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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 notice of proposed rulemaking
(NOPR) for residential dehumidifiers. This NOPR TSD reports on the NOPR analyses conducted
in support of the NOPR.

1.2 OVERVIEW OF STANDARDS FOR RESIDENTIAL DEHUMIDIFIERS

The Energy Policy and Conservation Act (EPCA) of 1975, Pub. L. 94-163 (42 United
States Code (U.S.C.) 6291-6309), established an energy conservation program for major
household appliances. The National Energy Conservation Policy Act of 1978 (NECPA), Pub. L.
95-619, amended EPCA to add Part C* of Title III (42 U.S.C. 6311-6317), which established an
energy conservation program for certain industrial equipment. Additional amendments to EPCA
give U.S. Department of Energy (DOE) the authority to regulate the energy efficiency of several
products, including residential dehumidifiers—the products that are the focus of this document.
The amendments to EPCA in the Energy Policy Act of 2005 (EPACT 2005) (P.L. 109-58),
established energy conservation standards for residential dehumidifiers® manufactured as of
October 1, 2007. (Section 135(c)(4)) EPACT 2005 also required that DOE issue a final rule by
October 1, 2009, to determine whether these standards should be amended. (/d.) Compliance
with any amended standards would be required for dehumidifiers manufactured as of October 1,
2012. (/d.) In the event that DOE did not publish a final rule, EPACT 2005 specified a new set of
amended standards with a compliance date of October 1, 2012. (/d.)

DOE issued an advance notice of proposed rulemaking (ANOPR) to consider energy
conservation standards for dehumidifiers and other products. 72 FR 64432 (Nov. 15, 2007). The
Energy Independence and Security Act of 2007 (EISA 2007), Pub. L 110-140 subsequently
amended EPCA to prescribe new energy conservation standards for dehumidifiers manufactured
on or after October 1, 2012. DOE codified the EISA 2007 standards at 10 Code of Federal
Regulations (CFR) 430.32(v)(2). 74 FR 12058 (Mar. 23, 2009).

EPCA also requires that, not later than 6 years after the issuance of a final rule
establishing or amending a standard, DOE publish a NOPR proposing new standards or a notice
of determination that the existing standards do not need to be amended. (42 U.S.C. 6295(m)(1))

? Part C has been redesignated Part A-1 in the United States Code for editorial reasons.

® Dehumidifiers are defined as self-contained, electrically operated, and mechanically encased assemblies consisting
of: (1) a refrigerated surface (evaporator) that condenses moisture from the atmosphere; (2) a refrigerating system,
including an electric motor; (3) an air-circulating fan; and (4) a means for collecting or disposing of the condensate.
(42 U.S.C. 6291(34))
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1.3 PROCESS FOR SETTING ENERGY CONSERVATION STANDARDS

Under EPCA, when DOE is studying new or amended standards, it must consider, to the
greatest extent practicable, the following seven factors (42 U.S.C. 6295 (0)(2)(B)(1)):

1) the economic impact of the standard on the manufacturers and consumers of the affected
products;

2) the savings in operating costs throughout the estimated average life of the product
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 products likely to result from the
imposition of the standard,

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

6) the need for national energy conservation; and
7) other factors the Secretary considers relevant.

Other statutory requirements are set forth in 42 U.S.C. 6295(0)(1)—(2)(A), (2)(B)(ii)—(iii),
and (3)—(4).

DOE considers stakeholder participation to be a very important part of the process for
setting energy conservation standards. Through formal public notifications (i.e., Federal Register
notices), DOE actively encourages the participation and interaction of all stakeholders during the
comment period in each stage of the rulemaking. Beginning with the framework document and
during subsequent comment periods, interactions among stakeholders 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. (42 U.S.C. 6295(m)(2)(B))
Any new or amended standard must be designed to achieve significant additional conservation of
energy and be technologically feasible and economically justified. (42 U.S.C. 6295(0)(2)(A)) To
determine whether economic justification exists, DOE must review comments on the proposal
and determine that the benefits of the proposed standard exceed its burdens to the greatest extent
practicable, weighing the seven factors listed above. (42 U.S.C. 6295 (0)(2)(B)(1))

After the publication of the framework document, the energy conservation standards
rulemaking process involves three additional, formal public notices, which DOE publishes in the
Federal Register. The first of the rulemaking notices is a notice of public meeting (NOPM),
which is designed to publicly vet the models and tools used in the preliminary rulemaking and to
facilitate public participation before the NOPR stage. The second notice is the NOPR, which
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presents a discussion of comments received in response to the NOPM and the preliminary
analyses and analytical tools; analyses of the impacts of potential amended energy conservation
standards on consumers, manufacturers, and the Nation; DOE’s weighting of these impacts of
amended energy conservation standards; and the proposed energy conservation standards for the
product. The third notice is the final rule, which presents a discussion of the comments received
in response to the NOPR; the revised analyses; DOE’s weighting of these impacts; the amended
energy conservation standards DOE is adopting for the product; and the compliance dates of the
amended energy conservation standards.

In August 2012, DOE published a notice of public meeting and availability of the
framework document. 77 FR 49739 (Aug. 17, 2009) The framework document, Energy
Conservation Standards Rulemaking Framework Document for Residential Dehumidifiers,
describes the procedural and analytical approaches DOE anticipated using to evaluate the
establishment of amended energy conservation standards for these products. This document is
available at: http.//www.regulations.gov/#!documentDetail, D=EERE-2012-BT-STD-0027-0003.

Subsequently, DOE held a public meeting on September 24, 2012, (“September 2012
public meeting”) to discuss procedural and analytical approaches to the rulemaking. In addition,
DOE used the public meeting to inform and facilitate involvement of interested parties in the
rulemaking process. The analytical framework presented at the public meeting described the
different analyses, such as the engineering analysis and the consumer economic analyses (i.e.,
the life-cycle cost (LCC) and payback period (PBB) analyses), the methods proposed for
conducting them, and the relationships among the various analyses.

Table 1.3.1 Analyses Under the Process Rule

Preliminary Analyses NOPR Final Rule
Market and technology assessment Revised preliminary analyses Revised NOPR analyses
Screening analysis Life-cycle cost sub-group
analysis
Engineering analysis Manufacturer impact analysis
Markups analysis Emissions analysis
Energy use analysis Emissions Monetization Impact
analysis
Life-cycle cost and payback period Utility impact analysis
analysis
Shipments analysis Employment impact analysis
National impact analysis Regulatory impact analysis
Preliminary manufacturer impact analysis

During the September 2012 public meeting, interested parties commented about
numerous issues relating to each one of the analyses listed in Table 1.3.1. Comments from
interested parties submitted during the framework document comment period elaborated on the
issues raised during the public meeting. DOE attempted to address these issues during its
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preliminary analyses and summarized the comments and DOE’s responses in chapter 2 of the
preliminary TSD.

As part of the information gathering and sharing process, DOE organized and held
interviews with manufacturers of the residential dehumidifiers considered in this rulemaking as
part of the engineering analysis. DOE selected companies that represented production of all types
of products, ranging from small to large manufacturers, and included the Association of Home
Appliance Manufacturers (AHAM) member companies. 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 preliminary manufacturer impact analysis; (3) provide an
opportunity, early in the rulemaking process, 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) and the preliminary manufacturer impact
analysis (chapter 12).

DOE developed spreadsheets for the engineering, LCC, PBP (chapter 8), and national
impact analyses (chapter 10) for each product. For each product, DOE developed an LCC
spreadsheet that calculates the LCC and PBP at various energy efficiency levels. DOE also
developed a national impact analysis spreadsheet that calculates the national energy savings
(NES) and national net present values (NPVs) at various energy efficiency levels. This
spreadsheet includes a model that forecasts the impacts of amended energy conservation
standards at various levels on product shipments. All of these spreadsheets are available on the
DOE website for residential dehumidifiers at:
hitp.//www.eere.energy.gov/buildings/appliance_standards/residential/dehumidifiers.html.

On May 21, 2014, DOE published the NOPM and availability of the preliminary TSD. 77
FR 29380. The preliminary TSD provides technical analyses and results that support the
information presented in the preliminary NOPM and the executive summary for residential
heating products. The preliminary TSD also provides a detailed description of all of the analyses
discussed in the paragraphs above. The preliminary TSD is available at:
http://www.regulations.gov/#!documentDetail; D=EERE-2012-BT-STD-0027-0015.

Following publication of the NOPM and the preliminary TSD, DOE held a public
meeting on June 13, 2014, to facilitate discussion about the preliminary analyses that were
performed for the NOPM and described in the preliminary TSD. In addition to the public
meeting, a written comment period was open until July 21, 2014, to allow interested parties to
provide new comments or elaborate on any comments made at the public meeting.

After receiving these comments, DOE revised the preliminary analyses for the NOPR
phase of this rulemaking based on the feedback from interested parties. DOE organized and held
a second round of interviews with manufacturers to gather additional feedback on the analyses
and as part of the manufacturer impact analysis conducted for the NOPR phase of the
rulemaking.
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In addition to revising the various preliminary analyses, DOE also performed a consumer
subgroup analysis, manufacturer impact analysis, utility impact analysis, employment impact
analysis, and regulatory impact analysis for the NOPR stage of this rulemaking.

1.4 STRUCTURE OF THE DOCUMENT

This NOPR TSD outlines the analytical approaches used in this rulemaking. The NOPR
TSD consists of 17 chapters (including an environmental assessment and regulatory impact
analysis) and appendices.

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

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

Analytical Framework: describes the rulemaking process.

Market and Technology Assessment: characterizes the market for the
considered products and the technologies available for increasing
product efficiency.

Screening Analysis: identifies all the design options that improve
efficiency of the considered products, and determines which technology
options are viable for consideration in the engineering analysis.

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

Markups Analysis: discusses the methods used for establishing markups
for converting manufacturer prices to customer product costs.

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

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

Shipments Analysis: discusses the methods used for forecasting
shipments with and without higher efficiency standards, including how
product purchase decisions are economically influenced and how DOE
models this relationship with econometric equations.
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Chapter 10

Chapter 11

Chapter 12

Chapter 13

Chapter 14

Chapter 15

Chapter 16

Chapter 17

Appendix 3A
Appendix 5A
Appendix 6A
Appendix 7A
Appendix 7B
Appendix 8A
Appendix 8B
Appendix 8C
Appendix 8D

Appendix 9A

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

Consumer Subgroup Analysis: discusses the effects of standards on
different subgroups of consumers.

Manufacturer Impact Analysis: discusses the effects of standards on the
finances and profitability of product manufacturers.

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

Monetization of Emission Reductions Benefits.

Utility Impact Analysis: discusses certain effects of the considered on
electric and gas utilities.

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

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

AHAM Data Submittal

Engineering Analysis Interview Guide

Detailed Data for Product Price Markups

Housing Variables

Weather Station Data Mapping to RECS Households

User Instructions for Life-Cycle Cost and Payback Period Spreadsheet
Uncertainty and Variability in LCC Analysis for Dehumidifiers
Lifetime Distributions

Distributions for Discount Rates

Relative Price Elasticity of Demand for Appliances
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Appendix 10A
Appendix 10B

Appendix 10C

Appendix 10D

Appendix 12A
Appendix 12B

Appendix 14A

Appendix 14B

Appendix 17A

User Instructions for National Impact Analysis Spreadsheet Model
Full-Fuel-Cycle Multipliers

National Net Present Value of Consumer Benefits Using Alternative
Product Price Forecasts

National Energy Savings and Net Present Value Using Alternative
Growth Scenarios

Manufacturer Impact Analysis Interview Guide
Government Regulatory Impact Model 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 6295(0)(2)(A) of the Energy Policy and Conservation Act (EPCA), Pub. L. 94-
163,42 U.S.C. 6291 et seq. requires the U.S. Department of Energy (DOE) to set forth energy
conservation standards that achieve the maximum improvement in energy efficiency that is
technologically feasible and economically justified. This chapter describes the general analytical
framework that DOE uses in developing such standards, and in particular, amended energy
conservation standards for residential dehumidifiers. The analytical framework is a description of
the methodology, the analytical tools, and the relationships among the various analyses that are
part of this rulemaking.

Figure 2.1.1 summarizes the analytical components of the standards-setting process. The
focus of this figure is the center column, identified as “Analyses.” The columns labeled “Key
Inputs” and “Key Outputs” show how the analyses fit into the rulemaking process, and how the
analyses relate to each other. Key inputs are the types of data and information that the analyses
require. Some key inputs exist in public databases; DOE collects other inputs from interested
parties or other knowledgeable experts within the field. Key outputs are analytical results that
feed directly into the standards-setting process. Dotted lines connecting analyses show types of
information that feed from one analysis to another.
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Figure 2.1.1 Flow Diagram of Analyses for the Rulemaking Process

The analyses performed as part of this notice of proposed rulemaking (NOPR) and
reported in this NOPR technical support document (NOPR TSD) are listed below.

e A market and technology assessment to characterize the relevant product markets and
existing technology options, including prototype designs.

2-2



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

An engineering analysis to develop cost-efficiency relationships that show the
manufacturer’s cost of achieving increased efficiency.

A markups analysis to develop distribution channel markups that relate the manufacturer
production cost (MPC) to the cost to the consumer.

An energy use analysis to determine the annual energy use of the considered products in
a representative set of users.

A life-cycle cost (LCC) and payback period (PBP) analysis to calculate the savings in
operating costs at the consumer level throughout the life of the covered products
compared with any increase in the installed cost for the products likely to result directly
from imposition of a standard.

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

A national impact analysis (NIA) to assess the aggregate impacts at the national level of
potential energy conservation standards for the considered products, as measured by the
NPV of total consumer economic impacts and the national energy savings (NES).

An LCC subgroup analysis to evaluate variations in customer characteristics that might
cause a standard to disproportionately affect particular customer subpopulations.

A manufacturer impact analysis (MIA) to estimate the financial impact of standards on
manufacturers and to calculate impacts on costs, shipments, competition, employment,
and manufacturing capacity.

An emissions analysis to assess the impacts of amended energy conservation standards on
the environment.

An emissions monetization to assess the benefits associated with emissions reductions.

A utility impact analysis to estimate the effects of potential standards on electric, gas, or
oil utilities.

An employment impact analysis to assess the aggregate impacts on national employment.
A regulatory impact analysis to examine major alternatives to amended energy
conservation standards that potentially could achieve substantially the same regulatory
goal at a lower cost.



DOE developed this analytical framework and documented its initial findings in the
Energy Conservation Standards Rulemaking Framework Document for Residential
Dehumidifiers (the framework document). 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 August 17,2012. 77 FR 49739. DOE presented the analytical approach
to interested parties during a public meeting on September 24, 2012. The framework document is
available at http./www.regulations.gov/#!documentDetail; D=EERE-2012-BT-STD-0027-0003.

DOE received numerous comments from interested parties regarding DOE’s analytical
approach. In the preliminary analysis, DOE: (1) summarized the key comments received from
interested parties and describes DOE’s responses to those comments; (2) summarized any
significant changes in the analytical approach made since publishing the framework document;
and (3) explained in further detail each of the issues for which DOE sought public comment in
the executive summary. DOE announced the availability of the preliminary TSD in a Federal
Register notice published on May 22, 2014. 79 FR 29380. The preliminary TSD is available at
hitp.//www.regulations.gov/#!documentDetail, D=EERE-2012-BT-STD-0027-0015.

The following sections provide a general description of the different analytical
components of the rulemaking analytical plan. DOE has used the most reliable data available at
the time of each analysis in this rulemaking. All data will be available for public review. DOE
welcomes and will consider any submissions of additional data during the rulemaking process.
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2.2  MARKET AND TECHNOLOGY ASSESSMENT

The market and technology assessment characterizes the relevant product markets and
existing technology options, including working prototype designs, for the considered products.

2.2.1 Market Assessment

When DOE begins an energy conservation standards rulemaking, it develops information
that provides an overall picture of the market for the products considered, including the nature of
the products, the industry structure, and market characteristics for the products. This activity
consists of both quantitative and qualitative efforts based primarily on publicly available
information. The subjects addressed in the market assessment include manufacturers, trade
associations, and the quantities and types of products sold and offered for sale. DOE examined
both large and small and foreign and domestic manufacturers. DOE also examined publicly
available data from the key trade association for this product category. DOE reviewed shipment
data to evaluate annual shipment trends. Finally, DOE reviewed other energy efficiency
programs from utilities, individual States, and other organizations. Chapter 3 of the NOPR TSD
provides additional details on the market and technology assessment.

2.2.2 Technology Assessment

DOE typically uses information relating to existing and past technology options and
prototype designs as inputs to determine what technologies manufacturers use to attain higher
performance levels. In consultation with interested parties, DOE develops a list of technologies
for consideration. Initially, these technologies encompass all those it believes are technologically
feasible.

DOE developed its list of technologically feasible design options through consultation
with manufacturers of components and systems, and from trade publications and technical
papers. Because many options for improving product efficiency are available in existing units,
product literature and direct examination provided additional information. Chapter 3 of the
NOPR TSD includes the detailed list of all the technology options.

2.3 SCREENING ANALYSIS

The screening analysis examines various technologies as to whether they: (1) are
technologically feasible; (2) are practicable to manufacture, install, and service; (3) have an
adverse impact on product utility or availability; and (4) have adverse impacts on health and
safety. DOE developed an initial list of efficiency-enhancement options from the technologies
identified as technologically feasible in the technology assessment. Then DOE, in consultation
with interested parties, reviewed the list to determine if these options are practicable to
manufacture, install, and service, would adversely affect product utility or availability, or would
have adverse impacts on health and safety. In the engineering analysis, DOE further considered
efficiency enhancement options that it did not screen out in the screening analysis. Chapter 4 of
the NOPR TSD contains details on the screening analysis.

2-5



2.4 ENGINEERING ANALYSIS

The engineering analysis establishes the relationship between the manufacturing
production cost (MPC) and the efficiency for each class of products. The purpose of the analysis
is to estimate the incremental MPCs for a product that would result from increasing efficiency
levels above the level of the baseline model in each product class. This relationship serves as the
basis for cost/benefit calculations in terms of individual consumers, manufacturers, and the
nation. Chapter 5 discusses the product classes DOE analyzed, the representative baseline units,
the incremental efficiency levels, the methodology DOE used to develop the manufacturing
production costs, the cost-efficiency curves, and the impact of efficiency improvements on the
considered products.

The engineering analysis considered technologies not eliminated in the screening
analysis, although certain technologies were not analyzed due to negligible incremental
efficiency improvements or the inability of the existing DOE test procedures to measure any
reduction in energy use. DOE considered the remaining technologies, designated as design
options, in developing the cost-efficiency curves.

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
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 tear-downs of the product being analyzed. DOE used a combination of
these approaches for this rulemaking, as described in further detail in chapter 5 of the NOPR
TSD.

2.5 MARKUPS ANALYSIS

DOE performed a markups analysis to convert the manufacturer costs estimated in the
engineering analysis to consumer prices, which then were used in the LCC and PBP and
manufacturer impact analyses. DOE calculated markups for baseline products (baseline
markups) and for more efficient products (incremental markups). The incremental markup relates
the change in the MPC of higher efficiency models (the incremental cost increase) to the change
in the retailer or distributor sales price.

To develop markups, DOE identified how the products are distributed from the
manufacturer to the consumer. After establishing appropriate distribution channels, DOE relied
on economic data from the U.S. Census Bureau and other sources to determine how prices are
marked up as the products pass from the manufacturer to the consumer. Chapter 6 of the NOPR
TSD provides details on DOE’s development of markups for residential dehumidifiers.

2.6 ENERGY USE ANALYSIS

DOE establishes the annual energy consumption of a product and assesses the energy-
savings potential of various product efficiencies. As part of the energy use analysis, certain
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engineering assumptions may be required regarding product application, including how often the
product is operated and under what conditions. DOE uses the annual energy consumption and
energy-savings potential in the LCC and PBP analyses to establish the savings in consumer
operating costs at various product efficiency levels.

DOE used the Energy Information Administration’s (EIA) 2009 Residential Energy
Consumption Survey (RECS 2009) to establish a sample of households using dehumidifiers for
each dehumidifier product class.! The RECS data provides information on dehumidifier
ownership and frequency of dehumidifier use by monthly range in each household. The survey
also includes household information such as the physical characteristics of housing units,
household demographics, information about cooling products, and other relevant data. DOE used
the household samples and publically available dehumidifier energy use data to determine
dehumidifier annual energy consumption, but also as the basis for conducting the LCC and PBP
analysis. See chapter 7 of the NOPR TSD for more information.

2.7 LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS

In determining whether an energy efficiency standard is economically justified, DOE
considers the economic impact of potential standards on consumers. The effect of new or
amended standards on individual consumers usually includes a reduction in operating cost and an
increase in purchase cost. DOE used the following two metrics to measure consumer impacts:

e LCC (life-cycle cost) is the total customer cost of an appliance or product, generally over
the life of the appliance or product, including purchase and operating costs. The latter
consist of 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 PBP (payback period) measures the amount of time it takes consumers to recover the
assumed higher purchase price of a more energy-efficient product through reduced
operating costs.

