the
cumulative annual discounted savings and the cumulative annual discounted costs.

1.5

0.5

O O O O O O O O o O O O O O O O O ‘ ;;
AN N N AN N N NN NNNNNNN
EEE M Incremental Equipment
05 - Cost

B Operating Cost Savings

Millions of Dollars
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2028
2029
2030
2040
2048

= Net Savings

-1

Figure 10.6.1 Packaged Terminal Air Conditioners 7,000 Btu/h — 15, 000 Btu/h:
Incremental Equipment Costs, Operating Cost Savings, and Net Savings;
TSL 2

® Note that the annual costs and savings for the PTAC <7,000 Btu/h cooling capacity equipment class are excluded
as they have no market share at TSL 2.
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Figure 10.6.2 Packaged Terminal Air Conditioners >15,000 Btu/h: Incremental
Equipment Costs, Operating Cost Savings, and Net Savings; TSL 2
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Figure 10.6.3 Packaged Terminal Heat Pumps <7,000 Btu/h: Incremental Equipment
Costs, Operating Cost Savings, and Net Savings; TSL 2
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Figure 10.6.4 Packaged Terminal Heat Pumps 7,000 Btu/h — 15, 000 Btu/h: Installed
Costs, Operating Cost Savings, and Net Savings; TSL 2
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Figure 10.6.5 Packaged Terminal Heat Pumps >15,000 Btu/h: Incremental Equipment
Costs, Operating Cost Savings, and Net Savings; TSL 2

10.6.3 Net Present VValue Results

The following section provides NPV results for the trial standard levels considered for
PTAC and PTHP equipment. Results are cumulative and are shown as discounted values in
dollar terms.

The present value of increased total installed costs is the total installed cost increase (i.e.,
the difference between the standards case and base case), discounted to the present, and summed
over the period of shipments forecasts. The results presented here assume no change in
equipment prices during the forecast period. NPV results are not presented for the ASHRAE
levels, unlike NES results, because DOE receives no benefit from economic savings when
adopting a mandatory efficiency level, which is the efficiency level set forth in ASHRAE
Standard 90.1-2013 for PTAC equipment.

Savings are decreases in operating costs associated with the higher energy efficiency of
PTAC and PTHP equipment purchased in the standards case compared to the base case. Total
operating cost savings are the savings per unit multiplied by the number of units of each vintage
(i.e., the year of manufacture) surviving in a particular year. The operating cost includes energy
consumed and maintenance and repair costs incurred until the last unit is retired from service.

Table 10.6.3 and Table 10.6.4 show the NPV results for PTAC and PTHP equipment at

each TSL, based on a seven-percent discount rate. DOE based all results on electricity price
forecasts from the AEO2014 Reference Case. Table 10.6.4 and Figure 10.6.6 provide the NPV
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results based on a three-percent discount rate and electricity price forecasts from the AEO2014

Reference Case.

DOE also developed sensitivity analyses using an increasing product price trend and a
decreasing product price trend coupled with AEO2014 Low Economic Growth and High
Economic Growth cases, respectively. These product trends and AEO Economic Growth case are
described in appendix 10-B, which also presents NPV results based on these alternative

sensitivities.

Table 10.6.3 Cumulative NPV Results for PTAC and PTHP, 7% Discount Rate (millions

2014$)

Equipment Class

Trial Standard Level

1 2 3 4 5
PTAC <7,000 Btu/h 00| -1.0( -3.0| 46| -5.0
PTAC 7,000 - 15,000 Btu/h | -2.7 | -14.9 | -35.6 | -53.9 [ -57.6
PTAC >15,000 Btu/h -05( -33| -75]-10.9|-11.6
PTHP <7,000 Btu/h -0.1( 05| -11| -18| -1.9
PTHP 7,000 — 15,000 Btu/h | 3.3| 29| -0.7| -6.3| -7.7
PTHP >15,000 Btu/h -01| 06| -22| -39| -4.3
Total — All Classes -0.1]-17.3|-50.2 | -81.4 | -88.1
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Figure 10.6.6 Present Value of Annual Costs and Benefits for all PTACs and PTHPs,
7% Discount Rate at TSL 2
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Table 10.6.4 Cumulative NPV Results for PTAC and PTHP, 3% Discount Rate (millions
2014%)

Trial Standard Level

Product Class 1 > 3 2 5

PTAC <7,000 Btu/h 00| -16| 46| 69| -7.2
PTAC 7,000 — 15,000 Btu/h | -3.0 | -18.2 | -46.2 | -68.7 | -72.7
PTAC >15,000 Btu/h -09| -5.7|-12.7|-175|-18.3
PTHP <7,000 Btu/h 01| -01( -08| -14]| -15
PTHP 7,000 — 15,000 Btu/h | 9.4 | 19.1| 25.7| 25.7| 25.1
PTHP >15,000 Btu/h 03] 05 -11| -28| -31
Total — All Classes 59| -6.0(-39.7|-715|-77.7

2.5

Millions of Dollars

_1 . . c . ~

-1.5

Figure 10.6.7 TSL 2: Present Value of Annual Costs and Benefits for all PTACs and
PTHPs, 3% Discount Rate
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10.6.4 Alternative Base Case Analysis

The alternative base case analysis was based off a scenario where the mandatory
efficiency level is the Federal minimum. Chapter 8 presents the alternative base case efficiency
market shares in the compliance year for PTACs and PTHPs. The calculations for NES and NPV
were performed against this alternative base case and the cumulative primary energy savings,
FFC national energy savings, and NPV results at the 7% and 3% discount rates are shown in
Table 10.6.5 to Table 10.6.8, for informational purposes.

Table 10.6.5 Cumulative Primary Energy Savings for PTAC and PTHP Equipment
Compared to the Alternative Base Case (quads)

Product Class** ASHRAE* Trial Standard Level
1 2 3 4 5

PTAC <7,000 Btu/h 0.000 0.000 | 0.001 | 0.002 | 0.003 | 0.003
PTAC 7,000 — 15,000 Btu/h 0.000 0.004 | 0.020 | 0.041 | 0.052 | 0.053
PTAC >15,000 Btu/h 0.001 0.001 | 0.003 | 0.005 | 0.005 | 0.006
PTHP <7,000 Btu/h - 0.000 | 0.001 | 0.002 | 0.003 | 0.003
PTHP 7,000 - 15,000 Btu/h - 0.007 | 0.024 | 0.046 | 0.058 | 0.060
PTHP >15,000 Btu/h - 0.001 | 0.003 | 0.005 | 0.006 | 0.006
Total — All Classes 0.001 0.014 | 0.052 | 0.101 | 0.128 | 0.131

*Cells that have “-* have zero energy savings because efficiency remains the same at this level.
**Energy savings of 0.000 have energy savings but cannot be shown due to rounding.

Table 10.6.6 Full-Fuel-Cycle National Energy Savings for PTAC and PTHP Equipment
Compared to the Alternative Base Case (quads)

Product Class** ASHRAE* Trial Standard Level
1 2 3 4 5

PTAC <7,000 Btu/h 0.000 0.000 | 0.001 | 0.002 | 0.003 | 0.003
PTAC 7,000 — 15,000 Btu/h 0.000 0.004 | 0.020 | 0.042 | 0.053 | 0.054
PTAC >15,000 Btu/h 0.001 0.001 | 0.003 | 0.005 | 0.005 | 0.006
PTHP <7,000 Btu/h - 0.000 | 0.001 | 0.002 | 0.003 | 0.003
PTHP 7,000 — 15,000 Btu/h - 0.007 | 0.025| 0.047 | 0.059 | 0.061
PTHP >15,000 Btu/h - 0.001 | 0.003 | 0.005 | 0.006 | 0.007
Total — All Classes 0.001 0.014 | 0.053 | 0.103 | 0.130 | 0.133

*Cells that have “-* have zero energy savings because efficiency remains the same at this level.
**Energy savings of 0.000 have energy savings but cannot be shown due to rounding.
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Table 10.6.7 Cumulative NPV Results for PTAC and PTHP Equipment Compared to the
Alternative Base Case, 7% Discount Rate (millions 20143)

Trial Standard Level

Product Class 1 > 3 2 5

PTAC <7,000 Btu/h 00| -10( -3.0| 46| -5.0
PTAC 7,000 - 15,000 Btu/h | -2.9 | -15.1 | -35.8 | -54.0 | -57.8
PTAC >15,000 Btu/h -1.5| 43| -85(-119(-12.6
PTHP <7,000 Btu/h 01| 05| -11| -18| -1.9
PTHP 7,000 - 15,000 Btu/h | 3.3| 29| -0.7| -6.3| -7.7
PTHP >15,000 Btu/h -0.1| 06| -22| -39| -4.3
Total — All Classes -1.3(-18.5|-51.3|-82.6 | -89.3

Table 10.6.8 Cumulative NPV Results for PTAC and PTHP Equipment Compared to the
Alternative Base Case, 3% Discount Rate (millions 2014$)

Trial Standard Level

Product Class 1 > 3 7 5

PTAC <7,000 Btu/h 00| -16| 46| 69| -7.2
PTAC 7,000 - 15,000 Btu/h | -3.2 | -18.4 | -46.5 | -68.9 | -72.9
PTAC >15,000 Btu/h 24| -7.2]-14.1]-18.9 | -19.7
PTHP <7,000 Btu/h 01| -01( -08| -14| -15
PTHP 7,000 — 15,000 Btu/h | 9.4 | 19.1| 25.7| 25.7| 25.1
PTHP >15,000 Btu/h 03| 05| -11| -28| -31
Total — All Classes 42| -7.71-41.3|-73.2|-79.4
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CHAPTER 11. CONSUMER SUBGROUP ANALYSIS

11.1 INTRODUCTION

The subgroup analysis evaluates impacts on any identifiable groups of commercial
consumers of packaged terminal air conditioners (PTACs) and packaged terminal heat pumps
(PTHPs) who may be disproportionately affected by a national energy-efficiency standard. The
U.S. Department of Energy (DOE) accomplished this, in part, by analyzing the LCC and
payback period (PBPs) for those commercial consumers that fall into specific subgroup.

DOE determined the impact on commercial consumer subgroup using the LCC
spreadsheet model. The standard LCC and PBP analysis (described in Chapter 8) includes
various types of commercial buildings that use PTAC equipment. The LCC spreadsheet model
allows for the identification of certain subgroup of commercial consumers that can then be
analyzed by sampling only that subgroup. (Chapter 8 explains in detail the inputs to the
spreadsheet model used in determining the LCC and PBP.)

This chapter describes the subgroup identification in further detail and gives the results of
the LCC and PBP analysis for the considered subgroups.

11.2 SUBGROUPS DEFINITION

11.2.1 Commercial Consumer Subgroup

DOE identified small businesses as a subgroup that possibly could be disproportionately
affected by PTAC efficiency standards. DOE was concerned that increases in the purchase price
of equipment could have negative impacts on small businesses (i.e., those with low annual
revenues).