DOE analyzed the net effect of potential dehumidifier standards on consumers by
calculating the LCC and PBP. Inputs to the LCC calculation include the installed cost to the
consumer (purchase price plus installation cost), operating expenses (energy expenses, repair
costs, and maintenance costs), the lifetime of the product, and a discount rate. Inputs to the
payback period calculation include the installed cost to the consumer and first-year operating
costs.

DOE performed the LCC and PBP analyses using a spreadsheet model combined with
Crystal Ball (a commercially-available software program used to conduct stochastic analysis
using Monte Carlo simulation and probability distributions) to account for uncertainty and
variability among the input variables. Each Monte Carlo simulation consists of 10,000 LCC and
PBP calculations. The model performs each calculation using input values that are either
sampled from probability distributions and household samples or characterized with single point
values. The analytical results include a distribution of 10,000 data points showing the range of
LCC savings and PBPs for a given efficiency level relative to the base case efficiency forecast.
In performing an iteration of the Monte Carlo simulation for a given consumer, product
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efficiency is chosen based on its probability. If the chosen product efficiency is greater than or
equal to the efficiency of the standard level under consideration, the LCC and PBP calculation
reveals that a consumer is not impacted by the standard level. By accounting for consumers who
already purchase more-efficient products, DOE avoids overstating the potential benefits from
increasing product efficiency.

DOE is also required to perform a PBP analysis to determine whether the rebuttable
presumption of economic justification applies (where the higher installed cost of more energy-
efficient equipment is less than three times the value of the lowered operating costs in the first
year of the energy conservation standard). (42 U.S.C. 6295(0)(2)(B)(iii)) The results of this
analysis serve as the basis for DOE to evaluate the economic justification for a potential standard
level (thereby supporting or rebutting the results of any NOPR determination of economic
justification).

2.7.1 Inputs to First Costs

Installation Costs

Typically, small incremental changes in product efficiency incur little or no change in
installation costs over baseline products. Based on available information, DOE did not include
any installation costs from either a portable or whole-home dehumidifier with an increased
product efficiency.

Product Costs

To calculate the product costs paid by dehumidifier purchasers, DOE multiplied the
manufacturing product costs (MPCs) developed from the engineering analysis by industry
markups to derive manufacturers’ selling prices (MSPs). The MSPs in turn are multiplied by
supply chain markups (along with sales taxes) to estimate the initial cost to the consumer. DOE
used the supply chain markups that include separate markups on the baseline MSP and the
incremental cost of each higher efficiency level considered.

2.7.2 Inputs to Operating Cost

Energy Prices

DOE derived average monthly electricity prices for the 27 geographic areas in RECS
2009 by using the latest data from EIA. DOE assigned an appropriate energy price to each
household in the sample, depending on its location. For future prices, DOE used the projected
annual changes in average residential electricity prices in EIA’s 2015 Annual Energy Outlook
(AEO 2015).

Maintenance and Repair Costs

Typically, small incremental changes in product efficiency incur little or no change in
installation, repair and maintenance costs over baseline products. Having no information to
conclude otherwise, DOE did not include any maintenance or repair costs from either a portable
or whole-home dehumidifier with an increased product efficiency.

Product Lifetime
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Product lifetime is the age at which an appliance is retired from service. Based on
information from the American Council for an Energy Efficiency Economy and the Northeast
Energy Star Lighting and Appliance data, DOE identified an average dehumidifier lifetime of 11
years for portable dehumidifiers. DOE estimated lifetime for whole-home dehumidifiers based
on data from central air conditioner information and identified an average lifetime of 19 years.
DOE characterized dehumidifier survival functions using Weibull distributions.

2.7.3 Other Inputs

DOE used discount rates to determine the present value of lifetime operating expenses.
The discount rate used in the LCC analysis represents the rate from an individual consumer’s
perspective.” Much of the data used for determining consumer discount rates comes from the
Federal Reserve Board’s triennial Survey of Consumer Finances.

To estimate the share of consumers affected by a standard at a particular efficiency level,
DOE’s LCC and PBP analysis considers the projected distribution (i.e., market shares) of
product efficiencies that consumers will purchase in the first compliance year under the base case
(the case without amended energy conservation standards).

2.8 SHIPMENTS ANALYSIS

DOE used forecasts of product shipments to calculate the national impacts of standards
and also in its manufacturer impact analysis. DOE developed these shipment forecasts based on
an analysis of key market drivers for each product.

DOE estimated portable dehumidifier shipments by projecting shipments in two market
segments: (1) replacements; (2) homeowners that did not previously have a dehumidifier, i.e.,
first time owners.

To project portable dehumidifier replacement shipments, DOE developed retirement
functions for dehumidifiers from the lifetime estimates and applied them to the existing products
in the stock. The existing stock of products is tracked by vintage and developed from historical
shipments data. To project shipments to the first time owner market, DOE calibrated the
estimated shipments with the historical data by introducing into the model a market segment
identified as existing households without dehumidifiers. DOE estimated that 0.34 percent of
existing households without a dehumidifier would annually purchase this product over the period
2019-2048. DOE estimated whole-home shipments at 1 percent of the total portable
dehumidifier shipment volume. See chapter 9 of this NOPR TSD for more details regarding the
projection of dehumidifier shipments.

* The consumer discount rate differs from the discount rates used in the national impact analysis, which are intended
to represent the rate of return on capital in the U.S. economy, as well as the societal rate of return on private
consumption.

® Available at http://www.federalreserve.gov/econresdata/sct/scfindex.htm.
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2.9 NATIONAL IMPACT ANALYSIS

The NIA assesses the NES and the NPV from a national perspective of total consumer
costs and savings expected to result from new or amended energy conservation standards at
specific efficiency levels. DOE determined the NPV and NES for the standard levels considered
for the dehumidifier product classes analyzed. DOE prepared a Microsoft Excel spreadsheet that
uses typical values (as opposed to probability distributions) as inputs. To assess the effect of
input uncertainty on NES and NPV results, DOE has developed its spreadsheet model to conduct
sensitivity analyses by running scenarios on specific input variables.

Analyzing impacts of potential energy conservation standards for dehumidifiers requires
comparing projections of U.S. energy consumption with amended energy conservation standards
against projections of energy consumption without amended standards. The forecasts include
projections of annual appliance shipments, the annual energy consumption of new appliances,
and the purchase price of new appliances.

A key component of DOE’s NIA is the energy efficiency forecasted over time for the base
case (without new standards) and each of the standards cases. The forecasted efficiencies
represent the annual shipment-weighted energy efficiency of the products under consideration
during the forecast period (i.e., from the assumed compliance date of a new standard to 30 years
after compliance is required).

DOE developed a distribution of efficiencies in the base case for 2019 (the assumed
compliance date for amended standards) for each dehumidifier product class. In each standards
case, a “roll-up” scenario approach was applied to establish the efficiency distribution for 2019.
Under the “roll-up” scenario, product efficiencies in the base case that do not meet the standard
level under consideration would “roll-up” to meet the new standard level; and product
efficiencies above the standard level under consideration would not be affected. In addition to a
“roll-up” scenario, DOE developed a shift scenario. In the shift scenario DOE applied an annual
growth rate in average energy efficiency, as it is done in the base case. To develop standards case
forecasted shipments-weighted integrated energy factors (SWIEFs), DOE developed growth
trends for each trial standard level that maintained the same per-unit average total installed cost
difference for the year 2019 between the base case and each standards case over the entire
forecast period (2019-2048). DOE’s approach for developing standards case SWIEFs in this
manner assumes that the rate of adoption of more efficient products under the standards case can
occur only at a rate which ensures that the average total installed cost difference between the
standards case and base case over the entire forecast period is held constant. Because the total
installed cost versus efficiency relationship for each product class demonstrates an increasing
cost rate for more efficient products, the SWIEF growth rate for each standards case is lower
than the SWIEF growth rate for the base case.

DOE assumed that energy efficiencies for all dehumidifier product classes will increase at
a rate of 0.25 percent per year in absence of standard. The growth rates in the standard cases are
slightly lower than in the base case. Note that for the standards cases, the efficiency trend does
not increase past the max tech level.
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2.9.1 National Energy Savings Analysis

The inputs for determining the national energy savings for each product analyzed are: (1)
annual energy consumption per unit; (2) shipments; (3) product or 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 (stock) of each product (by vintage or
age) by the unit energy consumption (also by vintage). Vintage represents the age of the product.
DOE calculated annual NES based on the difference in national energy consumption for the base
case (without new efficiency standards) and for each higher efficiency standard. DOE estimated
energy consumption and savings based on site energy and converted the electricity consumption
and savings to source (primary) energy using annual conversion factors derived from the most
recent version of the National Energy Modeling System (NEMS). Cumulative energy savings are
the sum of the NES for each year over the timeframe of the analysis. Chapter 10 of this NOPR
TSD presents primary energy savings for the considered efficiency levels.

2.9.2 Net Present Value Analysis

The parameters for determining NPV are the present value of costs and the present value
of savings. The inputs for the present value of costs and the present value of savings include (1)
total annual installed cost; (2) total annual savings in operating costs; (3) a discount factor to
calculate the present value of costs and savings; DOE determined the net savings for each year as
the difference between the base case and each standards case in terms of total savings in
operating costs versus total increases in installed costs. DOE calculated savings over the lifetime
of products shipped in the forecast period. DOE calculated NPV as the difference between the
present value of operating cost savings and the present value of total installed costs. DOE used a
discount factor based on real discount rates of 3 and 7 percent to discount future costs and
savings to present values.

For the NPV analysis, DOE calculates increases in total installed costs as the difference
in total installed cost between the base case and standards case (i.e., once the standards take
effect). Because the more-efficient products bought in the standards case usually cost more than
products bought in the base case, cost increases appear as negative values in the NPV.

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

DOE used the most recent available edition of EIA’s Annual Energy Outlook (AEO 2015)
as the default source of projections for future energy prices and total housing stock. It will also

calculate the NPV assuming higher and lower economy growth scenarios from the AEO.

DOE uses the 3 percent and 7 percent real discount rates in accordance with guidance
provided by the Office of Management and Budget (OMB) to Federal agencies on the
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development of regulatory analysis. (OMB Circular A-4 (Sept. 17, 2003), section E, “Identifying
and Measuring Benefits and Costs”).

2.10  CONSUMER SUBGROUP ANALYSIS

During the NOPR stage of this rulemaking, DOE conducted a consumer subgroup
analysis. A consumer subgroup comprises a subset of the population that may be affected
disproportionately by new or revised energy conservation standards (e.g., low-income
consumers, seniors). The purpose of a subgroup analysis is to determine the extent of any such
disproportional impacts. More information can be found in chapter 11 of the NOPR TSD.

2.11 MANUFACTURER IMPACT ANALYSIS

The MIA assesses the impacts of new energy conservation standards on manufacturers of
the considered products. Potential impacts include financial effects, both quantitative and
qualitative, that might lead to changes in the manufacturing practices for these products. DOE
identified these potential impacts through interviews with manufacturers and other interested
parties.

DOE conducted the MIA in three phases, and further tailored the analytical framework
based on interested parties’ comments. In Phase I, an industry profile was created to characterize
the industry, and a preliminary MIA was conducted to identify important issues that required
consideration. In Phase II, an industry cash flow model and an interview questionnaire were
prepared to guide subsequent discussions. In Phase III, manufacturers were interviewed, and the
impacts of standards were assessed both quantitatively and qualitatively. Industry and subgroup
cash flow and NPV were assessed through use of the Government Regulatory Impact Model
(GRIM). Then impacts on competition, manufacturing capacity, employment, and cumulative
regulatory burden were assessed based on manufacturer interview feedback and discussions.
DOE discusses its findings from the MIA in chapter 12 of the NOPR TSD.

2.12 EMISSIONS ANALYSIS

In the emissions analysis, DOE estimated the reduction in power sector emissions of
carbon dioxide (CO,), nitrogen oxides (NOyx), sulfur dioxide (SO,) and mercury (Hg) from
potential energy conservation standards for the considered products. In addition, DOE estimated
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). In accordance with DOE’s FFC
Statement of Policy (76 FR 51282 (Aug. 18, 2011)), the FFC analysis includes impacts on
emissions of methane and nitrous oxide, both of which are recognized as greenhouse gases.

DOE primarily conducted the emissions analysis using emissions factors for CO, and
most of the other gases derived from data in the latest version of EIA’s Annual Energy Outlook
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(AEO). Combustion emissions of CH4 and N,O are estimated using emissions intensity factors
published by the Environmental Protection Agency (EPA), GHG Emissions Factors Hub.*

EIA prepares the Annual Energy Outlook using the National Energy Modeling System
(NEMS). Each annual version of NEMS incorporates the projected impacts of existing air quality
regulations on emissions. The text below refers to AEO 2014, which generally represents current
legislation and environmental regulations, including recent government actions, for which
implementing regulations were available as of October 31, 2015.

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
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 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 it remained in effect. On July 6, 2011 EPA issued a replacement for CAIR, the
Cross-State Air Pollution Rule (CSAPR). 76 FR 48208 (Aug. 8, 2011). On August 21, 2012, the
D.C. Circuit issued a decision to vacate CSAPR.® The court ordered EPA to continue
administering CAIR. AEO 2014 assumes that CAIR remains a binding regulation through 2040."

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

Beginning in 2016, however, SO, emissions will fall as a result of the Mercury and Air
Toxics Standards (MATS) for power plants. 77 FR 9304 (Feb. 16, 2012). In the final MATS
rule, EPA established a standard for hydrogen chloride (HCI) as a surrogate for acid gas

¢ http://www.epa.gov/climateleadership/inventory/ghg-emissions.html

4 See North Carolina v. EPA, 550 F.3d 1176 (D.C. Cir. 2008); North Carolina v. EPA, 531 F.3d 896 (D.C. Cir.
2008).

¢ See EME Homer City Generation, LP v. EPA, 696 F.3d 7, 38 (D.C. Cir. 2012).

f 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. The Supreme Court held in part that EPA's
methodology for quantifying emissions that must be eliminated in certain states due to their impacts in other
downwind states was based on a permissible, workable, and equitable interpretation of the Clean Air Act provision
that provides statutory authority for CSAPR. See EPA v. EME Homer City Generation, No 12-1182, slip op. at 32
(U.S. April 29, 2014). Because DOE is using emissions factors based on AEO 2014, the analysis assumes that
CAIR, not CSAPR, is the regulation in force. The difference between CAIR and CSAPR is not relevant for the
purpose of DOE's analysis of SO, emissions.



hazardous air pollutants (HAP), and also established a standard for SO, (a non-HAP acid gas) as
an alternative equivalent surrogate standard for acid gas HAP. The same controls are used to
reduce HAP and non-HAP acid gas; thus, SO, emissions will be reduced as a result of the control
technologies installed on coal-fired power plants to comply with the MATS requirements for
acid gas. AEO 2014 assumes that, in order to continue operating, coal plants must have either
flue gas desulfurization or dry sorbent injection systems installed by 2016. Both technologies,
which are used to reduce acid gas emissions, also reduce SO, emissions. Under the MATS,
emissions will be far below the cap that would be established by CAIR, so it is unlikely that
excess SO, emissions allowances resulting from the lower electricity demand would be needed
or used to permit offsetting increases in SO, emissions by any regulated EGU. Therefore, DOE
believes that energy efficiency standards will reduce SO, emissions in 2016 and beyond.

CAIR established a cap on NOx emissions in eastern States and the District of Columbia.
Energy conservation standards are expected to have little or no physical effect on these 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 potential standards in the States where
emissions are not capped.

The MATS limit mercury emissions from power plants, but they do not include emissions
caps and, as such, DOE’s energy conservation standards would likely reduce Hg emissions. DOE
estimated mercury emissions reduction using emissions factors based on AEO 2014, which
incorporates the MATS.

Power plants may emit particulates from the smoke stack, which are known as direct
particulate matter (PM) emissions. NEMS does not account for direct PM emissions from power
plants. DOE is investigating the possibility of using other methods to estimate reduction in PM
emissions due to standards. The great majority of ambient PM associated with power plants is in
the form of secondary sulfates and nitrates, which are produced at a significant distance from
power plants by complex atmospheric chemical reactions that often involve the gaseous
emissions of power plants, mainly SO, and NOy. The monetary benefits that DOE estimates for
reductions in NOy emissions resulting from standards are in fact primarily related to the health
benefits of reduced ambient PM. Further detail is provided in chapter 13 of the NOPR TSD.

2.13 MONETIZING REDUCED CO2 AND OTHER EMISSIONS

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

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

The Interagency Working Group on Social Cost of Carbon released an update of its
previous report in 2013.% The most recent estimates of the SCC in 2015, expressed in 20138$, are
$12.0, $40.5, $62.4, and $119 per metric ton of CO; avoided. For emissions reductions that occur
in later years, these values grow in real terms over time. Additionally, the interagency group
determined that a range of values from 7 percent to 23 percent should be used to adjust the global
SCC to calculate domestic effects, although DOE gives preference to consideration of the global
benefits of reducing CO, emissions.

DOE multiplied the CO, emissions reduction estimated for each year by the SCC value
for that year in each of the four cases. To calculate a present value of the stream of monetary
values, DOE discounted the values in each of the four cases using the discount rates that had
been used to obtain the SCC values in each case.

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

DOE also estimated the potential monetary benefit of reduced NOx emissions resulting
from the standard levels it considers. Estimates of monetary value for reducing NOx from
stationary sources range from $476 to $4,893 per ton in 2013$." DOE calculated monetary
benefits using a medium value for NOx emissions of $2,684 per short ton (2013$), and real
discount rates of 3 percent and 7 percent.

DOE is investigating appropriate valuation of Hg and SO, emissions. DOE has not
monetized estimates of SO, and Hg reduction in this rulemaking. Further detail on the emissions
monetization is provided in chapter 14 of the NOPR TSD.

2.14 UTILITY IMPACT ANALYSIS

In the utility impact analysis, DOE analyzes the changes in electric installed capacity and
generation that result for each trial standard level (TSL). The utility impact analysis is based on
output of the DOE/ EIA’s NEMS. NEMS is a public domain, multi-sectored, partial equilibrium
model of the U.S. energy sector. Each year, DOE/EIA uses NEMS to produce an energy forecast
for the United States, the AEO. The EIA publishes a reference case, which incorporates all

& Technical Update of the Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.
Interagency Working Group on Social Cost of Carbon, United States Government; revised November 2013.
www.whitehouse.gov/sites/default/files/omb/assets/inforeg/technical-update-social-cost-of-carbon-for-regulator-
impact-analysis.pdf

" U.S. Office of Management and Budget, Office of Information and Regulatory Affairs, 2006 Report to Congress
on the Costs and Benefits of Federal Regulations and Unfunded Mandates on State, Local, and Tribal Entities,
Washington, DC.
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existing energy-related policies at the time of publication, and a variety of side cases which
analyze the impact of different policies, energy price and market trends. As of 2014, DOE is
using a new methodology based on results published for the AEO 2014 Reference case and a set
of side cases that implement a variety of efficiency-related policies. Further detail is provided in
chapter 15 of the NOPR TSD.

2.15 EMPLOYMENT IMPACT ANALYSIS

The adoption of energy conservation standards can affect employment both directly and
indirectly. Direct employment impacts are changes in the number of employees at the plants that
produce the covered products. DOE evaluates direct employment impacts in the MIA. Indirect
employment impacts may result from expenditures shifting between goods (the substitution
effect) and changes in income and overall expenditure levels (the income effect) that occur due
to standards. DOE defines indirect employment impacts from standards as net jobs eliminated or
created in the general economy as a result of increased spending driven by increased product
prices and reduced spending on energy.

Indirect employment impacts are investigated in the employment impact analysis using
the Pacific Northwest National Laboratory’s “Impact of Sector Energy Technologies” (ImSET)
model." The INSET model was developed for DOE’s Office of Planning, Budget, and Analysis
to estimate the employment and income effects of energy-saving technologies in buildings,
industry, and transportation. Compared with simple economic multiplier approaches, InSET
allows for more complete and automated analysis of the economic impacts of energy
conservation investments. Further detail is provided in chapter 16 of the NOPR TSD.

2.16 REGULATORY IMPACT ANALYSIS

In the NOPR stage, DOE prepared a regulatory impact analysis (RIA) pursuant to
Executive Order 12866, Regulatory Planning and Review, 58 FR 51735, October 4, 1993. The
RIA addresses the potential for non-regulatory approaches to supplant or augment energy
conservation standards in order to improve the energy efficiency or reduce the energy
consumption of the product covered under this rulemaking. DOE recognizes that voluntary or
other non-regulatory efforts by manufacturers, utilities, and other interested parties can
substantially affect energy efficiency or reduce energy consumption. DOE bases its assessment
on the actual impacts of any such initiatives to date, but also considers information presented by
interested parties regarding the impacts existing initiatives might have in the future. Further
detail is provided in chapter 17 of the NOPR TSD.