The U.S. Small Business Administration (SBA) established size standards to define small
businesses for types of economic activity, or industry, under the North American Industry
Classification System (NAICS)l. The SBA defines a small business by either its annual receipts
(i.e., revenues) or its number of employees. In the case of traveler accommodations, firms with
annual revenues of $7 million or less are categorized as small businesses. Generally, chain hotels
do not meet this criterion, but a substantial portion of independent hotels do. Based on data
reported by Ducker Worldwide, DOE established that independent hotels are the primary small
business subgroup, representing approximately 10% of the total building sample.2

11.2.2 Small Business Commercial Discount Rate

The capital asset pricing model (CAPM) underestimates the cost of capital for small
companies. In CAPM, the risk premium g is used to account for the higher returns associated
with greater risk. However, for small companies, particularly very small companies, historic
returns have been significantly higher than the CAPM equation predicts. This additional return
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can be accounted for by adding a size premium to the cost of equity for small firms, as shown in
Eqg. 11.1:

k, =R, +(BxERP)+S

Eq. 11.1
Where:
Ke = cost of equity,
Rf= expected return on risk-free assets,
= risk coefficient of the firm,
ERP = equity risk premium, and
S= size premium.

DOE obtained size premium data from Ibbotson Associates’ Stocks, Bonds, Bills, and
Inflation 2009 Yearbook.® For the period of 1926-2008, the average size premium for the smallest
companies in all industries is 5.81%, implying that on average, historic performance of small
companies has been 5.81% higher than the CAPM estimate of the small company cost of equity.?

DOE calculated the real weighted-average cost of capital (as described in Chapter 8)
using the cost of equity including a size premium for small companies instead of the CAPM cost
of equity.4 Table 11.2.1 presents DOE’s estimates of the discount rates for entire sectors, small
companies specifically, and the small company discount rate premium.

To estimate the impact of standards specifically on small businesses, the small company
discount rates for each sector were used in the LCC and PBP analysis instead of the sector
average discount rates.

Table 11.2.1 Discount Rate Difference between Small Company and Sector Average

Discount Rate

Hotels Average | Standard Small Company
9€ | Deviation | Discount Rate Premium
Entire Sector 6.05% 2.82%
- 1.76%
Small Companies | 7.81% 3.10%

11.2.3 Life-Cycle Cost and Payback Period Results for Small Business Subgroup

Table 11.2.2 to Table 11.2.5 summarize the LCC results for the small business subgroup
for each of the PTAC and PTHP equipment classes, and compare them to the results for the total
sample of buildings used in the overall LCC analysis. Table 11.2.6 to Table 11.2.9 summarize

% In this calculation, small companies are defined as companies with market capitalization of less than or equal to
$218.53 million, the Ibbotson Associates’ definition of Decile 10 companies.
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the PBP results. Results are provided by trial standard level (TSL). Note that this is likely an
overestimate of the impact on small businesses; not all independent hotels qualify as small
businesses.

As is evident from the LCC and PBP results, the effect of higher PTAC and PTHP
standards on small businesses is similar to the effect on the full sample of commercial
consumers. Thus, small businesses are not substantially disadvantaged by increased PTAC and
PTHP equipment standards, as compared to the general population of commercial consumers.

Table 11.2.2 PTAC 9,000 Btu/h Units: LCC Results Comparison between Small Business
and Subgroup and All Buildings

Small Businesses All Buildings
Efficiency | Mean LFjlelfcent_o;: | Mean Eelfcent_o;
Level* ncrease in nits wit ncrease in nits wit
Mean LCC | | cc from LCC Mean LCC || cC from LCC
Baseline Savings Baseline Savings
Baseline/EL 1 $2,651 - - $2,746 - -

EL2 $2,659 $4 3% $2,750 $3 4%
EL3 $2,667 $11 3% $2,757 $10 4%
EL 4 $2,677 $17 3% $2,767 $16 4%
EL5 $2,689 $29 2% $2,778 $27 3%
EL6 $2,695 $35 2% $2,784 $33 3%

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.

Table 11.2.3 PTAC 15,000 Btu/h Units: LCC Results Comparison Between Small Business
and Subgroup and All Buildings

Small Businesses All Buildings
Efficiency | Mean . Ee((t:ent_;); | Mean _ Ber_;:ent_al:
Level* ncrease in nits wi ncrease in nits wi
Mean LCC || ¢ from LCC Mean LCC || c¢ from LcC
Baseline Savings Baseline Savings
Baseline/EL 1 $3,207 - - $3,326 - -

EL2 $3,216 $4 1% $3,330 $3 2%
EL3 $3,229 $14 0% $3,342 $13 2%
EL4 $3,249 $29 0% $3,361 $28 1%
EL5 $3,276 $55 0% $3,387 $53 0%
EL6 $3,292 $71 1% $3,403 $68 0%

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.
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Table 11.2.4 PTHP 9,000 Btu/h Units: LCC Results Comparison Between Small Business
and Subgroup and All Buildings

Small Businesses All Buildings
Efficiency Mean Percent of Mean Percent of
Level* Mean | Increase/(Decrease) | Unitswith | Mean | Increase/(Decrease) Units
LCC in LCC from LCC LCC in LCC from with LCC
Baseline** Savings Baseline** Savings
Baseline $3,263 - - $3,392 - -
EL1 $3,260 ($3) 39% $3,388 ($4) 41%
EL 2 $3,264 $1 25% $3,390 ($2) 30%
EL3 $3,269 $6 22% $3,394 $3 28%
EL 4 $3,276 $12 19% $3,400 $9 25%
EL5 $3,280 $16 17% $3,403 $12 23%

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is

the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.
**Parentheses indicate negative values

Table 11.2.5 PTHP 15,000 Btu/h Units: LCC Results Comparison Between Small Business
and Subgroup and All Buildings

Small Businesses All Buildings
Efficiency Percent of Percent of
Level* Mean Mean Increase in Unitswith | Mean | Mean Increasein | Units with
LCC | LCC from Baseline LCC LCC | LCC from Baseline LCC
Savings Savings
Baseline $3,938 - - $4,098 - -
EL1 $3,940 $2 11% $4,100 $2 15%
EL2 $3,944 $6 15% $4,102 $4 20%
EL3 $3,954 $14 13% $4,111 $12 18%
EL4 $3,972 $31 8% $4,127 $27 12%
ELS $3,983 $42 6% $4,138 $37 9%

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is

the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.
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Table 11.2.6 PTAC 9,000 Btu/h Units: PBP Results Comparison Between Small Business
Subgroup and All Buildings
Small Businesses All Buildings

Efficiency Level* ) )
Mean PBP (years) | Median PBP (years) | Mean PBP (years) | Median PBP (years)

Baseline/EL 1 - - - -

EL 2 10.7 10.4 10.7 10.4
EL3 115 111 115 111
EL 4 12.6 12.1 12.6 12.1
EL5 134 12.9 134 12.9
EL6 13.8 13.3 13.8 13.3

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.

Table 11.2.7 PTAC 15,000 Btu/h Units: PBP Results Comparison Between Small Business
Subgroup and All Buildings
Small Businesses All Buildings

Efficiency Level* ) )
Mean PBP (years) | Median PBP (years) | Mean PBP (years) | Median PBP (years)

Baseline/EL 1 - - - -

EL 2 114 111 114 111
EL3 13.3 13.2 13.3 13.2
EL 4 16.6 15.7 16.6 15.7
EL5 19.1 18.0 19.1 18.0
EL6 20.5 19.2 20.5 19.2

*The Federal Minimum efficiency level represents the efficiency level of the current federal energy conservation standards for PTAC equipment.
Efficiency level 1 is the baseline level for PTAC equipment, and is the ANSI/ASHRAE/IES Standard 90.1-2013 minimum for PTAC equipment.
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Table 11.2.8 PTHP 9,000 Btu/h Units: PBP Results Comparison Between Small Business
Subgroup and All Buildings

Small Businesses All Buildings
Efficiency Level* ) )
Mean PBP (years) | Median PBP (years) | Mean PBP (years) | Median PBP (years)
Baseline - - - -
EL1 4.4 4.4 4.4 4.4
EL 2 6.3 6.1 6.3 6.1
EL3 7.4 7.1 7.4 7.1
EL 4 8.1 7.7 8.1 7.7
ELS 8.3 8.0 8.3 8.0

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is
the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.

Table 11.2.9 PTHP 15,000 Btu/h Units: PBP Results Comparison Between Small Business
Subgroup and All Buildings

Small Businesses All Buildings
Efficiency Level* ) )
Mean PBP (years) | Median PBP (years) | Mean PBP (years) | Median PBP (years)
Baseline - - - -
EL1 8.2 8.0 8.2 8.0
EL2 7.3 7.2 7.3 7.2
EL3 8.5 8.2 8.5 8.2
EL 4 9.7 9.3 9.7 9.3
EL5 10.3 9.9 10.3 9.9

*The baseline efficiency level represents the efficiency level of the current federal energy conservation standards for PTHP equipment, which is
the same as the ANSI/ASHRAE/IES Standard 90.1-2013 minimum efficiency for PTHP equipment.
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CHAPTER 12. MANUFACTURER IMPACT ANALYSIS

121 INTRODUCTION

In determining whether a standard is economically justified, the U.S. Department of
Energy (DOE) is required to consider “the economic impact of the standard on the manufacturers
and on the customers of the products subject to such a standard.” (42 U.S.C. 6313(a)(6)(B)(i))
The law also calls for an assessment of the impact of any lessening of competition as determined
in writing by the Attorney General. Id. DOE conducted a manufacturer impact analysis (MIA) to
estimate the financial impact of amended energy conservation standards on manufacturers of
packaged terminal air conditioners (PTACS) and packaged terminal heat pumps (PTHPSs), and
assessed the impact of such standards on direct employment and manufacturing capacity.

The MIA has both quantitative and qualitative aspects. The quantitative part of the MIA
primarily relies on the Government Regulatory Impact Model (GRIM), an industry cash-flow
model adapted for each equipment type in this rulemaking. The GRIM inputs include
information on industry cost structure, shipments, and pricing strategies. The GRIM’s key output
is the industry net present value (INPV). The model estimates the financial impact of more
stringent energy conservation standards for each equipment type by comparing changes in INPV
between a base case and the various trial standard levels (TSLs) in the standards case. The
qualitative part of the MIA addresses equipment characteristics, manufacturer characteristics,
market and equipment trends, as well as the impact of standards on subgroups of manufacturers.

122 METHODOLOGY

DOE conducted the MIA in three phases. Phase I, “Industry Profile,” consisted of
preparing a characterization of the PTAC and PTHP industry, including data on sales volumes,
pricing, employment, and financial structure. As part of this phase, DOE conducted interviews
with a broad cross-section of PTAC and PTHP manufacturers to gather information on the
industry as well as the potential impacts of amended energy conservation standards. In Phase II,
“Industry Cash Flow Analysis,” DOE used the Government Regulatory Impact Model (GRIM)
to assess the potential impacts of amended energy conservation standards on manufacturers.
DOE used financial inputs derived from a combination of sources including manufacturer
interviews conducted in Phase | as well as public sources of information. In Phase 111, “Subgroup
Impact Analysis,” DOE developed additional analyses for subgroups that required special
consideration and incorporated qualitative data from interviews into its analysis.

12.2.1 Phase I: Industry Profile

In Phase I of the MIA, DOE prepared a profile of the PTAC and PTHP industry. DOE
developed its industry profile using a combination of sources, including: public information,
such as Securities and Exchange Commission (SEC) 10-K reports,* Standard & Poor’s (S&P)
stock reports,” market research tools (e.g., Hoovers®), corporate annual reports, and the U.S.
Census Bureau’s 2011 Annual Survey of Manufacturers (ASM)*; information obtained through
DOE’s engineering analysis, life-cycle cost analysis, and market and technology assessment
prepared for this rulemaking; financial analysis performed as part of the 2008 energy
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conservation standards final rule for PTACs and PTHPs; and information obtained directly from
manufacturers through interviews.

The industry profile includes: (1) further detail on the overall market and equipment
characteristics; (2) estimated manufacturer market shares; (3) financial parameters such as net
plant, property, and equipment; selling, general and administrative (SG&A) expenses; cost of
goods sold; and (4) trends in the number of firms, market, and equipment characteristics.

12.2.1.1 Manufacturer Interviews

During Phase I of the MIA, DOE interviewed manufacturers to gather information on the
effects of amended energy conservation standards on revenues and finances, direct employment,
capital assets, and industry competitiveness. Before the interviews, DOE distributed an interview
guide to interviewees. The interview guide provided a starting point for identifying relevant
issues and impacts of amended energy conservation standards on individual manufacturers or
subgroups of manufacturers. Most of the information received from these meetings is protected
by non-disclosure agreements and resides with DOE’s contractors. The MIA interview topics
included: (1) key issues to this rulemaking; (2) engineering analysis; (3) company overview and
organizational characteristics; (4) manufacturer markups and profitability; (5) shipping costs; (6)
industry projections; (7) financial parameters; (8) conversion costs; (9) cumulative regulatory
burden; (10) direct employment impact assessment; (11) capacity, exports, foreign competition,
and outsourcing; (12) consolidation; and (13) impacts on small businesses.

The interview process provides an opportunity for manufacturers to express their views on
important issues privately, allowing confidential or sensitive information to be considered in the
rulemaking process. DOE sought to obtain feedback from industry on the approaches used in the
GRIM and to isolate key issues and concerns. DOE used these interviews to tailor the GRIM to
reflect financial characteristics unique to the PTAC and PTHP industry. Interviews were
scheduled well in advance to provide every opportunity for key individuals to be available for
comment. Although a written response to the questionnaire was acceptable, DOE sought
interactive interviews, which help clarify responses and identify additional issues. The resulting
information provides valuable inputs to the GRIM.

12.2.2 Phase II: Industry Cash-Flow Analysis

Phase Il focused on the financial impacts of potential amended energy conservation standards
on manufacturers of PTAC and PTHP equipment. In general, energy conservation standards can
affect manufacturer cash flow in three distinct ways: (1) create a need for increased investment;
(2) raise production costs per unit; and (3) alter revenue due to higher per-unit prices and/or
possible changes in sales volumes. To quantify these impacts, DOE used the GRIM to perform a
cash-flow analysis for the PTAC and PTHP industry. In performing these analyses, DOE used
the financial values derived during Phase | and the shipment scenarios used in the national
impact analysis (NIA).

The GRIM uses several factors to determine a series of annual cash flows from the
announcement year of amended energy conservation standards until 30 years after the standards’
compliance date. These factors include annual expected revenues, costs of goods sold, SG&A,
taxes, and capital expenditures related to the amended standards. Inputs to the GRIM include
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manufacturer production costs, markup assumptions, and shipments forecasts developed in other
analyses. DOE derived the manufacturing costs from the engineering analysis and information
provided by the industry. It estimated typical manufacturer markups from public financial reports
and interviews with manufacturers. DOE developed alternative markup scenarios based on
discussions with manufacturers. DOE’s shipments analysis, presented in Chapter 9 of the
technical support document (TSD), provided the basis for the shipment projections in the GRIM.
The financial parameters were developed using publicly available manufacturer data and were
revised with information submitted confidentially during manufacturer interviews. The GRIM
results are compared to base-case projections for the industry. The financial impact of amended
energy conservation standards is the difference between the discounted annual cash flows in the
base case and standards case at each TSL.

The results of the industry cash-flow analysis are presented in section 12.4.
12.2.3 Phase I11: Manufacturer Subgroup Analysis

For its GRIM analysis, DOE presented impacts on the PTAC and PTHP industry as a
whole. However, using average cost assumptions to develop an industry cash-flow estimate may
not adequately assess differential impacts of amended energy conservation standards among
manufacturer subgroups. For example, small manufacturers, niche players, or manufacturers
exhibiting a cost structure that largely differs from the industry average could be more negatively
affected. To address this possible impact, DOE used the results of the industry characterization
analysis in Phase I to group manufacturers that exhibit similar characteristics.

During the interviews, DOE discussed the potential subgroups and subgroup members it
identified for the analysis. DOE asked manufacturers and other interested parties to suggest what
subgroups or characteristics are the most appropriate to analyze. As described in section 12.4,
DOE analyzes the industry impacts on PTAC and PTHP equipment manufacturers as a whole
because most of the equipment classes represent the same market served by the same
manufacturers. However, as discussed below, DOE identified two manufacturer subgroups that
could be disproportionately impacted by amended energy conservation standards and therefore
warranted a separate impact analysis: (1) manufacturers with production assets; and (2) small
businesses.

12.2.3.1 Manufacturers with Production Assets Subgroup

DOE initially identified 22 companies that sell PTAC and PTHP equipment in the U.S.
Among U.S. companies, however, few own production assets; rather, they import and distribute
PTACs and PTHPs manufactured overseas, primarily in China. DOE identified a subgroup of
three U.S. manufacturers that own production assets. These companies own tooling and
manufacturing assets in the US or in foreign countries. Together, these three manufacturers
account for approximately 80 percent of the domestic PTAC and PTHP market. Because
manufacturers with production assets will incur different costs to comply with amended energy
conservation standards compared to their competitors who do not own production assets, DOE
conducted a separate subgroup analysis to evaluate the potential impacts of amended energy
conservation standards on manufacturers with production assets. DOE reports the potential
impact of this rulemaking on the subgroup of manufacturers with production assets in section
12.5.1.
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12.2.3.2 Small Business Manufacturer Subgroup

DOE investigated whether small business manufacturers should be analyzed as a
manufacturer subgroup. DOE used the Small Business Administration (SBA) small business size
standards effective on January 1, 2012, as amended, and the North American Industry
Classification System (NAICS) code, presented in Table 12.2.1, to determine whether any small
entities would be affected by the rulemaking. For the equipment classes under review, the SBA
bases its small business definition on the total number of employees for a business, its
subsidiaries, and its parent companies. An aggregated business entity with fewer employees than
the listed limit is considered a small business.

Table 12.2.1 SBA and NAICS Classification of Small Businesses Potentially Affected by
This Rulemaking

Industry Description Revenue Limit | Employee Limit NAICS

Air-Conditioning and Warm Air
Heating Equipment and Commercial
and Industrial Refrigeration
Equipment Manufacturing

N/A 750 333415

DOE used publicly available and proprietary information to identify potential small
businesses. DOE’s research involved industry trade association membership directories, product
databases (e.g., AHRI Directory), individual company websites, and market research tools (e.g.,
Hoovers.com) to create a list of companies that manufacture or sell equipment covered by this
rulemaking. DOE also asked stakeholders and industry representatives if they were aware of any
other small manufacturers during manufacturer interviews. DOE screened out companies that did
not offer equipment covered by this rulemaking, did not meet the definition of a “small
business,” or are foreign owned and operated.

Based on this analysis DOE identified 12 small businesses that sell PTAC and PTHP
equipment affected by this rulemaking. DOE reports the potential impact of this rulemaking on
small businesses in section 12.5.2.

12.2.4 Manufacturing Capacity Impact

One significant outcome of amended energy conservation standards could be the
obsolescence of existing manufacturing assets, including tooling and investment. The
manufacturer interview guides have a series of questions to help identify impacts of amended
standards on manufacturing capacity, specifically capacity utilization and plant location
decisions in the United States, with and without amended standards; the ability of manufacturers
to upgrade or remodel existing facilities to accommodate the new requirements; the nature and
value of any stranded assets; and estimates for any one-time changes to existing plant, property,
and equipment (PPE). DOE’s estimates of the one-time capital changes and stranded assets affect
the cash flow estimates in the GRIM. These estimates can be found in section 12.3.6. DOE’s
discussion of the capacity impact can be found in section 12.6.2.
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12.2.5 Employment Impact

The impact of amended energy conservation standards on employment is an important
consideration in the rulemaking process. To assess how domestic direct employment patterns
might be affected, the interviews explored current employment trends in the PTAC and PTHP
industry. The interviews also solicited manufacturer views on changes in employment patterns
that may result from more stringent standards. The employment impacts section of the interview
guide focused on current employment levels associated with manufacturers at each production
facility, expected future employment levels with and without amended energy conservation
standards, and differences in workforce skills and issues related to the retraining of employees.
The employment impacts are reported in section 12.6.1.

12.2.6 Cumulative Regulatory Burden

DOE seeks to mitigate the overlapping effects on manufacturers due to amended energy
conservation standards and other regulatory actions affecting the same products. DOE analyzed
the impact on manufacturers of multiple, product-specific regulatory actions. Based on research
and discussions with manufacturers, DOE identified regulations that impact other products made
by manufacturers of PTACs and PTHPs. Discussion of the cumulative regulatory burden can be
found in section 12.6.3.

123 GRIM INPUTS AND ASSUMPTIONS

The Government Regulatory Impact Model (GRIM) serves as the main tool for assessing
the impacts on industry due to amended energy conservation standards. DOE relies on several
sources to obtain inputs for the GRIM. Data and assumptions from these sources are then fed
into an accounting model that calculates the industry cash flow both with and without amended
energy conservation standards.

12.3.1 Overview of the Government Regulatory Impact Model (GRIM)

The basic structure of the GRIM, illustrated in Figure 12.3.1, is an annual cash flow
analysis that uses manufacturer production costs, manufacturer selling prices, shipments, and
industry financial information as inputs, and accepts a set of regulatory conditions such as
changes in costs, investments, and associated margins. The GRIM spreadsheet uses a number of
inputs to arrive at a series of annual cash flows, beginning with the base year of the analysis,
2015, and continuing for a 30-year period that begins in the compliance year for each equipment
class. The model calculates the INPV by summing the stream of annual discounted cash flows
during this period and adding a discounted terminal value.®
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Figure 12.3.1 Using the GRIM to Calculate Cash Flow

The GRIM projects cash flows using standard accounting principles and compares
changes in INPV between the base case and the standard-case scenario induced by amended
energy conservation standards. The difference in INPV between the base case and the standard
case represents the estimated financial impact of the amended energy conservation standard on
manufacturers. Appendix 12A provides more technical details and user information for the
GRIM.