"M.J. Scott, O.V. Livingston, P.J. Balducci, J.M. Roop, and R.W. Schultz, ImSET 3.1: Impact of Sector Energy
Technologies, PNNL-18412, Pacific Northwest National Laboratory (2009) (Available at:
www.pnl.gov/main/publications/external/technical_reports/PNNL-18412.pdf).
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CHAPTER 3. MARKET AND TECHNOLOGY ASSESSMENT

3.1 INTRODUCTION

This chapter provides a profile of the residential dehumidifier industry in the United
States. The DOE developed the market and technology assessment presented in this chapter
primarily from publicly available information. This assessment is helpful in identifying the major
manufacturers and their product characteristics, which form the basis for the engineering and the
LCC analyses. Present and past industry structure and industry financial information help DOE
in the process of conducting the manufacturer impact analysis.

3.2 PRODUCT DEFINITION

The EPACT 2005 (P.L. 109-58) amended the EPCA, Pub. L. 94-163, 42 U.S.C. 6291 et
seq. in relevant part to establish the definition of a dehumidifier as “a self-contained, electrically
operated, and mechanically encased assembly consisting of -

A. arefrigerated surface (evaporator) that condenses moisture from the atmosphere;

B. arefrigerating system, including an electric motor;

C. an air-circulating fan; and

D. means for collecting or disposing of the condensate.

42 U.S.C. 6291(34)

On May 21, 2014 DOE published a test procedure NOPR in which it proposed definitions
for portable and whole-home dehumidifiers, in addition to other clarifications and corrections to
the current dehumidifier test procedure. 79 FR 29272. On February 4, 2015, DOE published a
supplemental notice of proposed rulemaking (SNOPR), in which the previous definition
proposals were maintained and DOE further proposed additional modifications and clarifications
to the test procedure. 80 FR 5994. In the final rule for the test procedure rulemaking, DOE
established the test procedure currently found at 10 CFR part 430, subpart B, appendix X1
(appendix X1) as well as the following product definitions in 10 CFR 430.2:

Dehumidifier means product, other than a portable air conditioner, room air conditioner,
or packaged terminal air conditioner, that is a self-contained, electrically operated, and
mechanically encased assembly consisting of—

1) A refrigerated surface (evaporator) that condenses moisture from the atmosphere;

2) A refrigerating system, including an electric motor;

3) An air-circulating fan; and

4) A means for collecting or disposing of the condensate.

Portable dehumidifier means a dehumidifier designed to operate within the dehumidified
space without the attachment of additional ducting, although means may be provided for optional
duct attachment.

Whole-home dehumidifier means a dehumidifier designed to be installed with ducting to
deliver return process air to its inlet and to supply dehumidified process air from its outlet to one
or more locations in the dehumidified space.
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Refrigerant-desiccant dehumidifier means a whole-home dehumidifier that removes
moisture from the process air by means of a desiccant material in addition to a refrigeration
system.

3.3 PRODUCT CLASSES

When evaluating and establishing energy conservation standards, DOE generally divides
covered products into product classes by the type of energy used or by capacity or other
performance-related features that affect efficiency. Different energy conservation standards may
apply to different product classes. (42 U.S.C. 6295(q))

For residential dehumidifiers, the EISA 2007, Pub. L 110-140 amendments to EPCA
established product classes based on the capacity of the unit as measured in pints of water

extracted per day (pints/day), for dehumidifiers manufactured on or after October 1, 2012. (42
U.S.C. 6295(cc)(2)):"

Less than 35.00 pints/day
35.01 to 45.00 pints/day
45.01 to 54.00 pints/day
54.01 to 75.00 pints/day
Greater than 75.00 pints /day

Among residential dehumidifiers there are also two general types, differentiated by the
primary installation configuration: portable dehumidifiers and whole-home dehumidifiers, as
described in section 3.2. Portable dehumidifiers are the most common type of dehumidifier sold
in the United States, representing more than 95 percent of residential dehumidifier shipments.
Consumers typically purchase portable dehumidifiers to reduce the relative humidity in one room
or area of a living space less than 2,500 square feet, and may move these units from room to
room to selectively reduce humidity where necessary. These units may also be located in an
unconditioned space where moisture control is desired, such as a basement. Portable units
currently on the market have rated capacities ranging from 25 pints/day to more than 120
pints/day, as determined by the test procedure at 10 CFR part 430, subpart B, appendix X
(appendix X). Portable units are standalone appliances that are designed to operate independent
of any other air treatment devices, and do not require attachment to ducting, although certain
models may have optional provisions to do so (i.e., “convertible” units).

Whole-home dehumidifiers are designed to be attached to ducting that supplies
conditioned air to multiple or large living spaces in a residence and that returns humid air to the

? For standards effective October 1, 2007, EPACT 2005, in section 135(c), specified five product classes for
dehumidifiers based on capacity as measured by the test procedure at appendix X: 25.00 pints/day or less, 25.01—
35.00 pints/day, 35.01-54.00 pints/day, 54.01-74.99 pints/day, and 75.00 pints/day or more. EISA 2007, in section
311(a)(1), prescribed a new set of standards for dehumidifiers to take effect on October 1, 2012. In providing a new
set of standards, EISA 2007 consolidated the two smallest product classes (25.00 pints/day or less and 25.01-35.00
pints/day) and subdivided the 35.01-54.00 pints/day product class into two product classes: 35.01-45.00 pints/day
and 45.01-54.00 pints/day.



dehumidifier inlet. Whole-home dehumidifiers are often installed in conjunction with an existing
heating, ventilation, or central air-conditioning (HVAC) system, and may utilize certain
components of the HVAC equipment such as the air-handling blower, but can operate
independently as well. Whole-home dehumidifiers typically use the same dehumidification
system as portable units; however, to effectively dehumidify a large area, these units are
manufactured with larger components than portable dehumidifiers, and may include additional
features, such as pre-coolers or desiccant wheels, which may be difficult to incorporate into
portable units due to volume and weight constraints. Whole-home product capacities range from
approximately 65 pints/day to more than 200 pints/day. However, the current DOE dehumidifier
test procedure at appendix X does not require testing these units with ducting in place, as they
would be installed in the field. The lack of ducting allows higher airflow through the
dehumidifier than would be experienced in real-world installations, which in turn affects the
measured capacity and energy efficiency. Accordingly, the newly established appendix X1 test
procedure includes provisions to require testing the energy use of whole-home dehumidifiers in
dehumidification mode using a representative ducted configuration.

In the preliminary analysis for this rulemaking, DOE considered product classes that
address both portable and whole-home dehumidifiers. DOE used the current product classes
established by EISA 2007 as the basis for the analysis for portable dehumidifiers, with the
capacities adjusted to account for the test procedure updates in appendix X1. In particular,
appendix X1 requires that testing for portable dehumidifiers be conducted at an ambient
temperature of 65 degrees Fahrenheit (°F) instead of the current 80 °F. DOE considered how the
change in ambient temperatures would affect measured product capacities, and adjusted the
capacity ranges in each of the portable product classes accordingly.

DOE also conducted its preliminary analysis on two whole-home dehumidifier product
classes. DOE separated these two product classes based on case volume, one for products with
volumes less than or equal to 8.0 cubic feet and another for products with volumes greater than
8.0 cubic feet, because it determined that capacity did not inherently impact efficiency for these
products but that case volume affected consumer utility in terms of potential installation
configurations.

DOE considered the following dehumidifier product classes in the preliminary analysis:

Portable, less than 20.00 pints/day

Portable, 20.01 to 30.00 pints/day

Portable, 30.01 to 35.00 pints/day

Portable, 35.01 to 45.00 pints/day

Portable, 45.01 or more pints /day

Whole-home, case volume less than or equal to 8.0 cubic feet
Whole-home, case volume greater than 8.0 cubic feet

In the analysis for this NOPR, DOE combined four of the portable dehumidifier product
classes considered in the preliminary analysis into two product classes due to similarities and
trends observed in performance at these four product classes. Chapter 5 of this NOPR TSD
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includes more information about the portable dehumidifier product classes proposed in the
NOPR, and listed below:

Portable, less than 30.00 pints/day

Portable, 30.01 to 45.00 pints/day

Portable, 45.01 or more pints /day

Whole-home, case volume less than or equal to 8.0 cubic feet
Whole-home, case volume greater than 8.0 cubic feet

3.4 PRODUCT TEST PROCEDURES

EPACT 2005 amended EPCA to specify that the test criteria used under the ENERGY
STAR” program must serve as the basis for the DOE test procedure for dehumidifiers. (EPACT
2005, section 135(b); 42 U.S.C. 6293(b)(13)) Prior to October 2012, the ENERGY STAR test
criteria required that American National Standards Institute (ANSI)/ AHAM Standard DH-1-
2003, Dehumidifiers, be used to measure energy use while the Canadian Standards Association
(CAN/CSA) standard CAN/CSA-C749-1994 (R2005), Performance of Dehumidifiers, be used to
calculate the energy factor (EF). DOE adopted these test criteria, along with related definitions
and tolerances, as its test procedure for dehumidifiers in 2006 at 10 CFR part 430, subpart B,
appendix X (appendix X). 71 FR 71340, 71347, 71366, 713667-68 (Dec. 8, 2006).

On October 31, 2012, DOE published a final rule to establish a new test procedure for
dehumidifiers that references ANSI/AHAM Standard DH-1-2008, Dehumidifiers (ANSI/AHAM
DH-1-2008), rather than the ENERGY STAR test criteria, and establishes a new energy
efficiency metric, integrated energy factor (IEF), which incorporates measures of energy use in
active mode, standby mode, and off mode. 77 FR 65995 (Oct. 31, 2012). The new DOE test
procedure was codified at that time at 10 CFR part 430, subpart B, appendix X1 (appendix X1).

On February 7, 2014, DOE published a final rule removing the existing test procedure at
appendix X and redesignating the test procedure at appendix X1 as appendix X. Manufacturers
are currently required to test using only the active mode provisions in the redesignated appendix
X to determine compliance with existing dehumidifier energy conservation standards. Appendix
X must be used in its entirety if manufacturers make representations of standby mode or off
mode energy use. 79 FR 7366 (Feb. 7, 2014).

On May 21, 2014, DOE published a test procedure NOPR (the May 2014 Test Procedure
NOPR) in which it proposed to establish a new dehumidifier test procedure at appendix X1,
which would include: (1) dehumidification mode test conditions requiring a lower ambient
temperature to more accurately reflect conditions during consumer use; (2) a measure of fan-only
mode energy consumption for dehumidifiers that operate the blower continuously or cyclically
when the ambient air relative humidity is below the humidity setpoint, rather than enter off-cycle
mode; (3) new definitions for portable, whole-home, and refrigerant-desiccant dehumidifiers; (4)

® For more information, please visit ttp://www.energystar.gov/.
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testing methodology and calculations for whole-home dehumidifiers; (5) additional clarifications
and editorial corrections. 79 FR 29271.

On February 4, 2015, DOE subsequently published a SNOPR (the February 2015 Test
Procedure SNOPR), to propose additional changes to the test procedure proposed in the May
2014 Test Procedure NOPR, including: (1) various adjustments and clarifications to the whole-
home dehumidifier test setup and conduct; (2) a method to determine whole-home dehumidifier
case volume; (3) a revision to the method for measuring energy use in fan-only operation; (4) a
clarification to the relative humidity and capacity equations in ANSI/AHAM DH-1-2008; and (5)
additional technical corrections and clarifications. 80 FR 5994.

In response to the May 2014 Test Procedure NOPR, June 2014 public meeting, and
February 2015 Test Procedure SNOPR, DOE received comments from interested parties related
to the test procedure. In the final rule that concluded the recent test procedure rulemaking, DOE
addressed those comments and made certain modifications to its previous proposals. The final
rule incorporated the proposed amendments to appendix X and established the new test
procedure in appendix X1. The analysis conducted in support of this NOPR is based on
capacities and efficiencies determined according to the test procedure in appendix X1.

3.5 MANUFACTURER TRADE GROUPS

DOE recognizes the importance of trade groups in disseminating information and
promoting the interests of the industry that they support. To gain insight into the dehumidifier
industry, DOE researched various associations available to manufacturers, suppliers, and users of
such equipment. DOE also used the member lists of these groups in the construction of an
exhaustive database containing domestic manufacturers.

AHAM, formed in 1967, aims to enhance the value of the home appliance industry
through leadership, public education and advocacy. AHAM provides services to its members
including government relations; certification programs for room air conditioners, dehumidifiers
and room air cleaners; an active communications program; and technical services and research.
In addition, AHAM conducts other market and consumer research studies. AHAM also develops
and maintains technical standards for various appliances to provide uniform, repeatable
procedures for measuring specific product characteristics and performance features.

3.6 MANUFACTURER INFORMATION

The following section details information regarding domestic manufacturers of
dehumidifiers, including estimated market shares (section 3.6.1), industry mergers and
acquisitions (section 3.6.2), potential small business impacts (section 3.6.3), and product
distribution channels (section 3.6.4).

¢ For more information, please visit www.aham.org.
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3.6.1 Manufacturers and Market Shares

The majority of residential dehumidifiers are manufactured overseas by three original
equipment manufacturers (OEMs). These products are then imported to the United States and
sold under a variety of brands belonging to both appliance manufacturers and importers.
Additionally, some foreign OEMs sell dehumidifiers directly into the U.S. market under their
own brands.

For residential dehumidifiers, DOE estimates that there are approximately 25 entities
selling dehumidifiers in the United States, 17 of which sell portable dehumidifiers. The
remaining 8 entities sell whole-home dehumidifiers. Table 3.6.1 lists these manufacturers and
importers.

Table 3.6.1 Residential Dehumidifier Original Equipment Manufacturers and Importers

Portable Dehumidifiers Whole-Home Dehumidifiers**
Desert Aire* Aprilaire*

Gree Electric Appliances Inc. of Lennox

Zhuhai/SoleusAir*

Hisense Kelon Electrical Holdings Limited* Munters*

Haier America Trading LLC* NovelAire*

LG Electronics, Inc.* Therma-Stor*

Midea USA Inc.* Williams Furnace Company*
Therma-Stor* The General Filters, Inc.
Crosley Healthy Air & Water Systems LLC
Danby Products Inc.

De'Longhi America

Friedrich Air Conditioning Co.

GE Appliances

Heat Controller

Oscar Air

Osram Sylvania

Perfect Aire LLC

Whynter LLC

* Original equipment manufacturers
**Some of these manufacturers and importers also sell high-capacity portable dehumidifiers with construction
similar to that of their whole-home products.

Using publicly available data, DOE estimated the market shares of entities responsible
for the sale of residential portable dehumidifiers in the United States. DOE estimates that over 50
percent of residential portable dehumidifier market share is held by Midea USA, Inc.’,

4 The U.S. division of Guangdong Midea Electric Appliances Co. Ltd., based in China.
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De'Longhi America®, Danby Products Inc., and GE Appliances. Figure 3.6.1 illustrates the
estimated market shares for the residential portable dehumidifier market in the United States.

Other, 22%

Figure 3.6.1 Estimated U.S. Market Share for Residential Portable Dehumidifiers

The majority of the whole-home dehumidifier segment is held by Therma-Stor LLC and
Aprilaire (Research Products Corporation). Other producers of whole-home dehumidifiers
include Munters, NovelAire, and Williams Furnace Company.

3.6.2 Mergers and Acquisitions

As described in Section 3.6.1, the major manufacturers and importers of residential
dehumidifiers sold into the U.S. market include Midea, Gree, Haier, De’Longhi S.p.A., Danby
Products Limited, and GE Appliances.

Recent merger and acquisition activities relating to the U.S. residential dehumidifier
market include the joint venture formed between Chinese manufacturer Gree and U.S.-based
SoleusAir in 2011, which led to the creation of Gree USA, headquartered in City of Industry,
CA. Gree USA manufactures its own brands of HVAC products and OEM private labels, and
sells directly to wholesalers. This collaboration has opened the way for Gree to have a presence
in the United States.' Also in 2011, LG Electronics acquired LS Mtron’s Air-Conditioning unit,
and in November 2012, Corinthian Capital Group acquired Friedrich Air Conditioning Co. from
U.S. Natural Resources Inc.” Finally, in September of 2014, Electrolux bought GE’s appliances

¢ The U.S. division of De’Longhi S.p.A., based in Italy.
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business for $3.3 billion. This move will double Electrolux’s annual appliance sales in North
America, to over $10 billion.’

3.6.3 Small Business Impacts

DOE considers the possible impact of energy conservation standards on small businesses.
The products covered by this rulemaking are classified under the North American Industry
Classification System (NAICS) codes 333415: Air-Conditioning and Warm Air Heating
Equipment and Commercial and Industrial Refrigeration Equipment Manufacturing and 335210:
Small Electrical Appliance Manufacturing. The Small Business Association (SBA) defines a
small business as a company that has fewer than 750 employees for both NAICS codes. The 750-
employee threshold includes all employees in a business’s parent company and any other
subsidiaries. Using this classification in conjunction with information from industry databases,
the SBA member directory, and reports from vendors such as Dun & Bradstreet, DOE has
identified five small business manufacturers which are based in the United States and produce
one or more of the covered products. Further analysis of potential impacts on this manufacturer
subgroup can be found in section VI.B of the NOPR notice and chapter 12 of this NOPR TSD.

3.6.4 Distribution Channels

Understanding the distribution channels through which residential dehumidifiers are sold
is an important facet of the market assessment, because it helps to define the constraints or
motivators manufacturers face from its customer base. DOE gathered information regarding the
distribution channels for dehumidifiers from publicly available sources, as well as from
preliminary interviews with manufacturers.

Because major OEMs of residential dehumidifiers are based overseas, the distribution
channel for portable dehumidifiers is often multi-tiered. Typically, foreign OEMs sell their
products to a sourcing company with a greater U.S. presence, which in turn sells the products to
retailers. For a segment of the market, OEMs sell their products under their own brands either to
distributors or directly to retailers. In either arrangement, these retailers include large discount
stores, home improvement stores, and department stores, and to a lesser extent independent
appliance retailors, internet retailers, membership warehouse clubs, electronics stores, and office
supply stores.* The AHAM 2003 Fact Book reports that home improvement stores claimed
nearly one out of every four dollars spent on appliances in 2003.”

The distribution channel for whole-home dehumidifiers differs from that of the portable
dehumidifiers. The majority of whole-dehumidifiers are sold directly to home builders or
contractors, as they are intended to be integrated into a residence’s HVAC system, and as such
require system design and more complex installation.

3.7 REGULATORY PROGRAMS

The following section details current regulatory programs mandating energy conservation
standards for dehumidifiers. Section 3.7.1 discusses Federal energy conservation standards, and
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section 3.7.2 reviews standards in Canada that may impact the companies servicing the North
American market.

3.7.1 Federal Energy Conservation Standards

On August 8, 2005 EPACT 2005 established energy conservation standards for several
residential and commercial products, including residential dehumidifiers. Section 135(c)(4) of
EPACT 2005 amends section 325 of EPCA, 42 U.S.C. 6295, to add subsection (cc) for
dehumidifiers. This subsection establishes energy conservation standards for dehumidifiers based
on the unit’s EF measured in liters (L) of water removed per kilowatt-hour (kWh) for product
classes based on the unit’s capacity to extract moisture from the surrounding air (in pints/day).
These Federally mandated standards took effect for dehumidifiers manufactured after October 1,
2007. Table 3.7.1 provides the EPACT 2005 standards for residential dehumidifiers.

Table 3.7.1 Energy Conservation Standards for Residential Dehumidifiers Established by

EPACT 2005
Dehumidifier Capacity Standards Eg;cz\;é I/(;;)tober 1, 2007
25.00 pints/day or less 1.00
25.01-35.00 pints/day 1.20
35.01-54.00 pints/day 1.30
54.01-74.99 pints/day 1.50
75.00 pints/day or more 2.25

In addition, EPACT 2005 required that DOE issue a final rule for dehumidifiers to
determine whether these standards should be amended by October 1, 2009. (EPACT 2005,
section 135(c)(4)). In the event that DOE did not publish a final rule, EPACT 2005 specified a
new set of amended standards with a compliance date of October 1, 2012. (/d.)

DOE issued an advance notice of proposed rulemaking (ANOPR) to consider energy
conservation standards for dehumidifiers and other products (hereafter referred to as the “2007
ANOPR”). 72 FR 64432 (Nov. 15, 2007). EISA 2007 subsequently amended section 325(cc) of
EPCA to prescribe new energy conservation standards for dehumidifiers manufactured on or
after October 1, 2012. DOE codified the EISA 2007 standards at 10 CFR 430.32(v)(2). 74 FR
12058 (Mar. 23, 2009). Table 3.7.2 summarizes the October 1, 2012, standards prescribed by
EISA 2007.
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Table 3.7.2 Energy Conservation Standards for Residential Dehumidifiers Established by

EISA 2007
Dehumidifier Capacity Standards Eg;cz\;]e{ I/(;;)tober 1, 2012
35.00 pints/day or less 1.35
35.01-45.00 pints/day 1.50
45.01-54.00 pints/day 1.60
54.01-75.00 pints/day 1.70
75.01 pints/day or more 2.50

EPCA also requires that, not later than 6 years after the issuance of a final rule
establishing or amending a standard, DOE publish a NOPR proposing new standards or a notice
of determination that the existing standards do not need to be amended. (42 U.S.C. 6295(m)(1))

3.7.2 Canadian Energy Conservation Standards

Canada’s Energy Efficiency Regulations (hereafter “Canada’s Regulations”) mandate
minimum energy conservation standards for dehumidifiers. Canada’s Regulations refer to
CAN/CSA-C749-07 (2007), “Performance of Dehumidifiers,” for determining compliance with
Canada’s Regulations.f Canada’s Regulations are comparable to DOE standards effective as of
October 1, 2012, except capacity is expressed in terms of liters/day instead of pints/day, as seen
in Table 3.7.3.