DOE presents MIA results relative to a base case that uses efficiency levels specified by
ASHRAE Standard 90.1-2013 as the baseline efficiencies for PTACs and PTHPs. Consequently,
when comparing the INPV impacts of the GRIM model, the baseline efficiency is greater than
the current federal minimum efficiency requirements.

For this TSD, DOE also repeats the INPV and cash flow calculations relative to an
alternative base case, where the baseline efficiency levels are equal to the current federal
minimums, which were set in 2008 (73 FR 58772). This alternative scenario is referred to as the
“EPCA Baseline.”

12.3.2 Sources for GRIM Inputs

The GRIM uses several different sources of data to determine industry cash flows.
Sources include corporate annual reports, company profiles, census data, credit ratings, the
shipments model, the engineering analysis, and manufacturer interviews.

12.1.1.1 2008 Final Rule for PTACs and PTHPs

The 2008 Final Rule for PTACs and PTHPs (73 FR 58772) provided many of the initial
financial inputs to the GRIM. As part of the 2008 Final Rule, DOE derived a series of financial
parameters for the industry based on a review of corporate annual reports, company profiles,
credit ratings, and manufacturer interviews. DOE used these parameters as a starting point for
analysis under the current rulemaking. Drawing on feedback obtained during manufacturer
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interviews conducted in Phase | of this rulemaking, DOE then revised its estimated financial
parameters to better reflect the current PTAC and PTHP industry. Table 12.3.1 presents the
revised financial parameters used as inputs to the GRIM. The values indicated have been
weighted to reflect manufacturers’ respective market shares.

Table 12.3.1 GRIM Financial Parameters for PTACs and PTHPs

Parameter Revised Estimate
Tax Rate (% of Taxable Income) 34%
Discount Rate 8.5%
Working Capital (% of Revenue) 7%

Net Property, Plant, and Equipment (% of Revenues) 15%
SG&A (% of Revenue) 15%

R&D (% of Revenues) 3%
Depreciation (% of Revenues) 5%
Capital Expenditures (% of Revenues) 5%

12.3.2.1  Shipment Model

The GRIM used shipment projections derived from DOE’s shipments model in the
national impact analysis (NIA). Chapter 9 of the TSD describes the methodology and analytical
model DOE used to forecast shipments.

12.3.2.2 Engineering Analysis

During the engineering analysis, DOE used a manufacturing cost model to develop
manufacturing production cost (MPC) estimates. The analysis provided the labor, materials,
overhead, and total production costs for different design options for PTACs and PTHPs. The
engineering analysis also estimated a manufacturer markup and a shipping cost to provide the
manufacturer selling price (MSP) for design options.

12.3.2.3 Manufacturer Interviews

During the course of the MIA, DOE conducted interviews with a representative cross-
section of manufacturers. During these discussions, DOE obtained information to determine and
verify GRIM input assumptions. Key topics discussed during the interviews and reflected in the
GRIM include:

. Capital conversion costs (one-time investments in PPE);

. Product conversion costs (one-time investments in research, product development,
testing, and marketing);

. Equipment cost structure;

. Industry financial parameters;

. Possible profitability impacts.

12.3.3 Trial Standard Levels (TSLS)

DOE developed a number of efficiency levels (ELs) for each equipment class. Trial
Standard Levels (TSLs) were then developed by selecting likely groupings of efficiency levels
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for all equipment classes. Each TSL includes combinations of efficiency levels for PTACs and
PTHPs of different cooling capacity.

In this rulemaking, each TSL represents a percentage increase in efficiency relative to the
current federal minimum efficiency standard. For both PTACs and PTHPs, TSLs 1, 2, 3, 4, and 5
represent respective increases of 4 percent, 8 percent, 12 percent, 16 percent, and 18 percent
above the current federal minimum efficiency standard for PTACs of a specified cooling
capacity. Whereas the current federal standard specifies different minimum efficiencies for
PTACs and PTHPs of equivalent cooling capacity, DOE has structured TSLs in the present
rulemaking to align efficiency standards for PTACs and PTHPs of the same cooling capacity.
Table 12.3.2 presents the TSLs used for energy efficiency analysis in the GRIM.

Table 12.3.2 Trial Standard Levels for Analysis of PTACs and PTHPs

Equipment goo'".‘g | TSL | TSL | TsL | TsL | TsL
Type apacity Baseline 1 5 3 4 5
(Btu/h)
<7,000 Btu/h EL1 EL2 | EL3 | EL4 | EL5 | EL®6
>7,000 Btu/h
and <15,000 EL1 EL2 | EL3 | EL4 | EL5 | EL6
PTAC Btu/h
>15,000 EL1 EL2 | EL3 | EL4 | EL5 | EL®6
Btu/h
Current
<7,000 Btu/h | Federal EL1 | EL2 | EL3 | EL4 | ELS
Minimum
>7,000 Btu/h | Current
PTHP and <15,000 Federal EL1 | EL2 | EL3 | EL4 | ELS
Btu/h Minimum
Current
>1B\rt)u9ﬁ0 Eeqleral EL1 | EL2 | EL3 | EL4 | ELS
Minimum

The PTAC baseline efficiency level varies from the current federal minimum in order to
align with efficiency standards established by the American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE). In October 2013, ASHRAE published
ANSI/ASHRAE/IES Standard 90.1-2013, which amended efficiency standards for PTACs,
increasing them to 1.8 percent above the current federal minimum. This rulemaking for PTACs
is considered an ASHRAE trigger. As such, the baseline for the PTACs analysis is the minimum
efficiency level established under the ASHRAE amendment. The baseline analyzed for PTHPs
remains the current federal minimum, as PTHP standards were not modified under the ASHRAE
amendment. Beyond baseline, as described above, each TSL represents a percentage increase in
efficiency for both PTACs and PTHPs relative to the current federal minimum.

12.3.4 NIA Shipments

The GRIM estimates manufacturer revenues based on total-unit-shipment forecasts and
12-8



the distribution of these values by efficiency level. Changes in the efficiency mix at each
standard level are a key driver of manufacturer finances. For this analysis, the GRIM applied the
NIA shipments forecasts.

As part of the shipments forecasts, DOE estimated the base-case shipment distribution by
efficiency level for each of the six PTAC and PTHP equipment classes. In the standards case, the
shipments analysis assumes a roll-up scenario, where all shipments in the base case that do not
meet the standard would instead ship at the new standard level. The key assumptions and
methodology used to forecast shipments can be found in Chapter 9 of the TSD.

12.3.5 Production Costs

Changes in production costs affect revenues and gross profits. Products that are more
efficient typically cost more to produce than baseline products (as shown in Chapter 5 of the
TSD). For the MIA, DOE used the MPCs derived in the engineering analysis.

The engineering analysis developed MPCs for representative PTAC units at each of the
three capacity categories used to define equipment classes: <7,000 Btu/h; >7,000 Btu/h and <
15,000 Btu/h; and >15,000 Btu/h. The NIA shipments estimated the number of PTAC and PTHP
units shipped at each equipment class. The GRIM, in turn, used the MPCs from the engineering
analysis and the NIA shipments to calculate shipment-weighted average MPCs for each
equipment class. Additionally, the GRIM relied on the engineering analysis to determine labor,
materials, overhead, and depreciation percentages that constitute the full MPC.

To calculate baseline MSP, DOE followed a two-step process. First, DOE derived MPCs
from the engineering and tear down analyses. Second, DOE applied a manufacturer markup,
which varies with the markup scenario (discussed in detail in section 12.3.7).

Table 12.3.3 through Table 12.3.5 show the production cost estimates used in the GRIM
for each analyzed equipment class. A flat markup of 1.27 was applied to all equipment classes.

Table 12.3.3 Manufacturer Production Cost Breakdown (2014$) for PTACs, < 7,000 Btu/h

Capacity
Materials | Labor | Depreciation | Overhead MPC | Markup | MSP
Baseline | $281.38 | $22.61 $19.62 $24.37 | $347.98 | 127 | $441.94
EL1 $282.79 | $23.35 $20.65 $24.72 | $351.52 | 1.27 | $446.44
EL 2 $285.33 | $24.04 $21.61 $25.06 | $356.03 | 1.27 | $452.16
EL 3 $290.63 | $25.21 $23.26 $25.69 | $364.80 | 1.27 | $463.29
EL 4 $297.69 | $26.13 $24.58 $26.28 | $374.68 | 127 | $475.84
EL5 $305.68 | $26.80 $25.57 $26.81 | $384.87 | 127 | $488.78
EL 6 $310.19 | $27.04 $25.94 $27.05 |$390.23| 1.27 | $495.59

12-9



Table 12.3.4 Manufacturer Production Cost Breakdown (2014$) for PTACs, > 7,000 Btu/h
and < 15,000 Btu/h Capacity

Materials | Labor | Depreciation | Overhead MPC | Markup | MSP
Baseline | $298.40 | $22.61 $19.62 $24.37 | $365.00 | 1.27 | $463.55
EL1 $300.21 | $23.35 $20.65 $24.72 | $368.94 | 1.27 | $468.55
EL 2 $302.35 | $24.04 $21.61 $25.06 | $373.05 | 1.27 | $473.78
EL 3 $307.65 | $25.21 $23.26 $25.69 | $381.82 | 1.27 | $484.91
EL 4 $314.30 | $26.13 $24.58 $26.28 | $391.30 | 1.27 | $496.94
EL5 $322.30 | $26.80 $25.57 $26.81 | $401.48 | 1.27 | $509.88
EL 6 $326.81 | $27.04 $25.94 $27.05 | $406.84 | 1.27 | $516.69

Table 12.3.5 Manufacturer Production Cost Breakdown (2014$) for PTACs, > 15,000
Btu/h Capacity

Materials | Labor | Depreciation | Overhead MPC | Markup | MSP
Baseline | $331.40 | $19.79 $20.70 $25.76 | $397.65 | 1.27 | $505.01
EL1 $332.23 | $21.30 $21.23 $26.68 | $401.43 | 1.27 | $509.82
EL 2 $334.05 | $22.72 $21.82 $27.48 | $406.07 | 1.27 | $515.71
EL 3 $340.68 | $25.30 $23.17 $28.76 | $417.91 | 1.27 | $530.75
EL 4 $351.28 | $27.54 $24.75 $29.61 | $433.18 | 1.27 | $550.14
EL5 $365.85 | $29.43 $26.58 $30.01 | $451.87 | 1.27 | $573.87
EL 6 $374.63 | $30.25 $27.58 $30.05 | $462.50 | 1.27 | $587.37

12.3.6 Conversion Costs

Amended energy conservation standards typically cause manufacturers to incur one-time
conversion costs to bring their production facilities and equipment designs into compliance with
new regulations. For the MIA, DOE classified these one-time conversion costs into two major
groups: capital conversion costs and product conversion costs. Capital conversion costs are one-
time investments in plant, property, and equipment to adapt or change existing production
facilities in order to fabricate and assemble new equipment designs that comply with amended
energy conservation standards. Product conversion costs are one-time investments in research,
development, testing, marketing and other costs to make equipment designs comply with
amended energy conservation standards. DOE based its estimates of the conversion costs for
each efficiency level on information obtained from manufacturer interviews and the design
pathways analyzed in the engineering analysis.

12.3.6.1 Capital Conversion Costs

To estimate the level of capital conversion costs manufacturers would likely incur to
comply with amended energy conservation standards, DOE relied on information obtained
through manufacturer interviews as well as the engineering analysis. Table 12.3.6 presents
estimated capital conversion costs at each TSL. The estimates are cumulative and reflect capital
conversion costs anticipated across equipment classes and manufacturers in order to achieve
compliance with each TSL analyzed.
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Table 12.3.6 Industry Cumulative Capital Conversion Costs (2014$ Millions)

TSL Capital Conve_rs_ion
Costs (2014$ Millions)

TSL1 $2.3

TSL 2 $2.9

TSL 3 $7.2

TSL 4 $7.2

TSL5 $7.5

At TSL 1, manufacturers indicated that converting PTAC equipment lines to comply with
amended standards would require minimal capital conversion costs whereas converting PTHPs
would require more substantial investment. In particular, converting PTHP lines to meet TSL 1
would require some manufacturers to implement new coil fabrication systems. This accounts for
the majority of expected capital conversion costs at TSL 1, which DOE estimates at $2.3 million
for all equipment classes.

At TSL 2, manufacturers stated they would need to implement motor and control changes
across PTAC and PTHP equipment classes. The additional investment would increase capital
conversion costs for the industry to an estimated $2.9 million.

At TSL 3, DOE expects manufacturers to require new tooling and to redesign products to
incorporate additional coils and/or formed coils. DOE estimates capital conversion costs at this
level to increase to $7.2 million.

At TSL 4, DOE does not expect capital conversion costs beyond those required at TSL 3.
Accordingly, capital conversion costs remain level at $7.2 million.

At TSL 5, the engineering analysis suggests manufacturers would have to increase the fin
density of the heat exchanger, requiring investment in new jigs to position the fins. Industry
capital conversion costs increase to $7.5 million.

12.3.6.2 Product Conversion Costs

As with capital conversion costs, DOE relied on manufacturer interviews as well as the
engineering analysis to evaluate product conversion costs. For manufacturers with production
assets, DOE estimated costs related to R&D (including design engineering, technician salaries,
and laboratory costs) as well as costs of testing, certification, etc. DOE assumed R&D costs
ranging from $50,000 to $200,000 per platform based on the complexity of the redesign
anticipated at each TSL. For all manufacturers (i.e., manufacturers with production assets as well
as manufacturers that import and distribute PTACs and PTHPs manufactured overseas) DOE
assumed a flat fee per platform required for testing and certification. DOE multiplied this fee by
the number of platforms identified for each manufacturer in order to estimate total product
conversion costs facing the industry.
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Table 12.3.7 presents industry-wide product conversion costs at each TSL. The estimates
are cumulative and reflect product conversion costs anticipated across equipment classes and
manufacturers in order to achieve compliance with each TSL analyzed.

Table 12.3.7 Industry Cumulative Product Conversion Costs (2014$ Millions)

TSL Product Convgrs_ion
Costs (2014$ Millions)

TSL1 $2.2

TSL 2 $4.8

TSL 3 $7.3

TSL 4 $8.6

TSL5 $13.7

The increase in product conversion costs, which ranges from a low of $2.2 million at TSL
1 to a high of $13.7 million at TSL 5, reflects a rise in R&D effort required to meet increasingly
stringent efficiency standards. As noted, R&D costs will fall disproportionately on manufacturers
with production assets. See section 12.5.1 for further analysis of financial impacts facing the
subgroup of manufacturers with production assets.

12.3.7 Markup Scenarios

DOE modeled multiple standards-case markup scenarios to represent uncertainty
surrounding the potential impacts of energy conservation standards on prices and profitability. In
the base case, DOE used the same markups applied in the engineering analysis. In the standards
case, DOE modeled two markup scenarios to capture a range of potential impacts on
manufacturers following implementation of amended energy conservation standards: (1) a
preservation of gross margin percentage scenario; and (2) a preservation of operating profit
scenario. These scenarios lead to different markup values, which, when applied to the inputted
MPCs, result in varying revenue and cash flow impacts.

12.3.7.1 Preservation of Gross Margin Percentage Scenario

Under the preservation of gross margin percentage scenario, DOE applied a single
uniform “gross margin percentage” markup across all efficiency levels, which assumes that
manufacturers would be able to maintain the same amount of profit as a percentage of revenues
at all efficiency levels within an equipment class. As production costs increase with efficiency,
this scenario implies that the absolute dollar markup will increase as well. Based on publicly
available financial information for manufacturers of PTACs and PTHPs as well as comments
from manufacturer interviews, DOE assumed the average markup—which includes SG&A
expenses, R&D expenses, interest, and profit—to be 1.27 for all PTAC and PTHP equipment
classes. Because this markup scenario assumes that manufacturers would be able to maintain
their gross margin percentage markups as production costs increase in response to an amended
energy conservation standard, it represents a high bound to industry profitability.
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12.3.7.2  Preservation of Operating Profit Scenario

In the preservation of per unit operating profit scenario, manufacturer markups are set so
that operating profit one year after the compliance date of the amended energy conservation
standard is the same as in the base case on a per unit basis. Under this scenario, as the costs of
production increase under a standards case, manufacturers are generally required to reduce their
markups to a level that maintains base-case operating profit per unit. The implicit assumption
behind this markup scenario is that the industry can only maintain its operating profit in absolute
dollars per unit after compliance with the new standard is required. Therefore, operating margin
in percentage terms is reduced between the base case and standards case. DOE adjusted the
manufacturer markups in the GRIM at each TSL to yield approximately the same earnings before
interest and taxes in the standards case as in the base case. This markup scenario represents a low
bound to industry profitability under an amended energy conservation standard.

124 INDUSTRY FINANCIAL IMPACTS

Using the inputs and scenarios described in the previous sections, the GRIM estimated
indicators of financial impacts on the PTAC and PTHP industry. The following sections detail
additional inputs and assumptions for the analysis of industry financial impacts. The main results
of the MIA are also reported in this section. The MIA consists of two key financial metrics:
industry net present value (INPV) and annual cash flows.

12.4.1 Introduction

The INPV measures the industry value and is used in the MIA to compare the economic
impacts of different TSLs in the standards case. The INPV is different from DOE’s NPV, which
applies to the U.S. economy. The INPV is the sum of annual net cash flows over the 30-year
analysis period discounted at the industry’s cost of capital or discount rate. The GRIM for this
rulemaking estimates cash flows beginning in the base year of the analysis, 2015, and continuing
for a 30-year period that begins in the compliance year for each equipment class.

In the MIA, DOE compares the INPV of the base case to that of each TSL in the
standards case. The difference between the base case and a standards case INPV is an estimate of
the economic impacts that implementing that particular TSL would have on the industry. In this
final rule, DOE presents MIA results relative to a base case that uses efficiency levels specified
by ASHRAE Standard 90.1-2013 as the baseline efficiencies for PTACs and PTHPs.
Consequently, when comparing the INPV impacts of the GRIM model, the baseline efficiency
for PTACs is greater than the current federal minimum efficiency requirements. However, the
baseline efficiency for PTHPs is equivalent to the current federal minimum efficiency
requirements, as ASHRAE Standard 90.1-2013 did not specify new efficiency levels for PTHPs.

In analyzing the financial impacts in this TSD, DOE also presents the INPV and cash
flow calculations relative to an alternative base case, where the baseline efficiency levels are
equal to the current federal minimums, which were set in 2008 (73 FR 58772). This alternative
scenario is referred to as the “EPCA Baseline”.
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While INPV is useful for evaluating the long-term effects of amended energy
conservation standards, short-term changes in cash flow are also important indicators of the
industry’s financial situation. For example, a large investment over one or two years could strain
the industry’s access to capital. Consequently, the sharp drop in financial performance could
cause investors to flee, even though recovery may be possible. Thus, a short-term disturbance
can have long-term effects that the INPV cannot capture. To get an idea of the behavior of
annual net cash flows, Figure 12.4.1 and Figure 12.4.2 below present the annual net cash flows
over the analysis period.

Annual cash flows are discounted to the base year, 2015. After the standards
announcement date (i.e., the publication date of the final rule), industry cash flows begin to
decline as companies use their financial resources to prepare for the amended energy
conservation standard. Cash flows between the announcement date and the compliance date are
driven by the level of conversion costs and the proportion of these investments spent every year.
The more stringent the amended energy conservation standard, the greater the impact on industry
cash flows in the years leading up to the compliance date, as product conversion costs lower cash
inflows from operations and capital conversion costs increase cash outflows for capital
expenditures.

Free cash flow in the year the amended energy conservation standards take effect is
driven by two competing factors. In addition to capital and product conversion costs, amended
energy conservation standards could create stranded assets, i.e., tooling and equipment that
would have enjoyed longer use if the energy conservation standard had not made them obsolete.
In this year, manufacturers write down the remaining book value of existing tooling and
equipment whose value is affected by the amended energy conservation standard. This one time
write down acts as a tax shield that alleviates decreases in cash flow from operations in the year
of the write-down. In this year, there is also an increase in working capital that reduces cash flow
from operations. A large increase in working capital is needed due to more costly production
components and materials, higher inventory carrying to sell more expensive products, and higher
accounts receivable for more expensive products. Depending on these two competing factors,
cash flow can either be positively or negatively affected in the year the standard takes effect.

12.4.2 PTAC and PTHP Industry Financial Impacts

Table 12.4.1 and Table 12.4.2 provide INPV estimates for PTACs and PTHPs under the
two markup scenarios analyzed. Figure 12.4.1 and Figure 12.4.2 present annual industry net cash
flows under the two markup scenarios. As described in section 12.3.7, the preservation of gross
margin percentage scenario presents an upper bound to industry profitability under amended
standards while the preservation of operating profit scenario presents a lower bound to industry
profitability. These results are based on an ASHRAE baseline and are consistent with results
presented in the final rule.

Table 12.4.1 ASHRAE Baseline: Preservation of Gross Margin Percentage Scenario
Changes in INPV for PTACs and PTHPs

Base Trial Standard Level
Case | 1 | 2 | 3 | 4 | 5

Units
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INPV 2014$M | 622 | 61.1 63.1 61.9 63.1 60.3
Change | 2014$M | - (1.1) 0.8 (0.3) 0.8 (1.9)
in INPV* | % Change | - (1.8) 1.3 (0.5) 14 (3.1)

* Parentheses indicate negative values.

Table 12.4.2 ASHRAE Baseline: Preservation of Operating Profit Scenario Changes in
INPV for PTACs and PTHPs

Units Base Trial Standard Level
Case 1 2 3 4 5
INPV 2014$M 62.2 60.7 61.8 59.3 58.9 55.6
Change 2014$M - (1.5) (0.5) (3.0) (3.4) (6.7)
in INPV* | % Change - (2.4) (0.8) (4.8) (5.4) (10.7)

* Parentheses indicate negative values.