Table 3.7.3 Canadian Regulations for Residential Dehumidifiers

Dehumidifier Capacity Regulations Egifc(zi/\]/{e I/g)ctober 1,2012
16.6 liters/day or less 1.35
16.6 — 21.3 liters/day 1.50
21.3 —25.5 liters/day 1.60
25.5 —35.5 liters/day 1.70
Greater than 35.5 liters/day 2.50

" For more information, please visit: http.//oee.nrcan.ge.ca/regulations/products/14452.
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3.8 VOLUNTARY PROGRAMS

DOE reviewed several voluntary programs promoting energy efficient appliances and
found that ENERGY STAR is the primary voluntary program that establishes energy efficiency
criteria for dehumidifiers in the United States. 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, exhibit selected
energy-saving features. The ENERGY STAR program works to recognize the top quartile of
products on the market, meaning that approximately 25 percent of products on the market should
meet or exceed the ENERGY STAR levels. ENERGY STAR specifications exist for several
products, including dehumidifiers.

On October 1, 2012, the current ENERGY STAR dehumidifier qualifying criteria
became effective. The ENERGY STAR criteria divide products into two classes: less than 75
pints/day and greater than or equal to 75 pints/day, as measured by appendix X. The efficiency
qualification criteria are listed in Table 3.8.1.

Table 3.8.1 ENERGY STAR Qualifying Criteria for Dehumidifiers

Qualification Criteria Effective October 1,
Dehumidifier Capacity 2012
EF (L/kWh)
Less than 75 pints/day 1.85
75 pints/day or greater 2.80

3.9 HISTORICAL SHIPMENTS

Awareness of annual product shipment trends is an important aspect of the market
assessment and in the development of the standards rulemaking. DOE reviewed data collected by
the U.S. Census Bureau and AHAM to evaluate dehumidifier shipment trends and the value of
these shipments. Knowledge of such trends will be used during the shipments analysis (chapter 9
of this NOPR TSD).

3.9.1 Unit Shipments

AHAM’s 2005 Fact Book provides annual unit shipments for dehumidifiers from 1995 to
2005. In response to a data request, AHAM provided additional shipment information for 2006
through 2011. Table 3.9.1 presents the annual shipments of dehumidifiers for the 17-year period
from 1995 to 2011. The complete AHAM data submittal is included in appendix 3A of this TSD.



Table 3.9.1 Industry Shipments of Dehumidifiers (Domestic and Import)

6,7,8

Shipments
Year (Thousands)
2013 1,385
2012 1,168 2250
2011 1,368
2010 1,552 2000 A
2009 1,700 — 1750
2008 1,558 E / \ / \‘/’\‘
2007 2,004 3 1500 ¥
2006 1,456 E o / \ 7
2005 1,957 -~ / ¥4
2004 1,672 5 1000
2003 1,311 £ ;; ' \ (
2002 799 g 750
2001 806 S o
2000 975
1999 950 250
1998 1,031
1997 820 0 ' ' ' ' ' ' ' ' !
1996 977 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013
1995 1,003

In its data submittal, AHAM also provided capacity-specific shipment data for

dehumidifiers. Table 3.9.2 presents a breakdown of the shipments of units greater than 35
pints/day and less than 35 pints/day, as measured by appendix X, from 1999 to 2011. DOE notes
that Federal energy conservation standards took effect in 2007, and ENERGY STAR
qualification criteria took effect in both 2006 and 2008. The implementation of these programs
could have caused some of the year-to-year variation in shipments observed during that time

period.
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Table 3.9.2 Dehumidifier Capacity-Specific Shipments (Domestic and Import)’

Shipments
(Thousands)
Less than | More than 1750

35 35
Year | pints/day | pints/day — 1500
2011 384 984| E /'\ /l\
2010 409 1,143 £ 1250 ;
2009 472 .27 & /-/ 4 v\.\r
2008 527 1,031 g 1% /i
2007 603 1401 & .,
2006 395 1,061| E ./u A
2005 406 1,551 £ soo
2004 584 1,089 S H*/ \—//\\....
2003 353 958| = 250
2002 236 563
2001 260 545 0 ! ! ! ! ; ; !
2000|281 % 1508 D P T I, e et
1999 294 656

a) ENERGY STAR criteria (effective June 1, 2008)
b) ENERGY STAR criteria (effective October 1, 2006)

3.9.2 Value of Shipments

Table 3.9.3 provides the value of shipments for the manufacturers in the NAICS category
of small electric household appliances excluding fans (product class code 3352114) from 2003 to
2010. The values are based on data from the U.S. Census Bureau’s Current Industrial Reports®
(CIR) and Annual Survey of Manufacturersh (ASM). This NAICS category includes companies
primarily engaged in manufacturing small electric household appliances such as coffee makers,
toaster ovens, portable room heaters, mixers, air purifiers, food processors, and portable
dehumidifiers. The U.S. Census Bureau reports all shipment values in nominal dollars, i.e., 2010
data are expressed in 2010 dollars and 2009 data are expressed in 2009 dollars. Using the Gross
Domestic Product Implicit Price Deflator (GDPIPD) published by the U.S. Bureau of Economic
Analysis', DOE converted each year’s value of shipments to 2013 dollars.

¢ Available online at www.census.gov/manufacturing/cir/index.html
%‘ Available online at www.census.gov/manufacturing/asm/index.html
' Available online at www.bea.gov/itable/
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Table 3.9.3 Annual Shipment Value of Small Electric Household Appliancesm’ 11,12,

Annual Shipment Value
(8 millions)

Year 1\11)0(:;;::21 D?)(l]lla?’rs i:{; _
2011 1,043 1,078 Lqﬂg
2010 1,107 1,167 1,700
2009 1,337 1,427 § 1,000
2008 | 1,098 1,181 § 800
2007 | 1,115 1,223 800
2006 | 1,206 1,358 "
2005 | 1,338 1,552 o
2004 1’254 19502 nﬂ!}.!ﬂ 2004 2006 2008 2010 2012
2003 1,080 1’329 —a— Mominal Dallars —m—2013 Dollars

Table 3.9.4 provides the annual shipment value for the NAICS product class for “Small
Electromechanical Household Appliances” (product class code 3352114150), which includes
cordless household food preparation appliances, portable dehumidifiers, air purifiers, and other
small appliances, from 2006 to 2010 based upon data from the U.S. Census Bureau’s CIR and
ASM. The U.S. Census Bureau shipment values are expressed in nominal dollars. DOE used the
GDPIPD to convert each year’s value of shipments to 2013 dollars.

Table 3.9.4 Annual Shipment Value of Small Electromechanical Household
13, 14, 15, 16, 17

Appliances

Annual Shipment

Value (8 millions)
Year Nominal | 2013 a00
Dollars | Dollars 8O0
2010 632 666 ik
500
2009 | 653 697 | £%0
=400
2008 558 600 e
200
2007 595 652 “*g

2O PN ] 2007 JUE 2009 2010 F i
2006 731 823 —g=—Nominal Dollars == 2013 Daollars

Table 3.9.5 provides the annual shipment value for the NAICS product class for “air-
conditioning and warm air heating equipment and commercial and industrial refrigeration
equipment manufacturer” (product class code 333415), which includes various air-conditioning
equipment, refrigerated drinking fountains, whole-home humidifying equipment, and whole
home dehumidifiers, and others from 2007 to 2011 based upon data from the U.S. Census
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Bureau’s CIR and ASM. The U.S. Census Bureau shipment values are expressed in nominal
dollars. DOE used the GDPIPD to convert each year’s value of shipments to 2013 dollars.

Table 3.9.5 Annual Shipment Value of Air Conditioning Equipmentls’ 19, 20, 21
Annual Shipment
Value (§ millions)
Nominal | 2013 35,000
Year Dollars | Dollars
PAEE. ."——‘\ﬂ\;::ﬁ::;'
2011 | 28,407 | 29,348 25,000
2010 | 26,823 | 28,284 | 3%
Eﬁ.ﬂ-l".l'.l -
2009 | 25,688 | 27,418 10,000
5,000 -
2008 | 28,774 | 30,945
o
2008 2007 2008 2009 010 2011 2012
2007 28,939 31,733 == Nominal Dollars  =f=2013 Dollars

According to data presented in the AHAM 2003 Fact Book, many old appliances are still
being used after consumers purchase new units of same product. Table 3.9.6 presents the various
methods by which consumers dispose of their older dehumidifiers.

Table 3.9.6 Disposition of Previous Dehumidifiers*:

Left with Sold / Recycling Left at Retailer
Product Kept It Previous Gave Facility Curb for Took
Home Away Disposal Away
Dehumidifiers 18% 14% 23% 13% 24% 4%

3.10 MARKET SATURATION

AHAM’s 2005 Fact Book and the January 2010 Appliance Market Research Report
present the market saturation for dehumidifiers. The market saturation of dehumidifiers has
gradually increased and doubled since 1982. However, from 1990 through 2001 the market
saturation decreased by 2 percent. For the 6 years from 2003 through 2008, the market saturation
remained constant at around 20 percent. Table 3.10.1 presents the percentage of U.S. households
with dehumidifiers.
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Table 3.10.1 Percentage of U.S. Households with Dehumidifiers>>2*

Year | 7 of US.

Households
2008 19 s
2007 19 u
2006 20 2 20%

3 .ﬂ"’-"‘\_
2005 20 3 e
2004 20 v /
2003 19 2 10%
2002 16 B oo
2001 15 k:
1990 17 0% ' ; i ! ' !
1980 1985 1990 1995 2000 2005 2010

1982 11

3.1 PRODUCT RETAIL PRICES

For the preliminary analysis, DOE used the DOE Compliance Certification Management
System (CCMS)’ database, along with the California Energy Commission (CEC)k and ENERGY
STAR' product databases, to identify a total of 214 portable and whole-home models of
residential dehumidifiers on the market in the United States at that time, which encompassed 56
different brands. DOE collected consumer retail price data for these products from the websites
of seven types of retailers: home improvement stores, discount retail stores, discount department
stores, national office supply stores, national hardware stores, manufacturer websites, and online
appliance retailers.

Figure 3.11.1 and Figure 3.11.2 summarize the data collected by DOE. These figures
suggest that retail price is positively related to capacity for both portable and whole-home
dehumidifiers. The consumer retail prices for portable dehumidifiers™ ranged from $128 to $410,
with an average of $240 (this is the average across all portable models and does not reflect the
shipment-weighted average). Portable dehumidifiers are available with capacities ranging from
30 pints/day to 71 pints/day,"” as measured by the current dehumidifier test procedure, with an
average capacity of 52 pints/day.

The consumer retail prices for whole-home and high-capacity portable (greater than 75
pints/day capacity) dehumidifiers ranged from $1,000 to $5,499, with a model-based average of
$1,979. Whole-home and high-capacity portable units range in capacity from 61 pints/day to 205
pints/day, with an average of 112 pints/day.

J For more information, please visit www.regulations.doe.gov

¥ CEC appliance efficiency database available online at: http.//www.energy.ca.gov/appliances/database/.

"ENERGY STAR database available online at http.//www.energystar.gov/productfinder/product/certified-
dehumidifiers/results

™ High-capacity portable dehumidifiers (rated capacities greater than 75 pints/day) are excluded from these statistics.
" A 74 pint/day portable unit is also commercially available, but was excluded as an outlier from this retail price
summary.
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Figure 3.11.1 Portable Residential Dehumidifier Retail Price versus Capacity
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Figure 3.11.2 Whole-Home and High-Capacity Portable Residential Dehumidifier Retail
Price versus Capacity
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Other factors besides capacity and product type, such as efficiency, ENERGY STAR
rating, and retailer, also may impact residential dehumidifier price.

3.12 INDUSTRY COST STRUCTURE

DOE developed the cost structure for two industry classifications associated with the
residential dehumidifier industry from publicly available information from the ASM and
Economic Census and the U.S. Securities and Exchange Commission (SEC) 10-K reports filed
by publicly-owned manufacturers. Table 3.12.1 presents the small electrical appliance
manufacturing industry (NAICS code 33521) employment levels and earnings from 2002-2011.
The statistics illustrate a steady decline in the number of production and non-production workers
in the industry since 2002, except during the period from 2005 to 2007 in which there was a
slight increase.

DOE converted the payroll data to constant 2013 dollars using the GDPIPD published by
the U.S. Bureau of Economic Analysis®. Table 3.12.1 shows that as industry employment levels
decline, the industry payroll in constant 2013 dollars also decreases from 2002 to 2011, with a
slight rebound from 2005 to 2007. The percent decrease in total industry employees tracks
relatively closely with the percent decrease (increase) in payroll for all employees.

Table 3.12.1 Small Electrical Appliance Manufacturing Industry Employment and

Earnings25
Total
Year Production All Payroll 20,000 $1,500
Workers | Employees (20{3 3 18,000 +—— | 1300
Mii) 16,000
2011 5,713 7,619 348 14000 R
2010 6,383 8,536 385 $ 12,000 w3
2009 7,609 10,072 434 £ 10000 500 §
2008 9,905 12,809 546 s 8000 - S s 3
= =
2007 10,816 13,502 577 6,000 g
- $300
2006 9,870 12,715 533 4,000
2005 9,680 13,297 538 2,000 o
2004 11,770 15,533 636 0 $(100)
2003 12 682 16 752 685 2002 2004 2006 2008 2010
2 2 AllEmployees =fl=Production Workers =ll=Total Payroll
2002 14,293 18,781 761

Table 3.12.2 presents the employments levels and payroll for NAICS code 333415,
corresponding with “air-conditioning and warm air heating equipment and commercial and
industrial refrigeration equipment manufacturing”?, which includes whole-home dehumidifiers.

° Available online at http://www.bea.gov/national/nipaweb/SelectTable.asp
P Four out of five small business manufacturers identified and discussed in section 3.6.3 of this chapter are classified
under this NAICS code.
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Both employment and earnings statistics show a decline between 2007 and 2009 with levels
remaining largely flat thereafter through 2011.

Table 3.12.2 Air-Conditioning and Warm Air Heating Equipment Manufacturing Industry
Employment and Earnings26

Total
Year Production All Payroll 120000 100m
Workers | Employees | (2013 § _— .
Mil) ! o -
2011 62,009 83,969 $3,764 f i -—1—-—_.\_\r T lew .;.
G000 —a— a
] —— 5
2010 61,380 83,054 $3,979 3 —~———y =1
2009 60,041 86,454 $3,913 ' s
2008 | 70,787 96,610 $4,324 .
2007 | 74728 101,485 | $4.423 - - - o
2006 | 74,909 102,354 $4,525 T, e, e e
2005 76,011 98,097 $4,423

Table 3.12.3 presents the costs of materials and industry payroll as a percentage of value
of shipments from 2002-2011 for the small electrical appliance manufacturing industry. The cost
of materials as a percentage of value of shipments has remained fairly constant over the 10-year
period, with some notable fluctuations, particularly an increase from 2002 to 2003 and a decrease
between 2008 and 2010. DOE notes that fluctuations in raw material costs are common from
year to year. The payroll for both production and non-production workers as a percentage of
value of shipments has remained relatively stable since 2002.

Table 3.12.3 Small2Electrical Appliance Manufacturing Industry Materials and Wages
Cost”’

Cost as a Percentage of Value of )
Shipments (%) 1o0%
Payroll for | Payroll for 90%
Year | Materials | Production | All Other 80%
Workers | Employees g o
2011 | 53% 7% 5% “
2010 | 49% 6% 5% 7 o
2009 | 51% 6% 5% g
2008 54%, 7% 50 0%
2007 55% 8% 50, : 30%
2006 | 54% 8% 5% " 20%
2005 53% 7% 5% 10%
2004 52% 7% 5% 0%
2003 52% 8% 5% 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
2002 47(y 80/ S(V B Materials Payroll for Production Workers  [Payroll for All Other Employees
0 (1] 0
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Table 3.12.4 shows the cost of materials and industry payroll as a percentage of value of
shipments for the air-conditioning and warm air heating equipment and commercial and
industrial refrigeration equipment manufacturing industry from 2005-2011. Material prices as a
percentage of value of shipments have remained relatively constant over the 5-year period, with
fluctuations from year to year. The cost of payroll for production workers as a percentage of
value of shipments has decreased slightly since 2005. Finally, the cost of non-production payroll
has remained relatively constant over the 7-year period, with fluctuations from year to year. DOE
notes that, overall, wages and cost of materials combined represent approximately the same
percentage of the total shipments value for the air-conditioning and warm air heating equipment
industry and for the small electrical appliance industry.

Table 3.12.4 Air-Conditioning and Warm Air Heating Equipment Manufacturing Industry
Materials and Wages Cost™®

Cost as a Percentage of Value of
Shipments (%5)

Payroll for | Payroll for "

Year | Materials | Production | All Other E
Workers | Employees j

2011 55% 8% 5% i
2010 53% 8% 6% E
2009 55% 8% 6% g
2008 55% 8% 5% -
2007 56% 8% 5% :
2006 53% 9% 5% puiis] paii i pii ] it 200 Foirh
2005 54% 9% 5% B haberiak  Puyrell b Production Wodsses 0 Paynol Tor Al Oher Empleyees |

Table 3.12.5 presents the industry cost structure derived from SEC 10-K reports of
publicly-owned dehumidifier manufacturers. DOE averaged the financial data from 2006-2012
of U.S.-based appliance manufacturers to obtain an industry average. Each financial statement
entry is presented as a percentage of total revenues.

Table 3.12.5 Industry Cost Structure Using SEC Data, Average 2006-2012

Financial Statement Entry Percent of
Revenues
Cost of sales 71.7%
EBIT 7.5%
Selling, general and administrative 20.9%
Capital expenditure 2.7%
Research and development 1.3%
Depreciation and amortization 2.5%
Net plant, property and equipment 13.4%
Working capital 11.28%

A detailed financial analysis is presented in the manufacturer impact analysis (MIA,
chapter 12 of this NOPR TSD). This analysis identifies key financial inputs including cost of
capital, working capital, depreciation, capital expenditures, etc.
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3.13 INVENTORY LEVELS AND CAPACITY UTILIZATION RATES

Table 3.13.1 and Table 3.13.2 show the year-end inventory for the small electrical
appliance manufacturing and air-conditioning and warm air heating industries, according to the
ASM. The trend in the value of end-of-year inventory in dollars for the small electrical appliance
industry was relatively variable between 2005 and 2011, notably increasing 34 percent from
2006 to 2007, and decreasing 22 percent between 2008 and 2009. The decrease in inventories of
small electrical appliance manufacturers from 2007 to 2009 aligns with the end of the 2007 to
2009 recession, and was likely a reaction to the decline in new orders during that period. From
2005 to 2011, inventories as a percentage of the value of shipments tracked ending inventories
fairly closely until 2009, when it began to increase steadily, indicating that small electrical
appliance shipments have decreased in recent years. For the air-conditioning and warm air
heating equipment manufacturing industry, the value of the end-of-year inventories was less
volatile than that for the small electrical appliance manufacturing industry, increasing from 2005
to 2007 and decreasing from 2007 to 2011. Inventory as a percentage of the value of shipments
followed a similar trend, increasing from 2005 to 2007 and decreasing thereafter.

Table 3.13.1 Small Electrical Appliance Manufacturing Industry Inventory Levels®

EOY SI00) 1
End-of-Year | inventory as
Year | Inventory % of E 000 - g Bt
(2013 $ Mil) | Shipments - \&:x-"’ i §
Value % | — —h— | §
2011 424 14.1% - —_—
E .
2010 457 13.0% | B - é
2009 457 11.4% E 200 w |
2008 583 13.1% _; - 3
2007 586 13.2% ; .
2006 436 105% 25 ST HE Jinl g
2005 439 99% == PO Irrvenionry = N od Shipmeenis Vaer
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Table 3.13.2 Air-Conditioning and Warm Air Heating Equipment Manufacturing Industry

Inventory Levels®’

End-of- EOY 54,000
Year inventory ‘g 10%
Year | Inventory | as % of 2 300 - @
(2013 $ | Shipments in $3,000 — E
Mil) Value 8 $2,500 =
2011 | 2,667 9% T 5200 s
2010 2,775 9% E $1,500 - 4% c:;
2009 | 2,888 10% 5 5100 2
2008 | 3277 10% £ s B
2007 3,523 11% 2 — — ‘ 0%
2006 3 458 1 1% = 2005 2007 2009 2011
2005 3’307 10% =d—EOY Inventory  =—=9% of Shipments Value
, 0

DOE obtained full production capacity utilization rates from the U.S. Census
Bureau’s Survey of Plant Capacity from 2004-2006. After 2006, the Census
Bureau discontinued this survey, and began a new Quarterly Survey of Plant
Capacity Utilization. However, this survey does not collect utilization data
beyond the 4 digit NAICS codes for the “all household appliances”® and
“ventilation, heating, air-conditioning, and commercial refrigeration equipment™
industries. Table 3.13.3 presents utilization rates for these umbrella industries.

Full production capacity is defined as the maximum level of production an
establishment could attain under normal operating conditions.® In the Survey of’
Plant Capacity reports, the full production utilization rate is a ratio of the actual
level of operations to the full production capacity. The full production utilization
rate for all household appliances shows fairly steady utilization between 74 and
77 percent from 2004 through 2007, with a significant decrease to less than 60
percent from 2008 through 2009, and then a partial rebound from 2010 to 2012.
Plant capacity utilization for ventilation, heating, air-conditioning, and
commercial refrigeration manufacturers reached a peak in 2008, at 67 percent,
and hit a low of 55 percent in 2012.

9“All Home Appliances™ is the umbrella NAICS category 3352 that includes NAICS code 33521 for “Small
Electrical Appliances.”

" “Ventilation, heating, air-conditioning, and commercial refrigeration equipment” is the umbrella NAICS category
3334 that includes NAICS code 333415 for “air-conditioning and warm air heating equipment and commercial and
industrial refrigeration equipment.”

* For more information, please visit: http:/www.census.gov/manufacturing/capacity/definitions/index.html
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Table 3.13.3 Full Production Capacity Utilization Rates®"*

Plant Capacity Utilization Rates (%)
All Ventilation, heating, air-
Household conditioning, and
Year . . . .
Appliances | commercial refrigeration
equipment mfg.
2012 65% 55%
2011 62% 60%
2010 64% 60%
2009 58% 60%
2008 59% 67%
2007 76% 66%
2006 77% 62%
2005 74% 66%
2004 76% 61%

9%

8%

1%

60f%

50

A%

30

20%

Plant Capacity Utilization Rate

108

0%
2004 2006 2008 2010 2012

== All House hold Appliances

—ir—Ventilation, heating, air-conditioning, and commercial refrigeration equipment mfg.

3.14 TECHNOLOGY ASSESSMENT

This section provides a technology assessment for dehumidifiers. Contained in this
technology assessment are details about product characteristics and operation (section 3.14.1), an
examination of possible technological improvements (section 3.14.2), and a characterization of
the product efficiency levels currently commercially available (section 3.14.3).

3.14.1 Dehumidifier Operations and Components

Dehumidifiers are refrigeration-based appliances that enable homeowners to reduce
indoor relative humidity (RH). RH is defined as the amount of water vapor present in the air
compared to the maximum amount of water vapor the air can hold at that temperature. A
desirable indoor RH is typically between 30 and 60 percent.

Dehumidifiers contain refrigeration systems that remove latent heat, and therefore
moisture, from ambient air. Components of the refrigeration system include an evaporator, an
expansion valve or capillary tube, a condenser, and a compressor.

Refrigeration-based dehumidifiers operate as follows:
A circulating fan draws air into the dehumidifier via an intake vent, or in the case of
whole-home dehumidifiers, via an inlet air duct, typically in the front or on the sides

1.

of the unit;

The air is pulled across an evaporator heat exchanger that is cooled by an electrically-
powered vapor compression refrigeration system,;

The evaporator cools the air, and moisture from the air condenses on the surface of
the evaporator and drips either into a bin or out a drain; and
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4. The drier air is then typically pulled over a warm condenser heat exchanger and exits
the dehumidifier via an outlet grille, or in the case of whole-home dehumidifiers, via
an outlet air duct, typically on the top or sides of the unit.

This process is illustrated in Figure 3.14.1.

Expansion
Evaporator Condenser
Humid Air Dry Air
ﬁ ﬁ
Fan
Condensate /\//\>\
Bin N Compressor

Figure 3.14.1 Dehumidifier Operation Schematic

When the surface temperature of the evaporator is lower than the dew point of the air
passing over it, the removal of latent heat occurs through condensation. All residential portable
dehumidifiers are equipped with an automatic shut-off function that halts operation of the device
once the condensate collection tank is full. They may also include a direct drain hose connection
and occasionally an internal pump for direct drainage of condensate into a sump pump or floor
drain. Whole-home dehumidifiers typically only include a direct drain hose connection and no
internal condensate collection tank. This allows for continuous operation without the need for
user intervention to periodically empty the condensate collection tank.

There is a wide scope of control strategies, ranging from simple on/off mechanical
humidistats and single-speed fans to electronic controllers that use multiple sensors, liquid-
solenoid controls, and other devices to maximize unit performance. All dehumidifiers sense the
evaporator coil or liquid line temperature to prevent icing, though some units may include
sensors in multiple locations to avoid ice accumulation.

The electrically-powered components of the refrigeration-based dehumidifier system

include the fan motor, the compressor that powers the refrigeration system, any electronic
sensors or controls, and a (optional) built-in sump pump or similar accessory.
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3.14.2 Dehumidifier Technology Options

In order to gain a deeper understanding of the technological improvements used to
increase the efficiency of dehumidifiers, DOE identified several possible technologies and
examined the most common improvements used in today’s market.

DOE identified design options to improve dehumidifier efficiency during the preliminary
analysis. DOE relied on previous rulemaking TSDs and information gathered during testing and
teardowns to develop the list of technology options. DOE again considered these technology
options in this NOPR analysis. For more details on the reverse-engineering teardown activities,
see chapter 5 of this NOPR TSD.

The technology options for dehumidifiers are listed in Table 3.14.1. They are features
that can be incorporated into the design of a dehumidifier to improve its efficiency. Based on
product literature research, stakeholder interviews, and teardown analysis, DOE has identified
compressor, heat exchanger, and fan motor improvements as the most common ways by which
manufacturers may improve the energy efficiency of their dehumidifiers as measured by the
DOE test procedure.

Table 3.14.1 Technology Options for Dehumidifiers

1. Built-in hygrometer/humidistat

2. Improved compressor efficiency

3. Improved condenser and evaporator
performance

Improved controls

Improved defrost methods

Improved demand-defrost controls

Improved fan and fan-motor efficiency

Sl el F Rl P

Improved flow-control devices

9. Low-standby-loss electronic controls

10. Washable air filters

11. Pre-cooling air-to-air heat exchanger

12. Heat pipes

13. Improved refrigeration system insulation

14. Refrigerant-desiccant systems

Built-in hygrometer/humidistat

All portable dehumidifiers subjected to DOE teardowns featured some type of built-in
humidity controller. For all units in the teardown sample, DOE observed electronic controls, but
DOE is aware that certain units may still feature electromechanical humidistats. The humidistat
cycles the compressor and fan power supply as a function of relative humidity. Both electronic
and electromechanical controllers measure the expansion of a reference material as a function of
relative humidity. DOE notes that whole-home dehumidifiers are often designed to be used in
conjunction with a remote humidistat. The humidistat is placed in the portion of the home that
requires dehumidification, and cycles the whole-home dehumidifier compressor and fan power
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supply as needed. Although this control is external to the unit, DOE does not expect significant
differences in efficiency or operation when compared to the built-in controls on portable units.

Improved compressor efficiency

Most dehumidifier manufacturers incorporate rotary R-410A compressors into their units.
“Inertia” compressors, scroll compressors, and variable-speed compressors all have higher
efficiencies than the traditional rotary compressors used in dehumidifiers. However, finding a
suitable high-efficiency compressor at the capacities and price points needed for a dehumidifier
is a challenge.

The “inertia” compressor is a technology that allows reciprocating compressors to
approach an energy efficiency ratio (EER) of 12.0, where EER represents the cooling capacity in
Btu/hr divided by the input wattage of the compressor. “Inertia” compressors utilize lightweight,
responsive valve technology and an innovative refrigerant flow path to reduce losses and
improve cylinder volumetric efficiency.

Scroll compressors require high precision to produce their internal components and are
typically found in higher-efficiency central air-conditioning systems. Scroll compressors
compress gas in a fundamentally different manner from traditional compressors — between two
spirals, one fixed and one nutating. Scroll compression is inherently more efficient than
traditional compression methods.

Both inertia and scroll compressors are, however, substantially larger, heavier, and
sometimes noisier than their rotary counterparts, and, as such, are not well-suited for use in
residential dehumidifiers.

Variable-speed compressors are typically implemented through the use of an electronic
control that varies the input frequency of the power supply for the compressor motor. Variable-
speed compressors enable modulation of the refrigeration-system cooling power beyond simple
on/off control, allowing the dehumidifier to better match the compressor power to the load,
increasing compression efficiency. Variable-speed compressor technology has not yet been
implemented in residential dehumidifiers, and it is therefore difficult to predict the energy
efficiency improvements that could be achieved through its use. However, DOE expects that a
variable-speed compressor in a dehumidifier could provide more precise control of the
evaporator coil temperature to ensure more efficient latent heat removal, especially at low
temperatures where ice buildup is prevalent.

Improved condenser and evaporator performance

Improving the overall heat transfer capability of the dehumidifier condenser and
evaporator coils would result in improved efficiency of the refrigeration system. DOE notes that
many factors contribute to heat exchanger performance, including size, number of fins, type of
fins, number of tube passes, etc. DOE notes that almost all dehumidifier models in its teardown
sample had similarly constructed heat exchangers with “slit” aluminum fins for more turbulent
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airflow, roughly 20 fins per inch, and internally-rifled copper tubing for optimized refrigerant
heat exchange, although the heat exchangers did vary in size from unit to unit.

Improved controls

Manufacturers have increasingly adopted digital controllers for dehumidifiers due to
consumer demand and because such controllers allow dehumidifiers to better respond to
changing environmental conditions. Unlike the snap-action switches and fixed-RH
electromechanical controllers they replace, digital controllers can measure multiple inputs and
respond to present conditions as well as trends.

Digital controllers can use varying approaches, from rigid decision trees to fuzzy logic.
During the reverse-engineering process, DOE observed that most electronic control boards were
purchased parts that had been mass-customized for the specific dehumidifier. One advantage of
digital controllers is the ease with which they can be reprogrammed, allowing a manufacturer to
use one control board for its entire dehumidifier line, yet optimize its responses per dehumidifier
model.

It is difficult to predict the amount of energy savings that could be achieved through the
implementation of improved controllers because the current DOE test procedure evaluates
continuous dehumidifier operation at constant ambient conditions.

Improved defrost methods

As the air drawn into the dehumidifier is cooled, water vapor condenses on the surface of
the evaporator coil. In some cases, typically when the ambient air is typically below 65 °F, this
water can freeze as it collects and form a growing layer of frost. The frost reduces cooling
performance by increasing the thermal resistance to heat transfer from the coil to the air and by
obstructing air flow. Both the method by which defrost is performed and control of the defrost
cycle can lead to substantial energy savings.

Many dehumidifiers incorporate defrost technology. In general, two types of defrost
mechanisms are available: passive defrost and active defrost. According to market research and
investigative testing, most dehumidifiers that feature defrost technology use active defrost. This
is especially true for dehumidifiers that are designed and marketed for low-temperature operation
(i.e., for use in basements).

Dehumidifiers using passive defrost or off-cycle mode monitor the temperature of the
evaporator and shut both the compressor and fan off if that temperature drops below the freezing
point of water. This is not technically “defrost,” as it actually prevents the formation of frost
rather than eliminating frost after it forms. It is, however, an effective method of preventing the
dehumidifier from operating under low-efficiency frosted conditions. This method is simple to
implement and incurs no additional energy expenditure.

Active defrost in dehumidifiers is conducted in one of three ways: fan-only defrost,
electric defrost, or hot-gas defrost.
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Fan-only defrost involves shutting off the refrigeration system while keeping the air-
circulation system running. The relatively warm ambient air melts the frost layer, and the
dehumidifier subsequently resumes operation. Fan-only defrost may allow much of the frozen
condensate to be reabsorbed into the ambient air as it melts, compromising the effectiveness of
the dehumidifier.

Electric defrost involves melting frost by briefly activating an electric resistance heater,
which is in contact with or near the evaporator. The heater melts frost quickly but consumes
significant energy. Hot-gas defrost uses the hot compressor discharge gas to warm the evaporator
from the refrigerant side. Electricity usage is reduced in comparison to the electric defrost
method; however, this method necessitates more complicated piping and control than electric
defrost systems. Neither of these defrost technologies were identified in dehumidifiers through
market research, and were not present in any units that were disassembled during DOE’s
teardowns.

Defrost methods are not currently captured as part of the DOE test procedures because
units are tested in dehumidification mode at 80 °F conditions where icing is unlikely to occur. At
the 65 °F test conditions, which DOE established in appendix X1, however, certain
dehumidifiers in DOE’s test sample exhibited operational patterns that were indicative of fan-
only defrost. For those units, actual energy savings will be a function of ambient conditions and
usage patterns.

Improved demand-defrost controls

In all active-defrost systems, control of the defrost cycle may lead to substantial energy
savings. Defrost-cycle control involves management of the initiation and termination of defrost
cycles, and thereby management of the frequency and duration of defrost cycles. Two different
defrost-cycle control designs are available: timer-controlled and temperature-sensor-controlled.

In a time-based defrost system, cycles are completely scheduled, and initiation and
termination are timer-controlled. Cycles are initiated at regular intervals and terminated after a
fixed amount of time or in response to low ambient temperatures. In these systems, cycle
frequency and duration are not responsive to actual frost conditions. Under timer control, the
frequency of defrost cycles is determined by the amount of time the manufacturer expects it to
take for a large frost layer to develop in the worst-case scenario, and the cycle duration is long
enough to ensure that the frost layer completely melts. Timer-based defrost can lead to
unnecessarily frequent and unnecessarily long defrost cycles under anything but worst-case
conditions.

Sensor-controlled defrost occurs as-needed based on evaporator coil temperatures.
Defrost cycles are initiated in response to freezing temperatures at the evaporator coil or other
area in the dehumidifier, and are terminated when the coil temperature reaches a value indicating
complete defrost. This type of defrost control saves energy relative to timer-controlled defrost by
varying cycle duration based upon defrost requirements. As with all defrost design options,
actual energy savings will be a function of ambient conditions and usage patterns.
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Improved fan and fan-motor efficiency

The air-circulation system of a residential dehumidifier usually consists of a permanent
split capacity (PSC) fan motor that drives either propeller-style blades or a tangential “squirrel
cage” fan. These motors run on line voltage and typically feature one or two speeds. Multiple fan
speeds are usually found on higher-end units. Some unit controllers can modulate fan speeds
(high/low) whereas less complex models utilize a user-set switch.

Dehumidifiers are typically built using product platforms, where one enclosure serves
multiple dehumidification capacities. As a result, the designers make tradeoffs to accommodate a
wide range of capacities (35 to 65 pints/day, for example) within a single enclosure. While
efficiency improvements could be achieved by optimizing fan blades for specific dehumidifier
models, such a design change would add complexity to the manufacturing process by requiring a
wider scope of fan blades to be stocked. Such steps would likely increase inventory, reduce fan
blade purchase volumes and hence manufacturers see this as a relatively costly design option in
relation to the efficiency benefit. Therefore, quantifying the efficiency improvements to the
dehumidifier’s air-circulation system is restricted to analyzing the efficiency improvements to
the fan motor only.

In a PSC motor, the start-up winding is electrically connected in parallel with the main
winding and in series with a capacitor. At start-up, the interactions between the magnetic field
generated by the start-up winding and that generated by the main winding induce rotation. As the
capacitor charges, the current flowing through the start-up winding decreases and the start-up
winding becomes an auxiliary winding after the motor reaches running speed. Consequently, the
current to the start-up winding is cut off once the capacitor is fully charged and the motor
reaches steady-state speed. Because of this, PSC motors are substantially more efficient than
their shaded-pole counterparts, with motor efficiencies ranging from 60 to 65 percent.> Like
shaded-pole motors, PSC motors are produced in large quantities and are relatively
inexpensive.**

Electric motors with even higher efficiencies can be implemented by switching to
permanent-magnet motors, which come in many varieties. The most widely-known variety is the
electronically-commutated motor (ECM)', though DC-motors can also be used. Permanent
magnet motors are less noisy and substantially more efficient than either shaded-pole or PSC
motors. ECM motors convert single-phase AC input power into three-phase power, and have
motor efficiencies approaching 80 percent.””> However, ECM motors can weigh twice as much as
equivalent PSC motors, potentially necessitating a redesign of the dehumidifier fan-motor
chassis. In addition, ECM motors are complex, are not currently produced in large volumes, and
can cost from 2.5 to 5 times as much as a PSC motor.

Improved flow-control devices

' Also known as brushless permanent magnet (BPM) motors or electronically-commutated permanent magnet
(ECPM) motors.
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Nearly all portable dehumidifiers use capillary-tube expansion valves for flow control.
The capillary-tube expansion valve is a pressure-reducing device that consists of a small-
diameter line that connects the outlet of the condenser to the inlet of the evaporator. It is
designed to provide optimum energy characteristics at one design point. If sized properly, the
capillary-tube expansion valve compensates automatically for load and system variations and
gives acceptable performance over a wide range of operating conditions. Because ambient
temperature and humidity vary, however, dehumidifiers sometimes operate under conditions
outside of the target conditions, leading to reduced efficiency.

The thermostatic expansion valve (TXV) — a flow-control alternative to the capillary
tube — is commonly used in higher-efficiency central air-conditioning systems. TXVs regulate
the flow of liquid refrigerant entering the evaporator in response to the superheat of the
refrigerant leaving it. TXVs can adapt better to changes in operating conditions such as those due
to variations in ambient temperature, which affect the condensing temperature. As a result, TXVs
can lead to a somewhat increased seasonal operating efficiency.

Electronic expansion valves (EEVs) are similar to TXVs, but unlike TXVs, they can be
actively controlled. While a TXV relies on a single temperature sensor for feedback, digital
controllers can use multiple sensors for feedback control and respond using multiple approaches.
For example, besides modulating the refrigerant flow, the controller may also vary the fan speed
to optimize efficiency under varying conditions. As with TXVs, EEVs can use the superheat
control method to regulate refrigerant flow. Other methods, such as controlling compressor
discharge temperature, can also be used.

During the reverse-engineering analysis, DOE did not observe any units with either
TXVs or EEVs. Given the cost of TXVs and EEVs, it is unlikely that manufacturers would
implement them in residential dehumidifiers. Additionally, because dehumidifiers are tested
during continuous operation under constant ambient conditions, the test procedure may not
capture efficiency gains associated with these technologies.

Low-standby-loss electronic controls

Electronic controls may consume power even when the dehumidifier is not performing its
intended function. Depending on the implementation of the controller, standby power is required
to enable the electronic controls to detect user input without the user first having to turn on a
mechanical power switch or to enable displays, illuminate switches, etc. Reducing the standby
power consumption of electronic controls will reduce the annual energy consumption of the
dehumidifier, but will not impact the energy consumption of the dehumidifier during operation in
dehumidification mode.

Washable air filters
The build-up of dust particles on the evaporator coil can lower the heat-transfer capability
of the component. To minimize this possibility, most dehumidifiers incorporate an air filter at the

air-intake vent. However, these filters can become clogged, obstructing air flow through the
dehumidifier and reducing system performance. To prevent this, most manufacturers design the
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air filters to be removable and washable, which allows the consumer to clean the air filters on a
regular basis. It is difficult to predict the amount of energy savings that could be realized with the
addition of washable air filters, as it is dependent on the specific dehumidifier model and use
characteristics, and on the degree to which the consumer takes advantage of this feature.
Additionally, efficiency testing is often conducted on new dehumidifiers, so there would be
likely be no clear efficiency impact due to dust build up in either the evaporator or in the air
filter.

Pre-cooling air-to-air heat exchanger

The efficiency of a refrigeration-based dehumidification system may be increased by pre-
cooling air prior to the evaporator inlet. With pre-cooled inlet air, the refrigeration system may
consume less energy to maintain the proper evaporator temperature while removing additional
condensate from the air. DOE found that many high-capacity dehumidifiers (greater than 75
pints/day) incorporate an air-to-air heat exchanger that transfers heat from the intake air to the air
immediately exiting the evaporator. The energy savings that can be realized from this technology
is dependent on a unit’s specific airflow and component configuration. Based on DOE’s analysis
of existing models with and without air-to-air heat exchangers, DOE estimates that this
technology option may result in a 10 to 25 percent reduction in active dehumidification mode
energy use.

Heat pipes

Another method for increasing the efficiency of a refrigeration-based dehumidifier is to
include a heat pipe system that acts as a pre-cooler for air entering the evaporator. A heat pipe
system consists of a set of additional coils installed on each side of the evaporator. The coils are
connected via a sealed refrigerant system, which is independent of the primary refrigeration
system in the dehumidifier. The goal of the heat pipe is to passively transfer heat from the
incoming air stream to the air stream exiting the evaporator.

The air entering the dehumidifier is pre-cooled by the refrigerant in the coil in front of the
evaporator. The refrigerant in this section of the heat pipe evaporates as it gains heat from the
inlet airstream and passively flows to the coil behind the evaporator. The pre-cooled air then
passes through the evaporator, where the temperature of the air is decreased even further to
condense moisture. Air exiting the evaporator is at a low temperature, so this air stream gains
heat from the warmer refrigerant in the heat pipe coil behind the evaporator. As the refrigerant in
this coil loses heat to the airstream, it condenses back to a liquid and passively flows back to the
coil in front of the evaporator. As a result of this system, the evaporator is required to remove
less heat from the incoming airstream, and less energy is required for the dehumidifier
refrigeration system.