At TSL 1, DOE estimates impacts on INPV to range from -$1.5 million to -$1.1 million,
or a change of -2.4 percent to -1.8 percent. At TSL 2, DOE estimates impacts on INPV to range
from -$0.5 million to $0.8 million, or a change in INPV of -0.8 percent to 1.3 percent. At TSL 3,
DOE estimates impacts on INPV to range from -$3.0 million to -$0.3 million, or a change in
INPV of -4.8 percent to -0.5 percent. At TSL 4, DOE estimates impacts on INPV to range from -
$3.4 million to $0.8 million, or a change in INPV of -5.4 percent to 1.4 percent. At TSL 5, DOE
estimates impacts on INPV to range from -$6.7 million to -$1.9 million, or a change in INPV of -
10.7 percent to -3.1 percent. See section 12.7 below for a more detailed discussion of results.

Figure 12.4.1 ASHRAE Baseline: Annual Industry Net Cash Flows under Preservation of
Gross Margin Percentage Markup Scenario (in 2014$M)
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Figure 12.4.2 ASHRAE Baseline: Annual Industry Net Cash Flows under Preservation of
Operating Profit Markup Scenario (in 2014$M)
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The following tables present alternative results based on the EPCA Baseline. Table
12.4.3 and Table 12.4.4 present the INPV estimates for the two markup scenarios relative to the
EPCA Baseline. Figure 12.4.3 and Figure 12.4.4 present the net annual cash flows for the two
markup scenarios under the alternative baseline.

Table 12.4.3 EPCA Baseline: Preservation of Gross Margin Percentage Scenario Changes
in INPV for PTACs and PTHPs

Units Base Trial Standard Level
Case 1 2 3 4 5
INPV 20143M 62.1 60.7 62.5 61.3 62.4 59.5
Change 2014$M - (1.4) 0.4 (0.8) 0.3 (2.6)
in INPV* | % Change - (2.3) 0.7 (1.3) 0.5% (4.2)

* Parentheses indicate negative values.

Table 12.4.4 EPCA Baseline: Preservation of Operating Profit Scenario Changes in INPV
for PTACs and PTHPs

Units Base Trial Standard Level
Case 1 2 3 4 5
INPV 2014$M 62.1 60.3 61.2 58.6 58.2 54.7
Change 20143M - (1.8) 0.9 (3.5) (3.9) (7.4)
in INPV* | % Change - (2.9) 1.4 (5.6) (6.3) (11.9)
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* Parentheses indicate negative values.

In the EPCA baseline analysis, DOE estimated an additional set of product conversion
costs intended to capture the cost to manufacturers of bringing PTAC equipment into compliance
with ASHRAE Standard 90.1-2013. Based on feedback received from manufacturers during
interviews, DOE does not expect manufacturers to undertake capital investments in order to
comply with efficiency levels established by ASHRAE and therefore did not account for
additional capital conversion costs. DOE estimated total industry product conversion costs of
$0.48 million to meet amended ASHRAE standards for PTACs. DOE incorporated these costs
into its cash flow model as one-time product conversion costs incurred in 2015, the year the
ASHRAE standard takes effect.

Figure 12.4.3 EPCA Baseline: Annual Industry Net Cash Flows under Preservation of
Gross Margin Percentage Markup Scenario (in 20143M)
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Figure 12.4.4 EPCA Baseline: Annual Industry Net Cash Flows under Preservation of
Operating Profit Markup Scenario (in 2014$M)
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125 IMPACTS ON SUBGROUPS OF MANUFACTURERS

As discussed above, using average cost assumptions to develop an industry cash flow
estimate is not adequate for assessing differential impacts among subgroups of manufacturers.
Small manufacturers, niche players, or manufacturers exhibiting a cost structure that differs
largely from the industry average could be affected differently. DOE used the results of the
industry characterization to group manufacturers exhibiting similar characteristics. Specifically,
DOE identified two subgroups of manufacturers for separate impact analyses: (1) manufacturers
with production assets; and (2) small business manufacturers.

12.5.1 Impacts on Manufacturers with Production Assets

As discussed above, DOE initially identified 22 companies that sell PTAC and PTHP
equipment. Most U.S. companies, however, do not own production assets; rather, they import
and distribute PTACs and PTHPs manufactured overseas, primarily in China. DOE identified a
subgroup of three U.S.-headquartered manufacturers that own production assets. These
companies own tooling and manufacturing assets in the U.S. or in foreign countries. Together,
these three manufacturers account for approximately 80 percent of the domestic PTAC and
PTHP market. Because manufacturers with production assets will incur different costs to comply
with an amended energy conservation standard compared to their competitors who do not own
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production assets, DOE conducted a separate analysis to evaluate the impact of an amended
energy conservation standard on the subgroup of manufacturers with production assets.

As with the overall industry analysis, DOE modeled two different markup scenarios to
evaluate the range of cash flow impacts on manufacturers with production assets: (1) the
preservation of gross margin percentage markup scenario; and (2) the preservation of operating
profit markup scenario. See section 12.3.7 for a complete description of markup scenarios.

Each of the modeled scenarios results in a unique set of cash flows and corresponding
INPV values at each TSL. In the following discussion, the INPV results refer to the difference in
value of manufacturers with production assets between the base case and each TSL in the
standards case. As with the overall industry analysis, the INPV for manufacturers with
production assets is calculated as the sum of annual net cash flows over the 30-year analysis
period, discounted at the industry’s cost of capital.

To provide perspective on the short-run cash flow impact, DOE includes in the discussion
of results a comparison of free cash flow between the base case and the standards case at each
TSL in the year before amended standards would take effect. This figure provides an
understanding of the magnitude of required conversion costs relative to the cash flow generated
by manufacturers with production assets in the base case.

Table 12.5.1 and Table 12.5.2 present a range of results reflecting both the preservation of
gross margin percentage markup scenario and the preservation of operating profit markup
scenario. As discussed in section 12.3.7, the preservation of operating profit scenario accounts
for the more severe impacts presented.

Table 12.5.1 Manufacturer Impact Analysis Results for the Subgroup of PTAC and PTHP
Manufacturers with Production Assets, Gross Margin Percentage Markup

Scenario
. Trial Standard Level*
Units Base Case 1 5 3 4 5
INPV 2014$M 49.8 48.7 | 49.9 48.1 48.9 46.0
2014$M - (1.1) 0.1 (1.7) (0.9) (3.8)
Change in INPV
% Change - (2.1) 0.3 (3.4) (1.8) (7.5)
Product Conversion 2014$M i 14 | 40 | 65 | 78 | 128
Costs
Capital Conversion Costs | 2014$M - 2.3 2.9 7.2 7.2 7.5
Total Conversion Costs 2014$M - 3.7 6.9 13.7 15.0 20.4
2014$M 3.1 1.7 0.8 (1.9) (2.3) (4.0)
Free Cash Flow**
W % Change - (43.7) | (74.7) | (160.1) | (173.8) | (228.3)

* Parentheses indicate negative values.
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Table 12.5.2 Manufacturer Impact Analysis Results for the Subgroup of PTAC and PTHP
Manufacturers with Production Assets, Preservation of Operating Profit
Markup Scenario

. Trial Standard Level*
Units Base Case 1 5 3 4 5
INPV 2014$M 49.8 485 | 48.9 46.0 455 42.3
2014$M - (1.3) | (0.9 (3.8) (4.3) (7.5)
Change in INPV
% Change - 2.7) | (1.8) (7.7) (8.6) (15.1)
Product Conversion 2014$M i 14 40 6.5 78 128
Costs
Capital Conversion Costs | 2014$M - 2.3 2.9 7.2 7.2 7.5
Total Conversion Costs 2014$M - 3.7 6.9 13.7 15.0 20.4
2014$M 3.1 1.7 0.7 (1.9) (2.4) 4.1)
Free Cash Flow**
W % Change - (44.2) | (76.0) | (162.6) | (177.7) | (232.6)

* Parentheses indicate negative values.

In the standards case, manufacturers with production assets would likely experience
financial impacts more negative than those facing the industry as a whole (see section 12.4 for
industry-wide financial impacts). These differential impacts derive primarily from the conversion
costs manufacturers with production assets would incur in order to comply with an amended
standard. In particular, manufacturers with production assets would face capital conversion costs
not shared by their competitors who import and distribute PTACs and PTHPs and do not require
tooling investments. In interviews, manufacturers with production assets indicated that higher
standards could require significant investment in new tooling to support new coil designs. In
addition, manufacturers with production assets would face product conversion costs in the form
of design engineering, product development, testing, certification, marketing, and related costs.
See section 12.3.6 for further discussion of conversion costs. However, since this rule maintains
the standard at baseline (i.e., ASHRAE), DOE’s modeling does not show any negative financial
impacts on industry, including manufacturers with production assets, as a direct result of the
standard.

12.5.2 Impacts on Small Business Manufacturers

DOE conducted a more focused inquiry of the companies that could be small business
manufacturers of products covered by this rulemaking. For “Air-Conditioning and Warm Air
Heating Equipment and Commercial and Industrial Refrigeration Equipment Manufacturing,”
the Small Business Administration (SBA) has set a size threshold of 750 employees or less for an
entity to be considered a small business for this category. During its market survey, DOE used all
available public information to identify potential small manufacturers. DOE’s research involved
industry trade association membership directories (e.g., AHRI), product databases, individual
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company websites, and market research tools (e.g., Hoovers.com) to create a comprehensive list
of companies that manufacture or sell products covered by this rulemaking. DOE also asked
stakeholders and industry representatives if they were aware of any other small manufacturers
during manufacturer interviews and at previous DOE public meetings. DOE reviewed publicly
available data and contacted companies on its list, as necessary, to determine whether they met
the SBA’s definition of a small business manufacturer of covered PTAC and PTHP products.
DOE screened out companies that did not offer products affected by this rulemaking, did not
meet the definition of a “small business,” or are foreign owned and operated.

DOE identified 22 companies that sell PTAC and PTHP equipment that would be
affected by today’s proposal. Of these 22 companies, DOE identified 12 as small businesses.
DOE contacted the identified small businesses to invite them to take part in a manufacturer
impact analysis interview. Of the 12 small businesses contacted, DOE was able to reach and
discuss potential standards with two. DOE also obtained information about small businesses and
potential impacts on small businesses while interviewing large manufacturers.

Within the PTAC and PTHP industry, no small business identified is an original equipment
manufacturer of standard-size equipment affected by this rulemaking. Rather, small businesses
tend to import, rebrand, and distribute PTACs and PTHPs manufactured overseas, primarily in
China. Some small businesses identified are original equipment manufacturers of non-standard
size PTACs and PTHPs; however, non-standard equipment is not impacted by this rulemaking
and therefore is not considered in this small business subgroup analysis.

Because small businesses import and distribute, rather than directly manufacture, covered
equipment, they would not be expected to incur capital conversion costs in order to comply with
amended energy conservation standards nor would they be expected to incur product conversion
costs related to engineering and redesign of equipment. Small businesses could potentially incur
product conversion costs related to testing and certification of products that undergo redesign by
original equipment manufacturers in order to comply with amended standards.

However, in this final rule, DOE is adopting amended energy conservation standards for
PTACs equivalent to those set forth in ASHRAE Standard 90.1-2013. In line with ASHRAE
Standard 90.1-2013, DOE is not amending energy conservation standards for PTHPs. DOE is
required to adopt minimum efficiency standards either equivalent to or more stringent than those
set forth by ASHRAE. Therefore, at the proposed level, no regulatory alternatives are available.
Since this rule adopts the ASHRAE baseline as the standards level, DOE’s modeling does not
show any negative financial impacts on industry, including small manufacturers, as a direct
result of the standard.

DOE provides additional analysis in section V1.B of the final rule, Review under the
Regulatory Flexibility Act.
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126 OTHER IMPACTS
12.6.1 Employment

12.6.1.1 Methodology

To quantitatively assess the impacts of energy conservation standards on employment,
DOE used the GRIM to estimate the domestic labor expenditures and number of employees in
the base case and at each TSL from 2015 through the end of the analysis period. DOE used
statistical data from the U.S. Census Bureau’s 2011 Annual Survey of Manufacturers (ASM), the
results of the engineering analysis, and interviews with manufacturers to determine the inputs
necessary to calculate industry-wide labor expenditures and domestic employment levels. Labor
expenditures related to manufacturing of the equipment are a function of the labor intensity of
the product, the sales volume, and an assumption that wages remain fixed in real terms over
time. The total labor expenditures in each year are calculated by multiplying the MPCs by the
labor percentage of MPCs.

The total labor expenditures in the GRIM were then converted to domestic production
employment levels by dividing production labor expenditures by the annual payment per
production worker (production worker hours times the labor rate found in the U.S. Census
Bureau’s 2011 ASM). The production worker estimates in this section cover workers up to the
line-supervisor level who are directly involved in fabricating and assembling equipment within
the original equipment manufacturer facility. Workers performing services that are closely
associated with production operations, such as materials handling tasks using forklifts, are also
included as production labor. DOE’s estimates only account for production workers who
manufacture the specific products covered by this rulemaking.

To estimate an upper bound to employment change, DOE assumes all domestic
manufacturers would choose to continue producing products in the U.S. and would not move
production to foreign countries. To estimate a lower bound to employment, DOE estimates the
maximum portion of the industry that would choose to leave the industry or relocate production
overseas rather than make the necessary conversions at domestic production facilities.

12.6.1.2 Direct Employment Impacts

DOE estimates that 50 percent of standard-size PTAC and PTHP units are manufactured
domestically. In the absence of amended energy conservation standards, DOE estimates that the
PTAC and PTHP industry would employ 175 domestic production workers in 2019.

Table 12.6.1 shows the range of impacts of potential amended energy conservation
standards on U.S. production workers of PTACs and PTHPs. The potential changes to direct
employment presented suggest that the PTAC and PTHP industry could experience anything
from a slight gain in domestic direct employment to a loss of all domestic direct employment.
Since this rule maintains the standard at baseline (i.e., ASHRAE), DOE does not expect any loss
in domestic direct employment.
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Table 12.6.1 Potential Changes in the Total Number of Production Workers in the PTAC

and PTHP Industry in 2019

Trial Standard Level
Base
Case™™* 1 2 3 4 5
Potential Changes (175) (175) (175) (175) (175)
in Domestic i to to to to to
Production
Workers in 2019* 4 10 17 22 24

* Parentheses indicate negative values.

**Base Case assumes 175 domestic production workers in the PTAC and PTHP industry in 2019.

The upper end of the range estimates the maximum increase in the number of domestic
production workers in the PTAC and PTHP industry after implementation of an amended energy
conservation standard. It assumes manufacturers would continue to produce the same scope of
covered products within the United States and would require some additional labor to produce
more efficient products.

The lower end of the range represents the maximum decrease in total number of U.S.
production workers that could result from an amended energy conservation standard. During
interviews, manufacturers stated their concerns about increasing offshore competition entering
the market. If the cost of complying with amended standards significantly erodes the profitability
of domestic manufacturers relative to their competitors who manufacture and/or import PTACs
and PTHPs from overseas, manufacturers with domestic production could decide to exit the
PTAC and PTHP market and/or shift their production facilities offshore. The lower bound of
direct employment impacts therefore assumes domestic production of PTACs and PTHPs ceases,
as domestic manufacturers either exit the market or shift production overseas in search of
reduced manufacturing costs.

The direct employment impacts discussed here do not include indirect employment
impacts on the broader U.S. economy, which are documented in Chapter 16 of the TSD.

12.6.2 Production Capacity

According to PTAC and PTHP manufacturers interviewed, amended energy conservation
standards would not significantly constrain manufacturing production capacity. Among
manufacturers with production assets, some indicated that higher energy conservation standards
could reduce sales volumes, thereby resulting in excess capacity. Among importers and
distributors, amended energy conservation standards would not likely impact production
capacity. Since this rule maintains the standard at baseline (i.e., ASHRAE), DOE does not expect
any change in production capacity.
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12.6.3 Cumulative Regulatory Burden

While any one regulation may not impose a significant burden on manufacturers, the
combined effects of several impending regulations may have serious consequences for some
manufacturers, groups of manufacturers, or an entire industry. Assessing the impact of a single
regulation may overlook this cumulative regulatory burden. Multiple regulations affecting the
same manufacturer can strain profits and can lead companies to abandon equipment lines or
markets with lower expected future returns than competing products. For these reasons, DOE
conducts an analysis of cumulative regulatory burden as part of its rulemakings pertaining to
equipment efficiency.

Companies that produce a wide range of regulated products may be faced with more
capital and product development expenditures than competitors with a narrower scope of
products. Regulatory burdens can prompt companies to exit the market or reduce their equipment
offerings, potentially reducing competition. Smaller companies in particular can be affected by
regulatory costs since these companies have lower sales volumes over which they can amortize
the costs of meeting new regulations. A proposed standard is not economically justified if it
contributes to an unacceptable level of cumulative regulatory burden.

For the cumulative regulatory burden analysis, DOE looks at other regulations that could
affect PTAC and PTHP manufacturers that will take effect approximately three years before or
after the 2017 compliance date of this final rule. In interviews, manufacturers cited federal
regulations on equipment other than PTACs and PTHPs that contribute to their cumulative
regulatory burden. The compliance years and expected industry conversion costs of relevant
amended energy conservation standards are presented in Table 12.6.2.
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Table 12.6.2 Compliance Dates and Expected Conversion Expenses of Federal Energy
Conservation Standards Affecting PTAC and PTHP Manufacturers

Federal Energy Conservation Approximate Estimated Tota_l
. Industry Conversion
Standards Compliance Date E
Xpense
2011 Room Air Conditioners
76 FR 22454 (April 21, 2011); 2014 $171M (2009%)
76 FR 52854 (August 24, 2011)
2007 Residential Furnaces & Boilers -
72 FR 65136 (Nov. 19, 2007) 2015 $88M (2006%)
2011 Residential Furnaces
76 FR 37408 (June 27, 2011); 2015 $2.5M (2009%)**
76 FR 67037 (Oct. 31, 2011)
2011 Residential Central Air
Conditioners and Heat Pumps o
76 FR 37408 (June 27, 2011); 2015 $26.0M (20099)
76 FR 67037 (Oct. 31, 2011)
2010 Gas Fired and Electric Storage
Water Heaters 2015 $95.4M (20099%)
75 FR 20112 (April 16, 2010)
Dishwashers*** 2018 TBD
Commercial Packaged Air-
Conditioning and Heating 2018 $226.4M
Equipment*** (20139%)
79 FR 58948 (September 30, 2014)
Commercial Warm-Air Furnaces*** 2018 $19.9M
(2013%)
Furnace Fans
79 FR 38129 (July 3, 2014) 2019 $40.6M (20139)
Miscellaneous Residential
Refrigeration*** 2019 TBD
Single Packaged Vertical Units*** 2019 $16.1M
79 FR 78614 (December 30, 2014) (20139%)
Commercial Water Heaters*** 2019 TBD
Commercial Packaged Boilers*** 2020 TBD

* Conversion expenses for manufacturers of oil-fired furnaces and gas-fired and oil-fired boilers associated with the November 2007 final rule for
residential furnaces and boilers are excluded from this figure. The 2011 direct final rule for residential furnaces sets a higher standard and earlier
compliance date for oil-fired furnaces than the 2007 final rule. As a result, manufacturers will be required design to the 2011 direct final rule
standard. The conversion costs associated with the 2011 direct final rule are listed separately in this table. EISA 2007 legislated higher standards
and earlier compliance dates for residential boilers than were in the November 2007 final rule. As a result, gas-fired and oil-fired boiler
manufacturers were required to design to the EISA 2007 standard beginning in 2012. The conversion costs listed for residential gas-fired and oil-

fired boilers in the November 2007 residential furnaces and boilers final rule analysis are not included in this figure.

**Estimated industry conversion expense and approximate compliance date reflect a court-ordered April 24, 2014 remand of the residential non-

weatherized and mobile home gas furnaces standards set in the 2011 Energy Conservation Standards for Residential Furnaces and Residential
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Central Air Conditioners and Heat Pumps. The costs associated with this rule reflect implementation of the amended standards for the remaining

furnace product classes (i.e., oil-fired furnaces).

***The final rule for this energy conservation standard has not been published. The compliance date and analysis of conversion costs have not

been finalized at this time. (If a value is provided for total industry conversion expense, this value represents an estimate from the NOPR.)

Additionally, manufacturers cited increasing ENERGY STAR standards for room air
conditioners and ductless heating and cooling systems as a source of regulatory burden.
However, DOE does not consider ENERGY STAR in its presentation of cumulative regulatory
burden because ENERGY STAR is a voluntary program and is not federally mandated. DOE
also notes that it does not consider proposed legislation in its cumulative regulatory burden
analysis because the impacts of such legislation would be speculative.

Manufacturers also cited the U.S. EPA Significant New Alternatives Policy (SNAP)
Program as a source of regulatory burden. The SNAP Program evaluates and regulates
substitutes for ozone-depleting chemicals (such as air conditioning refrigerants) that are being
phased out under the stratospheric ozone protection provisions of the Clean Air Act. On July 9,
2014, the EPA issued a notice of proposed rulemaking proposing to list three flammable
refrigerants (HFC-32 (R-32), Propane (R-290), and R-441A) as new acceptable substitutes,
subject to use conditions, for refrigerant in the Household and Light Commercial Air
Conditioning class of equipment. 79 FR 38811 (July 9, 2014). On February 27, 2015, the EPA
finalized its proposed rule, and the final rule allows the use of R-32, R-290, and R-441A in
limited amounts in PTAC and PTHP applications.? DOE notes that the EPA has not proposed
delisting R-410A for use in new production in the Household and Light Commercial Air
Conditioning class of equipment (which includes PTAC and PTHP equipment). DOE also notes
that the use of alternate refrigerants by manufacturers of PTACs and PTHPs would not be
required as a direct result of this rule. Furthermore, there is no requirement (nor any proposal to
adopt requirements) mandating the use of alternate refrigerants at this time. Hence, alternate
refrigerants were not considered in this analysis.