DOE was unable to identify any residential dehumidifiers that use heat pipes to boost
performance by pre-cooling the inlet evaporator air. DOE is aware that units existed on the
market until 2010, at which point the manufacturer chose to discontinue the product line for
reasons unknown to DOE. DOE is, however, aware of packaged terminal air conditioners
(PTAC:S) available on the market that incorporate heat pipe systems. The manufacturer for these
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products has provided limited information on their performance, including moisture removal.
Based on a comparison of these products to similar PTACs without heat pipes, DOE estimates
that heat pipes could produce as much as a 25-percent improvement in efficiency. DOE notes,
however, that this estimate is based on products optimized for removing sensible heat from the
airstream, and may not apply to dehumidifiers optimized for removing latent heat. DOE also
notes that heat pipes may disrupt airflow to the evaporator. This could limit the effective heat
transfer in the evaporator, decreasing or eliminating any efficiency gains associated with pre-
cooling the inlet air.

Improved refrigeration system insulation

While conducting teardowns, DOE found that all products included refrigeration system
insulation to a certain extent. The most commonly insulated parts of the system were the
evaporator outlet and compressor inlet. Insulation helps contain heat loses throughout the
refrigeration system and therefore improves the overall energy efficiency of the dehumidifier,
but it is difficult to estimate the extent of the energy savings associated with improved insulation.

DOE also observed that whole-home dehumidifiers and the high-capacity portable
dehumidifiers also typically featured insulated cases. However, DOE expects case insulation to
primarily improve a unit’s noise performance rather than its energy efficiency.

Refrigerant-desiccant systems

DOE is aware of certain products available on the market that meet the definition of
whole-home dehumidifier, but also incorporate a desiccant system to aid in moisture removal.
These dehumidifiers employ a combined moisture removal approach, where some of the
moisture in the process air (i.e., the air that is supplied from and returned to the conditioned
space) is condensed on the evaporator, while additional moisture is removed via a porous
desiccant material that adsorbs moisture when damp air passes through or over it. The desiccant
material is typically configured in a circular or wheel structure. A portion of the wheel adsorbs
moisture from the process air entering the unit, which is then delivered to the conditioned space.
As the wheel rotates, the moisture in that segment is released into a separate heated reactivation
air stream and exhausted out of the home. In addition to removing some moisture from the
process air directly, the refrigeration system boosts the temperature of the reactivation air to
more effectively remove moisture from the desiccant wheel, and cools the incoming air to
improve the adsorptivity of the desiccant material.

The appendix X1 test procedure includes provisions to account for the unique setup and
operation of these units compared to the typical refrigerant-based dehumidifiers. In particular,
refrigerant-desiccant dehumidifiers require a separate inlet and exhaust duct for the intake of
reactivation air that removes moisture from the desiccant wheel and discharge of the moist air to
the outdoors, so not all moisture that is removed from the conditioned space will be accounted
for by measurement of the condensate collected. DOE expects that refrigerant-desiccant systems
can offer unique utility in certain conditions, particularly in very low-temperature installations
where typical dehumidifiers may run into frosting issues. While refrigerant-desiccant
dehumidifiers may provide additional utility compared to typical dehumidifiers under these
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lower temperature operating conditions, under the representative ambient conditions in appendix

X1, DOE did not observe an efficiency improvement associated with refrigerant-desiccant
systems.

3.14.3 Energy Efficiency

In preparation for the screening and engineering analyses, DOE gathered data on the
energy efficiency of dehumidifiers currently available in the marketplace. This data is taken from
DOE’s CCMS database. Figure 3.14.2 plots the EF versus the capacity of each certified

dehumidifier along with the current energy conservation standards and ENERGY STAR criteria
for dehumidifiers, effective as of October 2012."
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Figure 3.14.2 DOE-Certified Dehumidifiers, DOE Standards, and ENERGY STAR
Qualification Criteria®’

" For more information, please visit www.energystar.gov.
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CHAPTER 4. SCREENING ANALYSIS

4.1 INTRODUCTION

This chapter discusses the screening analysis conducted by the DOE of the design options
identified in the market and technology assessment for dehumidifiers (chapter 3 of this NOPR
TSD). In the market and technology assessment, DOE presented an initial list of technologies
that can be used to reduce energy consumption for dehumidifiers. The goal of the screening
analysis is to identify any design options that will be eliminated from further consideration in the
rulemaking analyses.

The candidate design options are assessed based on DOE analysis as well as inputs from
interested parties including manufacturers, trade organizations, and energy efficiency advocates.
Design options that are judged to be viable approaches for improving energy efficiency are
retained as inputs to the subsequent engineering analysis. Design options that are not
incorporated in commercial products or in working prototypes, or that fail to meet certain criteria
as to practicability to manufacture, install and service, as to impacts on product utility or
availability, or as to health or safety will be eliminated from consideration in accordance with
Energy Conservation Program for Consumer Products: Procedures for Consideration of New or
Revised Energy Conservation Standards for Consumer Products. (61 FR 36974, section 4(a)(4)
and 5(b)). The rationale for either screening out or retaining each design option is detailed in the
following sections.

4.2  DISCUSSION OF DESIGN OPTIONS

For dehumidifiers, the screening criteria specified in section 4.1 were applied to the
design options to either retain or eliminate each technology from the engineering analysis.

4.2.1 Screened-Out Design Options

The technologies identified in the market and technology assessment were evaluated
pursuant to the criteria set out in the Energy Policy and Conservation Act, as amended (EPCA or
the Act). (42 U.S.C. 6291-6309) EPCA provides criteria for prescribing new or amended
standards, which will achieve the maximum improvement in energy efficiency the Secretary of
Energy determines is technologically feasible. (42 U.S.C. 6295(0)(2)(A)) It also establishes
guidelines for determining whether a standard is economically justified. (42 U.S.C.
6295(0)(2)(B)) In view of the EPCA requirements for determining whether a standard is
technologically feasible and economically justified, appendix A to subpart C of Title 10 Code of
Federal Regulations part 430 (10 CFR part 430), Procedures, Interpretations and Policies for
Consideration of New or Revised Energy Conservation Standards for Consumer Products (the
“Process Rule”), sets forth procedures to guide DOE in the consideration and promulgation of
new or revised product efficiency standards under EPCA. These procedures elaborate on the
statutory criteria provided in 42 U.S.C. 6295 and in part eliminate problematic technologies early
in the process of revising an energy efficiency standard. Under the guidelines, DOE eliminates
from consideration technologies that present unacceptable problems with respect to the following
four factors:
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(1) Technological feasibility. If it is determined that a technology has not been
incorporated in commercial products or in working prototypes, then that technology will not be
considered further.

(2) Practicability to manufacture, install, and service. If it is determined that mass
production of a technology in commercial products and reliable installation and servicing of the
technology could not 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 not be considered further.

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

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

The following sections detail the design options that were screened out for this
rulemaking, and the reasons why they were eliminated.

Pre-cooling Air-to-Air Heat Exchangers (for Portable Dehumidifiers up to 45 Pints/Day)"

DOE is aware that certain whole-home dehumidifiers and portable dehumidifiers with
capacities greater than 45 pints per day (pints/day) incorporate pre-cooling air-to-air heat
exchangers, and thus DOE is retaining this technology as a design option for these product
classes.

However, based on teardowns and research, DOE determined that portable dehumidifiers
with capacities up to 45 pints/day have little room to incorporate additional components within
the product case. Adding pre-cooling air-to-air heat exchangers to these products would require
increases in case size to accommodate the additional heat exchanger, which would also increase
product weight at the expense of consumer utility.

DOE observed that the pre-cooling air-to-air heat exchangers in high-capacity portable
dehumidifiers and whole-home dehumidifiers typically occupied a volume of more than three
times the combined evaporator and condenser volume. Although no low-capacity portable units
on the market incorporate a pre-cooling air-to-air heat exchanger, DOE estimates that to achieve
similar relative gains in efficiency as seen in larger units, portable units would incorporate a
similar pre-cooling air-to-air heat exchanger size in proportion to the evaporator and condenser.
DOE expects that with the addition of an effective pre-cooling air-to-air heat exchanger, case
sizes would, at a minimum, roughly double for portable dehumidifiers up to 45 pints/day.

* As measured by DOE’s dehumidifier test procedure at 10 CFR part 430, subpart B, appendix X1.
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DOE believes the increased size and weight associated with incorporating a pre-cooling
air-to-air heat exchanger in portable dehumidifiers with capacities up to 45 pints/day would have
an adverse impact on product utility to consumers. Because this design option would result in the
unavailability of products with the same size and volume as products currently available on the
market, DOE screened out pre-cooling air-to-air heat exchangers as a design option for portable
dehumidifiers with capacities up to 45 pints/day.

Heat Pipes (for Portable Dehumidifiers up to 45 Pints/Day)

DOE identified heat pipes as a potential technology to increase dehumidifier efficiency.
Heat pipes perform a similar function as pre-cooling air-to-air heat exchangers; lowering the
inlet air temperature to increase the efficiency of the refrigeration system, except that heat pipes
use a phase-change fluid to transfer heat between the two air streams. Similar to the discussion
above for pre-cooling air-to-air heat exchangers, DOE determined that the additional heat
exchangers and fluid tubing for heat pipes would require increases in case size, overall weight,
and cost for portable dehumidifiers up to 45 pints/day capacity. DOE is not aware of any units
available on the market that incorporate the heat pipe design option; however, DOE expects the
increases in case size necessary to accommodate heat pipes to be on the same order of magnitude
as for pre-cooling air-to-air heat exchangers.

DOE believes the increased size and weight for portable dehumidifiers up to 45 pints/day
capacity incorporating heat pipes would have an adverse impact on product utility to consumers.
Because this design option would result in the unavailability of products with the same size and
volume as products currently available on the market, DOE screened out heat pipes as a design
option for portable dehumidifiers with capacities up to 45 pints/day.

However, DOE has retained heat pipes as a design option for whole-home and portable
dehumidifiers with greater than 45 pints/day capacity. DOE notes that many of these products
already use larger case sizes to accommodate pre-cooling air-to-air heat exchangers. Products
incorporating heat pipes would likely require case volumes similar to the products available on
the market that include pre-cooling air-to-air heat exchangers. Because heat pipes would not
likely impact consumer utility for whole-home and portable dehumidifiers with greater than 45
pints/day capacity, DOE has retained this design option for these product classes.

4.2.2 Remaining Design Options

Table 4.2.1 lists the design options for dehumidifiers that were retained by DOE for at
least one of the analyzed product classes. Each of these technologies will be evaluated further in
the subsequent engineering analysis. DOE has retained each of these design options, with
limitations to specific product class as appropriate, because they either are or have previously
been available in commercially available equipment and also meet the criteria listed in section
4.2.1 relating to product utility, availability, and impacts on health and safety.
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Table 4.2.1 Retained Design Options for Dehumidifiers

Built-in hygrometer/humidistat

Improved compressor efficiency

Improved condenser performance

Improved controls

Improved defrost methods

Improved demand-defrost controls

Improved evaporator performance

Improved fan and fan-motor efficiency

| NN h R

Improved flow-control devices

10. Low-standby-loss electronic controls

11. Washable air filters

12. Pre-cooling air-to-air heat exchanger (high-
capacity portable and whole-home dehumidifiers)

13. Heat pipes (high-capacity portable and whole-
home dehumidifiers)

14. Improved refrigeration system insulation

15. Refrigerant-desiccant systems
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CHAPTER 5. ENGINEERING ANALYSIS

5.1 INTRODUCTION

After conducting the screening analysis, the DOE performed an engineering analysis
based on the remaining design options. The engineering analysis consists of estimating the
energy consumption and costs of dehumidifiers at various levels of increased efficiency. This
section provides an overview of the engineering analysis (section Chapter 5), discusses product
classes (section 5.2), establishes baseline and incremental efficiency levels (section 5.3), explains
the methodology used during data gathering (section 5.4) and discusses the analysis and results
(section 5.5).

The primary inputs to the engineering analysis are baseline information from the market
and technology assessment (chapter 3 of this NOPR TSD) and technology options from the
screening analysis (chapter 4). Additional inputs were determined through teardown analysis 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 customer
(i.e., product purchaser) prices by applying distribution markups, sales tax and contractor
markups. After applying these markups, the cost-efficiency curves serve as the input to the
building energy-use and end-use load characterization (chapter 7), and the LCC and 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; (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 involves a “bottom-up” manufacturing cost assessment based
on a detailed bill of materials (BOM) derived from teardowns of the product or equipment being
analyzed. Deciding which methodology to use for the engineering analysis depends on the
covered product, the design options under study, and any historical data that DOE can draw on.

In the preliminary engineering analysis, DOE used a hybrid approach combining aspects
of all three analysis methods described in the paragraph above. The efficiency-level approach for
residential dehumidifiers, combined with the cost-assessment approach, allowed DOE to develop
a cost for each product analyzed. DOE estimated that the costs for these products reflected the
costs for typical units at their respective efficiency levels. This approach involved physically
disassembling commercially available products, consulting with outside experts, reviewing
publicly available cost and performance information, and modeling equipment cost. To ensure
that DOE’s analysis covered the entire range of capacities and efficiencies available on the
market, DOE relied on the design-option approach to determine what changes would be needed
for a particular unit to meet each incrementally higher efficiency level.

For this NOPR, DOE followed the same general approach as for the preliminary
engineering analysis, but modified the analysis based on comments from interested parties and to
reflect the most current available information.
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5.2 PRODUCT CLASSES ANALYZED

The Energy Policy Act of 2005 (EPACT 2005), Pub. L. 109-58 (42 U.S.C. 6291-6309),
amended the Energy Policy and Conservation Act (EPCA) of 1975, Pub. L. 94-163 (42 United
States Code (U.S.C.) 6291-6309) to establish energy conservation standards for dehumidifiers
manufactured as of October 1, 2007. (Section 135(c)(4)) These standards specified five product
classes:

25.00 pints per day (pints/day) or less;
25.01-35.00 pints/day;

35.01-54.00 pints/day;

54.01-74.99 pints/day; and

75.00 or more pints/day.

The Energy Independence and Security Act of 2007 (EISA 2007), Pub. L. 110-140 (EISA
2007), in section 311(a)(1), amended EPCA to prescribe a new set of standards for
dehumidifiers, which took effect on October 1, 2012. DOE codified the EISA 2007 standards at
10 CFR 430.32(v)(2). 74 FR 12058 (Mar. 23, 2009). These updated standards consolidated the
two smallest product classes (25.00 pints/day or less and 25.01-35.00 pints/day) and subdivided
the 35.01-54.00 pints/day product class into two product classes as follows:

e Up to 35.00 pints/day;

e 35.01 to 45.00 pints/day;

e 45.01 to 54.00 pints/day;

e 54.01 to 75.00 pints/day; and
e Greater than 75.00 pints/day.

In the preliminary analysis for this rulemaking, DOE considered portable dehumidifier
product classes that were based on the existing product classes, but with capacities adjusted for
the lower ambient temperature for testing as proposed in the test procedure NOPR published in
the Federal Register on May 21, 2014 (May 2014 Test Procedure NOPR, 79 FR 29271), as
follows:

20.00 pints/day or less;

20.01 to 30.00 pints/day;
30.01 to 35.00 pints/day;
35.01 to 45.00 pints/day; and
45.01 or more pints /day.

DOE considered separate portable product classes for the preliminary analysis because
manufacturers typically offer multiple products over a range of capacities, but these products are
generally constructed on one or two standardized chassis. These standardized chassis and case
sizes may limit a manufacturer’s ability to optimize blower or heat exchanger configuration for a
particular capacity, and significant changes in efficiency may require a manufacturer to move to
a larger case. By maintaining product classes over a range of capacities in the preliminary
analysis, DOE considered the ability that manufacturers have to adjust capacity within a given
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case or chassis in order to meet the minimum energy conservation standards. Moving to a single
portable dehumidifier product class may force manufacturers to limit the range of products
available on the market, or require a substantial investment to establish new production lines for
product classes in which their existing range of chassis sizes would not allow the standards to be
met.

DOE also considered whole-home dehumidifiers as a separate product class for the
preliminary analysis. DOE further divided the whole-home product class into two separate
product classes by case volume: (1) less than or equal to 8.0 cubic feet (ft°), and (2) greater than
8.0 ft’. During interviews conducted in support of the preliminary analysis, manufacturers
indicated that various installation locations, including attics, crawl spaces, utility closets, and
others, impose case size restrictions for whole-home dehumidifiers. These spaces each impose
different size restrictions on the dehumidifier floor footprint and overall case volume. The
proposed product class case volume differentiation is intended to capture the various applications
for these whole-home products where installation location may impose certain size restrictions
and associated performance restrictions. Based on teardowns and market research, DOE
concluded that 8.0 ft’ is an appropriate threshold case volume for models that represent different
utility in terms of installation location.

In response to the proposed product classes on which DOE based the preliminary
analysis, several interested parties commented that DOE should not consider separate product
classes for portable units with capacities less than or equal to 45 pints/day because units in this
product class are all capable of achieving similar maximum efficiencies, and because there
should be no product class differentiation based on product chassis size. Other interested parties
commented that DOE should maintain several portable product classes to consider the
appropriate efficiency levels for each capacity and to account for unique performance and costs
associated with each capacity range. DOE considered these comments, and proposes in this
NOPR to classify portable products into three product classes based on capacity, as measured by
the test procedure at 10 CFR part 430, subpart B, appendix X1 (appendix X1), as follows:

e 30.00 pints/day or less;
e 30.01 to 45.00 pints/day; and
e 45.01 pints/day or more.

DOE’s considered several factors in proposing this revised classification. Although
portable dehumidifiers within the first two product classes are able to reach similar maximum
efficiencies when tested under the currently applicable test procedure at 10 CFR part 430,
subpart B, appendix X (appendix X), DOE observed that testing according to the newly
established appendix X1 resulted in lower maximum efficiencies for products within the lowest-
capacity portable product class. These results suggest an inherent relationship between capacity
and efficiency at the lower ambient test temperature specified in appendix X1 that is not apparent
at the ambient temperature specified in appendix X.

In addition, product sizes and weights vary between products currently available on the

market. Lower-capacity units typically use a smaller chassis that limits the sizes of internal
components such as heat exchangers. In its test and teardown sample, DOE observed that
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products with capacities below 30 pints/day” and typically on the smaller chassis had an average
weight of 33 pounds. Portable dehumidifiers with capacities between 30 pints/day and 45
pints/day and in larger product cases had an average weight of 45 pounds. DOE concluded that
the 12-pound average increase in product weight in moving to a larger case would result in less
portable units (i.e., more difficulty moving the unit within the home), which would negatively
impact consumer utility.

DOE also observed no key difference in product characteristics for the separate product
classes initially analyzed for the preliminary analysis that DOE is proposing to combine into a
single product class in this NOPR. The units in the 20.00 pints/day or less and 20.01 to 30.00
pints/day product classes had similar sizes and weights, and were able to achieve similar
efficiency levels under both appendix X and appendix X1 testing. Similarly, units in the 30.01 to
35.00 pints/day and 35.01 to 45.00 pints/day product classes had similar construction and
measured efficiencies. For this NOPR analysis, DOE proposes combing the four lowest-capacity
portable product classes analyzed in the preliminary analysis into two: 30.00 pints/day or less
and 30.01 to 45.00 pints/day. DOE proposes maintaining the 45.01 pints/day or more product
class as considered in the preliminary analysis because the larger chassis size and weight
typically associated with these products would allow for consideration of certain design options,
such as inlet pre-cooling heat exchangers, that would not be feasible in lower-capacity portable
dehumidifiers.

For whole-home dehumidifiers, DOE maintained the product class differentiation based
on products that may be installed in space-constrained locations. Many of the design options
associated with improving efficiencies for these products, such as larger heat exchangers or an
inlet pre-cooling heat exchanger, require increasing the unit case volume. Whole-home units that
are not space constrained may incorporate all of these design options and reach higher
efficiencies. DOE observed that products available on the market with case volumes greater than
8.0 ft’ are able to incorporate additional design options and reach higher efficiencies than
products with volumes at or less than 8.0 ft*. DOE also expects that products with volumes of 8.0
ft’ or less would be able to meet consumers’ needs for space-constrained installations. DOE
notes that switching to a capacity-based product class differentiation, as proposed for portable
dehumidifier product classes, could result in products with smaller case sizes necessary for
certain installations being eliminated from the market because lower capacity units would require
a larger case volume to incorporate all available design options and maximize heat exchanger
sizes to reach high efficiencies. For these reasons, DOE proposes in this NOPR to maintain the
two whole-home dehumidifier product classes based on case volume: (1) less than or equal to 8.0
ft’, and (2) greater than 8.0 ft'.

5.3 EFFICIENCY LEVELS

For dehumidifiers, energy conservation standard levels are currently defined by the
energy factor (EF) for each product class. However, EPCA, as amended by EISA 2007, requires

? For consistency, all capacities presented in the remainder of this chapter are expressed in pints/day as measured
according to the test procedure in appendix X1 except where otherwise noted.
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that any final rule establishing or revising a standard for a covered product, adopted after July 1,
2010, shall incorporate standby mode and off mode energy use into a single amended or new
standard, if feasible. If not feasible, the Secretary shall prescribe within the final rule a separate
standard for standby mode and off mode energy consumption. (42 U.S.C. 6295(gg))

The appendix X1 dehumidifier test procedure defines an integrated energy factor (IEF)
metric that combines active mode energy consumption with low-power mode energy
consumption, which includes standby mode or off mode energy consumption. In accordance with
the EISA 2007 requirements, this NOPR analysis was conducted using efficiency levels based on
IEF as measured by appendix X1.

5.3.1 Baseline Efficiency Levels

Typically, a baseline unit is a unit that just meets current energy conservation standards
and provides basic consumer utility. DOE analyzed the baseline units for each product class in
the engineering analysis, and the subsequent LCC and PBP analyses. To determine energy
savings and changes in price, DOE compared more energy-efficient units to the baseline unit.

Table 5.3.1.1 summarizes the October 1, 2012, energy conservation standards prescribed
by EISA 2007, with product class capacities measured according to appendix X. Each energy
efficiency level is expressed as a minimum EF, which is defined in liters per kilowatt-hour
(L/kWh).

Table 5.3.1.1 Dehumidifier Baseline Unit Efficiencies Based on EISA 2007 Standards

fcr;’;;‘;;yc)'ass EF (L/kWh)
35.00 pints/day or less 1.35
35.01-45.00 pints/day 1.50
45.01-54.00 pints/day 1.60
54.01-75.00 pints/day 1.70
75.01 pints/day or more 2.50

For the preliminary analysis, DOE conducted its analysis on efficiency levels defined by
IEF rather than EF. In addition to considering standby mode and off mode energy use, DOE
adjusted IEF based on additional changes to the dehumidifier test procedure as proposed in the
May 2014 Test Procedure NOPR. These included accounting for energy consumption in fan-only
mode, modifying the active mode test conditions required in appendix X, and establishing
separate installation requirements and test conditions for whole-home dehumidifiers. Based on
the conversion from EF to IEF and on the proposed amendments in the May 2014 Test Procedure
NOPR, DOE developed adjusted product classes and IEF baseline efficiency levels for the
preliminary analysis, as shown in Table 5.3.1.2 and Table 5.3.1.3.
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Table 5.3.1.2 Preliminary Analysis Portable Dehumidifier Baseline Efficiency Levels

Product Class IEF
(Capacity) (L/kWh)
20.00 pints/day or less 0.77
20.01 — 30.00 pints/day 0.80
30.01 — 35.00 pints/day 0.94
35.01 —45.00 pints/day 1.00
45.01 pints/day or more 2.07

Table 5.3.1.3 Preliminary Analysis Whole-Home Dehumidifier Baseline Efficiency Levels

Product Class IEF

(Case Volume) (L/kWh)
Less than or equal to 8.0 ft° 1.10
Greater than 8.0 ft’ 1.68

Testing according to appendix X1 would not substantively change the IEF metric from
the May 2014 Test Procedure NOPR or February 2015 Test Procedure SNOPR proposals for
portable dehumidifiers. Therefore, for this NOPR, DOE maintained the portable dehumidifier
baseline efficiencies determined for the preliminary analysis, with updates to reflect the
combined product classes as discussed in section 5.2 of this chapter. DOE set the baseline
efficiency level for the combined product classes at the lower of the two baseline IEF levels
considered in the preliminary analysis for the two previously separate product classes because
that IEF would be based on the minimum energy conservation standard currently applicable for
any product within the combined product classes. Table 5.3.1.4 presents the portable
dehumidifier baseline efficiency levels used in this NOPR analysis.

Table 5.3.1.4 NOPR Analysis Portable Dehumidifier Baseline Efficiency Levels

Product Class IEF
(Capacity) (L/kWh)
30.00 pints/day or less 0.77
30.01 — 45.00 pints/day 0.94
45.01 pints/day or more 2.07

Appendix X1 does contain revisions to the whole-home testing conditions compared to
those proposed in the May 20014 Test Procedure NOPR based on feedback from interested
parties and available whole-home usage data. Appendix X1 requires an ambient dry-bulb
temperature of 73 degrees Fahrenheit (°F) instead of 65 °F as proposed in the May 2014 Test
Procedure NOPR. On the same basis, DOE also reduced the external static pressure requirements
in the test ducting from the 0.5 inches of water column proposed in the May 2014 Test Procedure
NOPR to 0.20 inches of water column. These test procedure changes would increase whole-
home dehumidifier IEFs from the efficiency levels considered in the preliminary analysis. Using
a combination of additional whole-home dehumidifier testing at the adjusted test conditions,
interpolation of previous test data at 65 °F and 80 °F dry-bulb ambient temperatures, and data for
a range of external static pressures, DOE established updated baseline efficiency levels for the
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two whole-home dehumidifier product classes that are consistent with the test procedure in
appendix X1, as shown in Table 5.3.1.5.

Table 5.3.1.5 NOPR Analysis Whole-Home Dehumidifier Baseline Efficiency Levels

Product Class IEF
(Case Volume) (L/kWh)
Less than or equal to 8.0 ft’ 1.77
Greater than 8.0 ft’ 2.41

5.3.2

DOE analyzed several efficiency levels beyond the baseline for both portable and whole-

Incremental Efficiency Levels

home dehumidifiers, and developed incremental manufacturing cost data at each of these levels
in this engineering analysis.

5.3.2.1

In the preliminary analysis, DOE established the first efficiency level beyond the baseline

Portable Dehumidifiers

by assuming manufacturers would remove fan-only mode from the baseline products. DOE
determined higher incremental efficiency levels by identifying relevant EF levels (e.g.,
ENERGY STAR and maximum available) based on the appendix X test procedure, and then

converting to IEF based on the test procedure proposals in the May 2014 Test Procedure NOPR.

Table 5.3.2.1 shows the incremental efficiency levels analyzed for each portable dehumidifier
product class in the preliminary analysis.

Table 5.3.2.1 Portable Dehumidifier Efficiency Levels for the Preliminary Analysis

IEF Efficiency Levels (L/kWh)

Efficiency | Efficiency Level 20.00 20.01- | 30.01- | 35.01- 45.01
Level Source pints/day | 30.00 35.00 45.00 | pints/day
or less pints/day | pints/day | pints/day | or more

Bascline | Current Baseline with |, o, 0.80 0.94 1.00 2.07

Fan-only Mode
Current Baseline with
1 1.1 1.1 1.2 1. 2.4
no Fan-only Mode 0 0 0 30 0
2 Gap Fill 1 1.20 1.20 1.40 1.40 2.80
Gap Fill 2/
3 Maximum Available 1.30 1.30 1.60 1.60 3.52
4 Maximum Available 1.42 1.52 1.75 1.75 N/A

DOE received comments in response to the preliminary analysis stating that DOE should

establish the max-tech level based on the maximum efficiency that is technologically feasible
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rather than the maximum efficiency available. After further review, DOE determined that
dehumidifiers commercially available at this time may not incorporate all design options that are
technologically feasible, and therefore revised the max-tech efficiency levels to incorporate
additional design options beyond those observed in its test sample. For a full description of the
retained design options to meet the max-tech efficiency levels, see section 5.5.3.2. DOE then
modeled the increased efficiency associated with these new max-tech levels.

For the NOPR analysis, another key change to the efficiency levels considered for the
preliminary analysis was to combine the previous four lowest capacity portable product classes
into two, as discussed in section 5.2. The two portable product classes from the preliminary
analysis with capacities less than 30.00 pints/day each have three identical intermediate
efficiency levels, and thus these same intermediate levels were maintained for the single
combined product class. For the combined 30.01 to 45.00 pints/day product class, the IEF for
Efficiency Level 1 was 1.20 L/kWh and 1.30 L/kWh for the 30.01 to 35.00 pints/day and 35.01-
45.00 pints/day product classes, respectively. DOE selected the IEF of 1.20 L/kWh for
Efficiency Level 1 of the combined product class because this represents the baseline IEF with
no fan-only mode; therefore, DOE concluded it would be appropriate to maintain the lower of
the two IEFs at this level for the combined product class. Efficiency Level 2 and Efficiency
Level 3 were identical for the two previous product classes and thus were also maintained for the
combined one.

Based on these revisions to the preliminary analysis, DOE conducted the NOPR analysis
based on the portable dehumidifier efficiency levels presented in Table 5.3.2.2.

Table 5.3.2.2 Portable Dehumidifier Efficiency Levels for the NOPR Analysis

IEF Efficiency Levels (L/kWh)
Efficiency

Level | Efficiency Level Source | 30,00 pints/day | 30.01-45.00 | 45.01 pints/day
or less pints/day or more

. Current Baseline with
Baseline Fan-only Mode 0.77 0.94 2.07

Current Baseline with no

1 Fan-only Mode 1.10 1.2 2.40

2 Gap Fill 1 1.20 1.4 2.80
Gap Fill 2/

3 Max-Tech 1.30 1.6 3.66

4 Max-Tech 1.57 1.8 N/A

5.3.2.2 Whole-Home Dehumidifiers

In the preliminary analysis, DOE developed incremental whole-home dehumidifier
efficiency levels based on IEF according to the procedure proposed in the May 2014 Test
Procedure NOPR. DOE selected efficiency levels based on the range of efficiencies observed
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during investigative testing according to the May 2014 Test Procedure NOPR proposal. Unlike
portable dehumidifiers, DOE did not observe any fan-only operation for whole-home
dehumidifiers, so Efficiency Level 1 in the preliminary analysis represented an improvement in
dehumidification mode efficiency rather than elimination of operation in fan-only mode. Table
5.3.2.3 includes the efficiency levels used as the basis of the preliminary analysis for the two
whole-home dehumidifier product classes.

Table 5.3.2.3 Whole-Home Dehumidifier Efficiency Levels for the Preliminary Analysis

IEF Efficiency Levels (L/kWh)
Efficiency Efficiency Level Source | Less thansor equal Greater than 8.0 ft*
Level to 8.0 ft’ (Case (Case Volum'e)
Volume)
Baseline Minimum Available 1.10 1.68
1 Gap Fill 1 1.40 1.90
Gap Fill 2/Maximum
2 Available 1.59 2.80
3 Maximum Available N/A 341

As discussed in section 5.3.1, appendix X1 requires whole-home testing conditions of 73
°F ambient dry-bulb temperature and external pressure of 0.20 inches of water column, instead of
the 65 °F and 0.50 inches of water column proposed in the May 2014 Test Procedure NOPR (79
FR 29278, 29288). Accordingly, DOE adjusted the preliminary analysis IEF efficiency levels for
this NOPR analysis.

Similar to portable dehumidifiers, DOE additionally revised the max-tech level from the
maximum available to the maximum IEF that DOE concluded is technologically feasible. DOE
determined that whole-home dehumidifiers commercially available at this time may not
incorporate all design options that are technologically feasible, and therefore revised the max-
tech efficiency levels to incorporate additional design options beyond those observed in its test
sample. For a full description of the retained design options to meet the max-tech efficiency
levels, see section 5.5.3.2. DOE then modeled the increased efficiency associated with these new
max-tech levels.

Table 5.3.2.4 shows the efficiency levels DOE considered in this NOPR analysis based
on the revisions to the preliminary analysis.
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Table 5.3.2.4 Whole-Home Dehumidifier Efficiency Levels for the NOPR Analysis

IEF Efficiency Levels (L/kWh)
Efficiency .
Level Efficiency Level Source | Less thansor equal Greater than 8.0 ft*
to 8.0 ft’ (Case (Case Volume)
Volume)

Baseline Minimum Available 1.77 2.41
1 Gap Fill 1 2.09 2.70
2 Gap Fill 2/Max-Tech 2.53 3.52
3 Max-Tech N/A 4.50

54 METHODOLOGY OVERVIEW

DOE relied on multiple sources of information for this engineering analysis. These
sources include a review of TSDs from previous rulemakings, manufacturer interviews, internal
product testing, and product teardowns.

5.4.1 Review of Previous Technical Support Documents and Models

DOE reviewed previous rulemaking TSDs to assess their applicability to the current
standard setting process for residential dehumidifiers. These previous rulemaking TSDs served
as a source for design options and energy consumption analysis, in addition to other sources. For
dehumidifiers, the previous rulemaking TSD was developed in support of an advance notice of
proposed rulemaking (ANOPR) published in 2007. 72 FR 64432 (Nov. 15, 2007). For this
rulemaking, DOE developed a preliminary TSD available May 22, 2014. 79 FR 29380.

5.4.2 Manufacturer Interviews

DOE understands that there is variability among manufacturers in baseline units, design
strategies, and cost structures. To better understand and explain these variances, DOE conducted
manufacturer interviews. These confidential interviews provided a deeper understanding of the
various combinations of technologies used to increase residential dehumidifier efficiency, and
their associated manufacturing costs. DOE conducted interviews prior to the preliminary analysis
stage of this rulemaking, and conducted an additional round of interviews in advance of this
NOPR analysis. This allowed DOE an opportunity to receive confidential manufacturer feedback
in response to the preliminary analysis. Sample questions from the NOPR phase interviews are
contained in appendix SA of this NOPR TSD.

During the interviews, DOE also gathered information about the capital expenditures
required to increase the efficiency of the baseline units to various efficiency levels (i.e.,
conversion capital expenditures by efficiency or energy-use level). The interviews provided
information about the size and the nature of the capital investments. DOE also requested
information about the depreciation method used to expense the conversion capital. The

5-10



preliminary manufacturer impact analysis in chapter 12 of the NOPR TSD includes a discussion
of this information obtained during manufacturer interviews.

5.4.3 Product Testing

Much of the analysis in this chapter incorporates data from publicly available sources
such as the California Energy Commission (CEC), DOE Compliance Certification Management
System (CCMS), and U.S. Environmental Protection Agency ENERGY STAR databases.
However, DOE also conducted its own investigative testing for the following purposes:

e Verify performance trends that are apparent in the publicly available data;

e Develop a better understanding of the design options and product features
currently available on the market;

e Investigate ducted performance for whole-home dehumidifiers; and

e Develop a better understanding of the operational characteristics of residential
dehumidifiers.

5.4.4 Product Teardowns

Other than obtaining detailed manufacturing costs directly from a manufacturer, the most
accurate method for determining the production cost of a product is to disassemble representative
units piece-by-piece and estimate the material, labor, and overhead costs associated with each
component using a process commonly called a physical teardown. A supplementary method,
called a catalog teardown, uses published manufacturer catalogs and supplementary component
data to estimate the major physical differences between a product that has been physically
disassembled and another similar product. DOE performed physical teardown analysis on
dehumidifiers in all product classes. The teardown methodology is explained in the following
sections.

5.4.4.1 Selection of Units
DOE generally adopts the following criteria for selecting units for teardown analysis:

e The selected products should span the full range of efficiency levels for each product class
under consideration;

e Within each product class, the selected products should, if possible, come from the same
manufacturer and belong to the same product platform;

e The selected products should, if possible, come from manufacturers with large market shares
in that product class, although the highest efficiency products are chosen irrespective of
manufacturer; and

e The selected products should have non-efficiency-related features that are the same as, or
similar to, features of other products in the same class and at the same efficiency level.



5.4.4.2 Generation of Bill of Materials

The end result of each teardown is a structured BOM, which describes each product 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 value—added equipment
needed (e.g., stamping presses, injection molding machines, spot-welders, etc.) and the estimated
cycle times associated with each conversion step. The result is a thorough and explicit model of
the production process.

Materials in the BOM are divided between raw materials that require conversion steps to
be made ready for assembly, while purchased parts are typically delivered ready for installation.
The classification into raw materials or purchased parts is based on DOE’s previous industry
experience, recent information in trade publications, and discussions with original equipment
manufacturers (OEMs). For purchased parts, the purchase price is based on volume-variable
price quotations and detailed discussions with suppliers.

For parts fabricated in-house, the prices of the underlying “raw” metals (e.g., tube, sheet
metal) are estimated on the basis of 5-year averages to smooth out spikes in demand. Other
“raw” materials such as plastic resins, insulation materials, etc. are estimated on a current-market
basis. The costs of raw materials are based on manufacturer interviews, quotes from suppliers,
secondary research, and by subscriptions to publications including the American Metals Market®
(AMM). Past price quotes are indexed using applicable Bureau of Labor Statistics producer price
index tables as well as AMM monthly data.

5.4.4.3 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 5.4.4.1shows the three major steps in generating the
manufacturing cost.

Raw Fabrication Finished

Materials Materials
Bill of | Processes Assermbly
Materials | Purchased Parts | Processes

Figure 5.4.4.1 Manufacturing Cost Assessment Stages

The first step in the manufacturing cost assessment was the creation of a complete and
structured BOM from the disassembly of the units selected for teardown. The units were
dismantled, and each part was characterized according to weight, manufacturing processes used,
dimensions, material, and quantity. The BOM incorporates all materials, components, and

® For information on American Metals Market, please visit: www.amm.com.
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fasteners with estimates of raw material costs and purchased part costs. Assumptions on the
sourcing of parts and in-house fabrication were based on industry experience, information in
trade publications, and discussions with manufacturers. Interviews and plant visits were
conducted with manufacturers to ensure accuracy on methodology and pricing.

Following the development of a detailed BOM, the major manufacturing processes were
identified and developed for the spreadsheet model. Some of these processes are listed in Table
544.1.

Table 5.4.4.1 Major Manufacturing Processes

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

Brake Forming De-burring Seam Welding

Cutting and Shearing | Polishing Packaging

Insulating Refrigerant Charging

Turret Punch

Tube Forming

Enameling

Fabrication process cycle times for each part made in-house were estimated and entered
into the BOM. Based on estimated assembly and fabrication time requirements, the labor content
of each appliance could be estimated. For this analysis, DOE estimated labor costs based on
typical annual wages and benefits of industry employees.

Cycle requirements for fabrication steps were similarly aggregated by fabrication
machine type while accounting for dedicated vs. non-dedicated machinery and/or change-over
times (die swaps in a press, for example). Once the cost estimate for each teardown unit was
finalized, a detailed summary was prepared for relevant components, subassemblies and
processes. The BOM thus details all aspects of unit costs: material, labor, and overhead.

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.

5.4.4.4 Cost Model and Definitions

The cost model is based on production activities and divides factory costs into the
following categories:

e Materials: Purchased parts (i.e., motors, valves, efc.), raw materials, (i.e., cold rolled
steel, copper tube, efc.), and indirect materials that are used for processing and
fabrication.

e Labor: Fabrication, assembly, indirect, and supervisor labor. Fabrication and assembly
labor cost are burdened with benefits and supervisory costs.
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e Overhead: Equipment, tooling, and building depreciation, as well as utilities, equipment
and tooling maintenance, insurance, and property taxes.

Cost Definitions

Because there are many different accounting systems and methods to monitor costs, DOE
defined the above terms as follows:

e Direct material: Purchased parts (out-sourced) plus manufactured parts (made in-house
from raw materials).

e Indirect material: Material used during manufacturing (e.g., welding rods, adhesives).

e Fabrication labor: Labor associated with in-house piece manufacturing.

e Assembly labor: Labor associated with final assembly.

e Supervisory labor: Labor associated with fabrication and assembly basis. Assigned on a
span basis (x number of employees per supervisor) that depends on the industry.

e Indirect labor: Labor costs that scale with fabrication and assembly labor. These included
the cost of technicians, manufacturing engineering support, stocking, etc. that are
proportional to all other labor.

e Equipment depreciation: Money allocated to pay for initial equipment installation and
replacement as the production equipment is amortized. All depreciation is assigned in a
linear fashion and affected equipment life depends on the type of equipment.

e Tooling depreciation: Cost for initial tooling (including non-recurring engineering and
debugging of the tools) and tooling replacement as it wears out or is rendered obsolete.

¢ Building depreciation: Money allocated to pay for the building space and the conveyors

that feed and/or make up the assembly line.

Utilities: Electricity, gas, telephones, etc.

Maintenance: Annual money spent on maintaining tooling and equipment.

Insurance: Appropriated as a function of unit cost.

Property Tax: Appropriated as a function of unit cost.

5.4.4.5 Cost Model Assumptions

As discussed in the previous section, assumptions about manufacturer practices and cost
structure played an important role in estimating the final product cost. In converting physical
information about the product into cost information, DOE reconstructed manufacturing processes
for each component using internal expertise and knowledge of the methods used by the industry.
Site visits allowed DOE to confirm its cost model assumptions through direct observation of the
manufacturing plant, as well as through manufacturer interviews, reviews of current Bureau of
Labor Statistics data, etc.

5.5 ANALYSIS AND RESULTS

5.5.1 Manufacturer Interviews

DOE conducted interviews with residential dehumidifier manufacturers to develop a
better understanding of current product features and the technologies used to improve energy
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efficiency. The manufacturers interviewed represent a wide range of U.S. market share and
included both domestic and international companies that sell residential portable and whole-
home dehumidifiers in the United States. During these interviews, DOE asked manufacturers
questions about the following topics related to the engineering analysis:

Product classes

Design features of current baseline products

Proposed incremental efficiency levels

Design options required to meet each efficiency level
Performance at reduced ambient temperatures
Impacts on consumer utility

Installation and repair costs as a function of efficiency

The discussion helped DOE understand what proposed design options have already been
implemented and what additional design options DOE should consider.