12.7 CONCLUSION

The following section summarizes the range of financial impacts DOE believes PTAC
and PTHP manufacturers are likely to experience as a result of amended energy conservation
standards. DOE also notes that while these scenarios bound the range of most plausible impacts
on manufacturers, there potentially could be circumstances that cause manufacturers to
experience impacts outside this range.

Each TSL analyzed in this rulemaking represents a percentage increase in efficiency
above current federal minimum efficiency standards. Specifically, TSLs 1, 2, 3, 4, and 5
represent respective increases of 4 percent, 8 percent, 12 percent, 16 percent, and 18 percent

% The pre-publication version of the final rule is available from the EPA at:
www.epa.gov/ozone/snap/download/SAN 5745-SNAP_Low GWP_Refrigerants FRM_Signature Version-signed-

2-27-2015.pdf

12-26


http://www.epa.gov/ozone/snap/download/SAN_5745-SNAP_Low_GWP_Refrigerants_FRM_Signature_Version-signed-2-27-2015.pdf
http://www.epa.gov/ozone/snap/download/SAN_5745-SNAP_Low_GWP_Refrigerants_FRM_Signature_Version-signed-2-27-2015.pdf

above the current federal minimum efficiency standard for PTACs of a specified cooling
capacity. See section 12.3.3 for further discussion of the TSLs.

12.7.1 Conclusions for PTACs and PTHPs MIA

Table 12.7.1 presents a range of results reflecting both the preservation of gross margin

percentage markup scenario and the preservation of operating profit markup scenario. As

explained in section 12.3.7, the preservation of operating profit scenario accounts for the more
severe impacts presented. Estimated conversion costs do not vary with the markup scenario.

Table 12.7.1 Manufacturer Impact Analysis Results for PTACs and PTHPs, Gross

Margin Percentage Markup Scenario*

Trial Standard Level*

units Base Case 1 5 3 4 5

INPV 2014$M 62.2 61.1 | 63.1 61.9 63.1 60.3

2014$M - (1.1) 0.8 (0.3) 0.8 (1.9)
Change in INPV

% Change - (1.8) 1.3 (0.5) 1.4 (3.1)
Product Conversion 2014$M i 29 48 73 86 13.7
Costs
Capital Conversion Costs | 2014$M - 2.3 2.9 7.2 7.2 7.5
Total Conversion Costs 2014$M - 45 7.7 14.5 15.8 21.2

2014$M 3.9 2.3 1.4 (1.3) (1.7) (3.4)
Free Cash Flow % Change i (40.6) | (64.9) | (133.2) | (144.5) | (188.5)

* Parentheses indicate negative values.
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Table 12.7.2 Manufacturer Impact Analysis Results for PTACs and PTHPs, Preservation
of Operating Profit Markup Scenario*

. Trial Standard Level*
Units Base Case 1 > 3 4 5

INPV 2014$M 62.2 60.7 61.8 59.3 58.9 55.6

2014$M - (1.5) | (0.5 | (3.0) (3.4) (6.7)
Change in INPV

% Change - (2.4) | (0.8) | (4.8) (5.4) | (10.7)
Product Conversion 2014$M i 22 | 48 | 73 | 86 | 137
Costs
Capital Conversion Costs | 2014$M - 2.3 2.9 7.2 7.2 7.5
Total Conversion Costs 2014$M - 4.5 7.7 145 15.8 21.2

2014$M 3.9 23 | 13 | 14 | 19 | (36)
Free Cash Flow % Change i (41.1) | (66.2) | (135.6) | (148.3) | (192.8)

* Parentheses indicate negative values.

TSL 1 represents a 4 percent increase above current federal minimum efficiency
standards for PTACs. At TSL 1, DOE estimates the impacts on INPV to range from -$1.5
million to -$1.1 million, or a change of -2.4 percent to -1.8 percent. Industry free cash flow is
estimated to decrease by as much as $1.6 million, in the preservation of operating profit markup
scenario, or a change of 41.1 percent compared to the base-case value of $3.9 million in the year
before the compliance date (2018). At TSL 1, DOE estimates industry conversion costs of $4.5
million.

TSL 2 represents an 8 percent increase above current federal minimum efficiency
standards for PTACs. At TSL 2, DOE estimates impacts on INPV to range from -$0.5 million to
$0.8 million, or a change in INPV of -0.8 percent to 1.3 percent. At this level, industry free cash
flow is estimated to decrease by as much as $2.6 million, in the preservation of operating profit
markup scenario, or a change of 66.2 percent compared to the base-case value of $3.9 million in
the year before the compliance date (2018). DOE expects conversion costs at this level to
increase to $7.7 million, reflecting the need for additional motor and control changes as well as a
more significant R&D and testing burden. The INPV impacts at TSL 2 are slightly less severe
than those at TSL 1 due to the interplay of conversion costs, manufacturer selling prices, and
shipments. Specifically, the anticipated increase in per-unit purchase price at this level combined
with steady shipments is expected to dampen the effects of conversion costs on INPV.

TSL 3 represents a 12 percent increase above current federal minimum efficiency
standards for PTACs. At TSL 3, DOE estimates impacts on INPV to range from -$3.0 million to
-$0.3 million, or a change in INPV of -4.8 percent to -0.5 percent. At this level, industry free
cash flow is estimated to decrease by as much as $5.2 million, in the preservation of operating
profit markup scenario, or a change of 135.6 percent compared to the base-case value of $3.9
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million in the year before the compliance date (2018). DOE estimates conversion costs at TSL 3
would increase to $14.5 million, nearly double the expected conversion costs at TSL 2.
Anticipated conversion costs at this level include investing in new tooling and redesigning
equipment to incorporate additional coils and/or formed coils.

TSL 4 represents a 16 percent increase above current federal minimum efficiency
standards for PTACs. At TSL 4, DOE estimates impacts on INPV to range from -$3.4 million to
$0.8 million, or a change in INPV of -5.4 percent to 1.4 percent. At this level, industry free cash
flow is estimated to decrease by as much as $5.7 million, in the preservation of operating profit
markup scenario, or a change of 148.3 percent compared to the base-case value of $3.9 million in
the year before the compliance date (2018). DOE estimates conversion costs at TSL 4 would
increase to $15.8 million. At this level, however, DOE does not anticipate capital conversion
costs beyond those required at TSL 3. Rather, product conversion costs account for the full
increase. Similar to TSL 2, the INPV impacts at TSL 4 are slightly less severe than those at TSL
3 due to the interplay of conversion costs, manufacturer selling prices, and shipments. The
anticipated increase in per-unit purchase price at this level combined with steady shipments is
expected to dampen the effects of conversion costs on INPV.

TSL 5 represents the use of max-tech design options for each equipment class. At this
level, DOE estimates impacts on INPV to range from -$6.7 million to -$1.9 million, or a change
in INPV of -10.7 percent to -3.1 percent. Industry free cash flow is estimated to decrease by as
much as $7.5 million, in the preservation of operating profit markup scenario, or a change of
192.8 percent compared to the base-case value of $3.9 million in the year before the compliance
date (2018). At this level, DOE estimates conversion costs would increase to $21.2 million.
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CHAPTER 13. EMISSIONS IMPACT ANALYSIS

13.1 INTRODUCTION

The emissions analysis consists of two components. The first component estimates the
effect of potential energy conservation standards on power sector and site combustion emissions
of carbon dioxide (COy), nitrogen oxides (NOx), sulfur dioxide (SO,) and mercury (Hg). The
second component estimates the impacts of a potential standard on emissions of two additional
greenhouse gases, methane (CH,) and nitrous oxide (N,O), as well as the reductions to emissions
of all species due to “upstream” activities in the fuel production chain. These upstream activities
comprise extraction, processing, and transporting fuels to the site of combustion. The associated
emissions are referred to as upstream emissions. Together, these emissions account for the full-
fuel-cycle (FFC), in accordance with DOE’s FFC Statement of Policy. 76 FR 51282 (Aug. 18,
2011).

The analysis of power sector emissions uses marginal emissions intensity factors
calculated by DOE. As of 2014, DOE is using a new methodology based on results published for
the Annual Energy Outlook 2014 (AEO 2014) reference case and a set of side cases that
implement a variety of efficiency-related policies.l The new methodology is described in chapter
15 and in the report “Utility Sector Impacts of Reduced Electricity Demand” (Coughlin, 2014).2
Site emissions of CO, and NOx are estimated using emissions intensity factors from a
publication of the Environmental Protection Agency (EPA).3

Combustion emissions of CH, and N,O are estimated using emissions intensity factors
published by the EPA, GHG Emissions Factors Hub.? The FFC upstream emissions are
estimated based on the methodology developed by Coughlin (2013).4 The upstream emissions
include both emissions from fuel combustion during extraction, processing and transportation of
fuel, and “fugitive” emissions (direct leakage to the atmosphere) of CH4 and CO,.

The emissions intensity factors are expressed in terms of physical units per MWh or
MMBLtu of site energy savings. Total emissions reductions are estimated using the energy
savings calculated in the national impact analysis (chapter 10).

13.2 AIR QUALITY REGULATIONS AND EMISSIONS IMPACTS

Each annual version of the AEO incorporates the projected impacts of existing air quality
regulations on emissions. AEO 2014 generally represents current Federal and State legislation
and final implementation regulations in place as of the end of October 2013.

SO, emissions from affected electric generating units (EGUS) are subject to nationwide and
regional emissions cap and trading programs. Title IV of the Clean Air Act sets an annual

2 www.epa.gov/climateleadership/documents/resources/mfgrfg.pdf
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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), which created an allowance-based trading program that that operates
along with the Title IV program in those States and D.C. 70 FR 25162 (May 12, 2005). CAIR
was remanded to EPA by the U.S. Court of Appeals for the District of Columbia Circuit (D.C.
Circuit) but parts of it remained in effect. On July 6, 2011 EPA issued a replacement for CAIR,
the Cross-State Air Pollution Rule (CSAPR). 76 FR 48208 (August 8, 2011). On August 21,
2012, the D.C. Circuit issued a decision to vacate CSAPR. See EME Homer City Generation, LP
v. EPA, 696 F.3d 7, 38 (D.C. Cir. 2012). The court ordered EPA to continue administering
CAIR. On April 29, 2014, the U.S. Supreme Court reversed the judgment of the D.C. Circuit and
remanded the case for further proceedings consistent with the Supreme Court's opinion.” On
October 23, 2014, the D.C. Circuit lifted the stay of CSAPR. ¢ Pursuant to this action, CSAPR
went into effect (and CAIR ceased to be in effect) as of January 1, 2015.

Because AEO 2014 was prepared prior to the Supreme Court's opinion, it assumed that
CAIR remains a binding regulation through 2040. Thus, DOE’s analysis used emissions factors
that assume that CAIR, not CSAPR, is the regulation in force. However, the difference between
CAIR and CSAPR is not relevant for the purpose of DOE's analysis of emissions impacts from
energy conservation standards.

The attainment of emissions caps is typically flexible among affected Electric Generating
Units (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 reducti