The discussion below represents a consolidation of the manufacturer responses.

5.5.1.1 Product Classes

DOE asked manufacturers if the current product class divisions are appropriate.
Manufacturers generally responded that the current product classes are too granular.
Additionally, products with capacities near the end of the range of a product class are required to
meet different minimum efficiency levels than similar units with slightly different capacities that
would be classified in the adjacent product class. These products typically feature similar
constructions and design features despite falling into separate product classes, so the units
required to meet the higher minimum efficiency level may be penalized. Manufacturers noted
that the product classes adjusted to the lower ambient temperature conditions result in smaller
capacity ranges for each product class. This may force manufacturers to produce products only in
the mid capacity for each product class due to verification concerns.

5.5.1.2 Design Features of Current Baseline Products

DOE discussed with manufacturers the features of baseline products identified during the
preliminary analysis. The manufacturers generally agreed with DOE’s assumptions for a baseline
unit, discussed in section 5.5.3.1 although not all manufacturers produce products at the baseline
efficiency level. Manufacturers indicated that baseline dehumidifiers typically include the same
components as units at higher efficiencies, perhaps with smaller heat exchangers or less efficient
COMpIessors.

5.5.1.3  Proposed Incremental Efficiency Levels

DOE asked manufacturers to comment on the efficiency levels DOE considered for the
portable and whole-home product classes in the preliminary analysis. Manufacturers were asked
to comment on the appropriateness of each incremental efficiency level, including the gap-fill
levels and the max-tech levels. In general, manufacturers were not able to provide feedback on
the proposed incremental efficiency levels due to lack of available data under the lower ambient
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test conditions. Also, some manufacturers were concerned about meeting the maximum IEF
levels with current materials and components. They suggested that the necessary changes are not
completely understood due to the (at that time) proposed revisions to the test conditions.
Manufacturers also indicated that lower-capacity products may not be able to achieve as high
efficiencies as higher capacity products, particularly at the lower ambient test conditions.

5.5.1.4  Design Options Required to Meet Each Efficiency Level

DOE asked manufacturers to describe the changes associated with each active mode
efficiency level relative to the baseline units in each product class. From the reverse-engineering
analysis, DOE predicted the key design options would be increased compressor efficiency and
heat exchanger sizes. DOE highlighted these options during discussions with manufacturers to
determine the necessary design options to meet incrementally increased IEF levels.

Similar to the preliminary analysis, manufacturers generally agreed with DOE’s initial
association of design options with the efficiency levels. They confirmed that the primary changes
required to meet higher efficiency levels will likely be more efficient compressors and optimized
heat exchangers. Manufacturers stressed that making these changes would, for certain existing
products, require a shift to larger cases and therefore would increase the manufacturing costs and
also require investments to update the manufacturing facilities. Manufacturers indicated that fan
motor improvements may result in small efficiency improvements, but at a high cost. These
added costs would be passed down to the consumer, which could particularly impact low-income
consumers.

5.5.1.5 Performance at Reduced Ambient Temperatures

Manufacturers agreed that the current test conditions specify a higher dry-bulb
temperature than those typically seen in the field, and they generally supported the ambient dry-
bulb temperature in of 65 °F as proposed in the May 2014 Test Procedure NOPR. Manufacturers
further indicated that they test their units at a range of ambient temperatures, including lower
than 65 °F to ensure products will operate acceptably in low-temperature consumer installations.
However, manufacturers also typically indicated that a single ambient test condition is
appropriate for the DOE test procedure to limit test burden.

5.5.1.6  Impact on Consumer Utility

DOE asked manufacturers how these design option changes may impact consumer utility.
Manufacturers indicated that overall performance would not be impacted; however, larger fans
may increase the fan operating noise, and larger components and cases would increase the
overall unit weight. Manufacturers also noted that the lower ambient test temperatures may result
in more frost on the evaporator coil. However, DOE notes that the change in test conditions
better reflects actual consumer use, so any adjustments to avoid frosting during the test
procedure (such as operating the evaporator coil at a higher temperature) would likely limit
frosting during operation in the field and may improve consumer utility.
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5.5.1.7 Installation and Repair Costs as a Function of Efficiency

Manufacturers generally indicated that typical product lifetime was the same for all
dehumidifiers regardless of efficiency and component size. They also stated that repair and
maintenance costs would not significantly change with improvements in efficiency.

5.5.2 Product Testing

Prior to the preliminary analysis, DOE conducted extensive testing on dehumidifiers in
each product class, including refrigerant-based and refrigerant-desiccant whole-home
dehumidifiers. These units were tested under varying conditions and test setups to investigate
how units perform under the lower ambient dry-bulb temperatures and the whole-home test
setup. DOE used the data obtained during testing to identify appropriate test conditions and
setups as discussed in the May 2014 Test Procedure NOPR. For the preliminary engineering
analysis, DOE used the data to determine appropriate product classes, efficiency levels, and the
design changes necessary to achieve those levels.

For portable dehumidifiers, the test data used in support of the preliminary analysis
remain applicable for this NOPR analysis. DOE notes that the test procedure revisions between
the May 2014 Test Procedure NOPR proposal and appendix X1 would not substantively affect
the capacities or efficiencies considered in the preliminary analysis. For whole-home
dehumidifiers, DOE revised the test conditions proposed in the May 2014 Test Procedure NOPR
to a higher inlet air dry-bulb temperature (73 °F rather than 65 °F) and lower external static
pressure (0.20 inches of water column rather than 0.5 inches of water column). To consider the
effects of these changes on whole-home dehumidifier performance, DOE conducted additional
testing on 5 whole-home units.

5.5.2.1 Product Selection

For the portable dehumidifiers, DOE tested a total of 24 portable units with rated
capacities up to 75 pints/day (as measured according to appendix X), 13 large-capacity (i.e.,
portable dehumidifiers with rated capacities greater than 75 pints/day, as measured according to
appendix X) and refrigerant-based whole-home units, and 2 refrigerant-desiccant whole-home
dehumidifiers. The test units spanned the range of capacities and efficiencies available on the
market from multiple manufacturers. The test results informed both the proposals presented in
the May 2014 Test Procedure NOPR and in the preliminary engineering analysis.

For the additional whole-home dehumidifier testing conducted in support of this NOPR
engineering analysis, DOE selected 5 units covering a range of capacities, efficiencies,
configurations, and manufacturers. One of the 5 selected units was a refrigerant-desiccant
dehumidifier.

5.5.2.2 Test Approach and Results

A detailed description of the test approach and results for the testing conducted in support
of the preliminary analysis is included in chapter 5 of the preliminary TSD and in the May 2014
Test Procedure NOPR. Figure 5.5.2.1 presents a summary of the portable dehumidifier test
results from this testing at the appendix X ambient dry-bulb temperature (80 °F) and the
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appendix X1 ambient dry-bulb temperature (65 °F). The results are presented in terms of EF
rather than IEF in order to isolate the effects of ambient temperature on dehumidification mode
energy use.
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Figure 5.5.2.1 Measured EF at 80 °F and 65 °F for Portable Dehumidifiers with Capacities
Up to 75 pints/day (under Appendix X)

As discussed in section 5.2, one reason for maintaining separate portable dehumidifier
product classes for products with capacities less than 45 pints/day is that the maximum
efficiencies observed for products with capacities of 30 pints/day or less are lower than those for
products with capacities between 30 and 45 pints/day. Figure 5.5.2.1 shows that portable
dehumidifiers are generally able to reach the same maximum efficiencies when tested under the
appendix X conditions, but the lower ambient temperature in appendix X1 results in a greater
decrease in efficiency for lower capacity units when tested under the new test procedure.

Figure 5.5.2.2 shows the test results from the preliminary analysis and May 2014 Test
Procedure NOPR testing for whole-home dehumidifiers. The units were tested according to the
ducted test setup proposed in the May 2014 Test Procedure NOPR with inlet air dry-bulb
temperatures of 80 °F and 65 °F and external static pressure of 0.5 inches of water column. As
observed with the portable units, both capacity and EF are reduced at lower ambient
temperatures.
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Figure 5.5.2.2 Measured EF at 80 °F and 65 °F for Whole-Home Dehumidifiers

As discussed in section 5.3, appendix X1 requires the whole-home units to be tested at an
inlet air dry-bulb temperature of 73 °F and external static pressure of 0.20 inches of water
column. DOE interpolated the preliminary analysis test results to these conditions to estimate
performance at the conditions included in appendix X1. Table 5.5.2.1 presents the estimated
performance at 73 °F, in addition to the measured performance at 80 °F and 65 °F dry-bulb
temperature and 0.5 inches of water column, adjusted to reflect an external static pressure of 0.2
inches of water column. As expected, the estimated performance data fall between the test results
from the two tested conditions.
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Table 5.5.2.1 Estimated Performance at Appendix X1 Conditions

Test Capacity (pints/day) EF (L/kWh)
Sample 80 °F 73 °F 65 °F 80 °F 73 °F 65 °F
(Measured) | (Estimated) | (Measured) | (Measured) | (Estimated) | (Measured)

1 100.90 80.76 53.61 2.74 2.53 2.04
2 146.10 116.95 77.68 1.74 1.57 1.19
3 120.87 108.19 91.90 2.73 2.61 2.36
4 204.28 167.25 117.62 2.75 2.46 1.82
5 144.02 133.09 119.60 3.13 3.10 3.05
6 101.07 80.69 53.21 2.74 2.53 2.04
7 85.50 73.66 58.07 2.13 2.00 1.72
8 62.62 53.85 42.30 1.84 1.77 1.60
9 96.25 80.06 58.43 2.17 1.98 1.55
10 146.18 117.19 78.15 1.74 1.57 1.19

DOE also conducted additional testing on 5 whole-home units in accordance with the
proposals in the February 2015 Test Procedure SNOPR, the most recent test procedure at the
time of testing. These 5 units were selected to represent the entire market, spanning the
capacities and efficiencies available in the market and varying configurations. Of the 5 test units,
3 were tested previously at both 80 °F and 65 °F dry-bulb temperature and 0.5 inches of water
column, allowing a comparison of the numerically estimated results and measured data. As
mentioned above, DOE notes that the units were tested at 0.25 inches of water column in
accordance with the proposals in the February 2015 Test Procedure SNOPR instead of the 0.20
inches of water column established in appendix X1. DOE subsequently made numerical
adjustments based on previous test data at various external static pressures to present data at the
appendix X1 conditions. These results are shown below in Figure 5.5.2.3. DOE notes that the
difference in EF between the tested and estimated performance at the appendix X1 conditions
ranged from 3.1 percent to 8.2 percent, with an average agreement between the average and
estimated performance within 6 percent. In lieu of a larger set of available performance data at
the appendix X1 conditions, DOE proposes to proceed with the estimated performance data.
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Figure 5.5.2.3 Tested and Estimated Performance at Appendix X1 Conditions

DOE used test data when conducting teardowns and modeling to correlate efficiency
gains with certain design features or components included in the units in the test sample. In
particular, the testing informed the appropriate capacity and efficiency effects of the design
features at the lower ambient temperatures because there is limited publicly available
information regarding dehumidifier operation at these temperatures.

5.5.3 Product Teardowns

After conducting the investigative testing for the preliminary analysis described in the
previous section, DOE conducted teardowns on 32 out of its 39 test units, including both
portable and whole-home dehumidifiers. The test units spanned the range of product efficiencies
and features available on the market from multiple manufacturers. DOE relied on the
dehumidifier teardowns to supplement the information gained through manufacturer interviews
and to investigate performance observed during testing. Specifically, the teardowns allowed
DOE to identify design features for improving efficiency and to develop corresponding
manufacturing costs for products at different efficiency levels.

Because DOE’s teardown sample in support of the preliminary analysis included a large
number of units that spanned a full range of capacities and efficiencies, DOE did not conduct
additional teardowns in support of the NOPR engineering analysis. Rather, DOE used the
teardown information gathered during the preliminary analysis to determine new manufacturing
cost information corresponding to the revisions in proposed product classes and efficiency levels,
as described earlier in this chapter.

5.5.3.1 Baseline Construction

Baseline portable dehumidifier construction for products with capacities up to 45.00
pints/day remains unchanged from the preliminary analysis. In the preliminary analysis, DOE
observed that all of the units were housed in a plastic case with a removable bucket. They
featured rotary R-410A compressors at the base of the unit, with the evaporator and condenser
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housed in the top of the unit along with the fan and air filter. DOE observed that the blowers all
used permanent split capacitor (PSC) motors. The evaporator and condenser within a unit were
similar in construction, with similar dimensions and number of tube passes, and they were
connected via capillary tubes. The copper tubing exiting the evaporator and entering the
compressor was typically insulated, though the thickness and length of insulation varied among
units. All of the units in DOE’s sample for these portable dehumidifiers with capacities up to
45.00 pints/day featured electronic controls, although DOE is aware that certain units may still
use electromechanical controls.

Similarly, the baseline units for higher-capacity portable dehumidifiers (i.e., those with
capacities greater than 45.00 pints/day and both whole-home dehumidifier product classes
remain unchanged from the preliminary analysis. Compared to the lower-capacity portable units,
DOE observed that the baseline units for these product classes shifted to a different design, but
still contained most of the same general components. As expected for these product classes, the
internal components related to the product capacity were larger than for the lower-capacity
portable product classes. In particular, these units used higher-capacity compressors, larger heat
exchangers, and more powerful blowers. One key difference when compared to the other
portable product classes is the elimination of the internal condensate collection bucket. All of the
high-capacity portable units and whole-home units in DOE’s teardown sample were designed to
be connected to a drain. Also, the units in these product classes featured metal cases with more
insulation than the plastic cases for the lower-capacity portable dehumidifier product classes.

DOE observed that manufacturers that produce high-capacity portable units also typically
produce whole-home dehumidifiers. For products from the same manufacturer in the same
capacity range, DOE observed that the high-capacity portable and whole-home products
contained almost identical internal components. The only major differences between these
products were the ducting attachments for whole-home units (and lack of ducting attachments for
portable units) and the differences in controls. Whole-home products are typically controlled via
a remote humidistat with no on-board user controls, while the portable products are controlled
through the user interface on the unit. High-capacity portable products typically used
electromechanical controls, unlike lower-capacity portables units, most likely due to simplicity,
high reliability, and minimal expected consumer interaction.

5.5.3.2 Design Options to Reach Higher Efficiency Levels

In chapter 3 of this NOPR TSD, DOE identified technology options that could potentially
improve the efficiency of dehumidifiers. As discussed in chapter 4 of this NOPR TSD, a number
of these technology options were eliminated from further consideration in the engineering
analysis. DOE considered the technology options meeting all of the screening criteria in this
engineering analysis, although not all of these design options factored into the final estimated
incremental costs. This section explains how DOE addressed each of the technology options that
were retained from the screening analysis.

Retained Design Options to Meet Higher Efficiency Levels

DOE maintained the findings of the preliminary engineering analysis when estimating
typical dehumidifier construction at higher efficiency levels. In the preliminary analysis, DOE
identified the following key design changes to reach higher efficiency levels: improved
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compressor efficiency, improved evaporator and condenser performance (i.e., larger heat
exchangers), and pre-cooling air-to-air heat exchangers. After considering feedback from
interested parties on the preliminary analysis, DOE also incorporated improved fan-motor
efficiency in this NOPR engineering analysis.

Improved compressor efficiency

Improved compressor efficiency is one of the primary means for dehumidifiers to achieve
higher efficiencies. The compressor typically represents 80 to 90 percent of a dehumidifier’s
energy consumption, so small improvements in compressor efficiency translate directly to
measurable improvements in IEF. DOE is aware that the rotary R-410A compressors widely
used in dehumidifiers are available with a range of efficiencies, and manufacturers will likely
move to a more efficient compressor of this type to achieve higher IEFs.

In chapter 3 of this NOPR TSD, DOE also identified inertia-reciprocating, scroll, and
variable-speed compressors to further increase efficiency beyond that of traditional rotary
compressors. DOE notes that inertia-reciprocating and scroll compressors are substantially
larger, heavier, and noisier than rotary compressors, and therefore are not suited for residential
dehumidifiers. Variable-speed compressors present an opportunity for a dehumidifier to adjust
the compressor and refrigeration system operation to varying conditions. However, because the
DOE test procedure is conducted at constant ambient conditions with continuous operation, it
would not capture efficiency gains associated with variable-speed compressors. Therefore, DOE
did not consider inertia-reciprocating, scroll, or variable-speed compressors in the remainder of
its analysis.

Improved condenser and evaporator performance

DOE also observed during teardowns and received feedback during manufacturer
interviews that manufacturers would likely use larger heat exchangers at the higher efficiency
levels. Compressor efficiencies can only improve a dehumidifier’s performance to a certain
extent for a given refrigeration system. Larger heat exchangers can help to further improve the
performance of the refrigeration system by more effectively converting the work performed by
the compressor into heat transfer. As more heat is absorbed in the evaporator and rejected via the
condenser, the refrigerant cycle operates more efficiently and less compressor power is required
to achieve a similar capacity.

As discussed in chapter 3 of this NOPR TSD, many parameters affect a heat exchanger’s
performance. Based on manufacturer interviews and product teardowns, DOE found that
manufacturers likely adjust the cross-sectional area of the heat exchangers to increase heat
transfer. DOE observed that the condenser and evaporator in all of its teardown units had similar
construction, but the cross-sectional area was the key parameter that changed from unit to unit.
DOE verified through modeling that increasing heat exchanger cross-sectional area resulted in
more significant efficiency improvements compared to other possible heat exchanger changes,
such as increasing heat exchanger depth or fin density. In its analysis, DOE assumed that
manufacturers would rely on increased heat exchanger cross-sectional areas to improve
condenser and evaporator performance.

Improved fan and fan-motor efficiency
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DOE is aware that efficiency gains may be possible through improvements to the fan and
fan motor. DOE noted that all units in its teardown sample used PSC fan motors, which have
improved efficiencies compared to shaded-pole motors. However, permanent-magnet motors
would provide even higher motor efficiencies compared to PSC motors, but the overall
improvements to IEF would be small due to the relatively small portion of energy consumed by
the fan motor compared to the compressor. Manufacturers would also incur significant costs if
employing permanent-magnet motors; the motors themselves cost approximately two times as
much as a comparable PSC motor, and the different shape and weight of the motor may require
product redesign.

Manufacturer interviews and product teardowns also showed that there were no
significant changes to the blowers and fan motors at different product efficiencies. For these
reasons, DOE did not further consider improved fan and fan-motor efficiency in developing the
cost-efficiency relationships in the preliminary engineering analysis. However, after considering
comments from interested parties, DOE determined that the small potential efficiency gains
associated with improved fan motors should be incorporated into this NOPR analysis due to
technological feasibility, as discussed in section 5.3.2.

Pre-cooling air-to-air heat exchanger

Pre-cooling air-to-air heat exchangers further increase the efficiency of whole-home and
high-capacity portable dehumidifiers. By cooling the inlet air stream using the low-temperature
air exiting the evaporator, the air-to-air heat exchanger decreases the amount of sensible heat the
evaporator must remove from the air stream before condensation occurs. Because the heat
exchanger uses evaporator outlet air to cool the inlet airstream, the air entering the condenser is
at a higher temperature. The result is a slightly higher temperature exhaust air off of the
condenser, but overall improved dehumidifier energy efficiency.

DOE considered pre-cooling air-to-air heat exchangers as a design option for the whole-
home and high-capacity portable dehumidifier product classes in both the preliminary analysis
and this NOPR analysis, but screened out this technology option for the lower-capacity portable
dehumidifier product classes for the reasons discussed in chapter 4 of this NOPR TSD.

Design Options Not Used to Meet Higher Efficiency Levels

Several of the technology options identified in chapter 3 of this NOPR TSD may produce
energy savings in certain real-world situations, but DOE did not further consider them in this
analysis because the dehumidifier test procedure would not capture the potential improvements
and DOE does not expect manufacturers to rely on these features to meet higher efficiency
levels. Accordingly, DOE did not specifically consider improvements associated with these
design options when determining the manufacturer production costs at each efficiency level.

Built-in hygrometer/humidistat

All portable dehumidifiers in DOE’s teardown sample featured a built-in humidity
controller. These units all included electronic controls, but DOE is aware that certain units may
still feature electromechanical humidistats. The humidistat cycles the compressor and fan power
supply as a function of relative humidity. Both electronic and electromechanical controllers
measure the expansion of a reference material as a function of relative humidity. DOE notes that
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whole-home dehumidifiers are often designed to be used in conjunction with a remote
humidistat. The humidistat is placed in the portion of the home that requires dehumidification,
and cycles the whole-home dehumidifier compressor and fan power supply as needed. Although
this control is external to the unit, DOE does not expect significant differences in efficiency or
operation when compared to the built-in controls on portable units.

While electronic humidistats may provide more flexible control in cycling the
refrigeration system as needed in varying conditions, DOE does not expect the type or presence
of a hygrometer or humidistat to affect dehumidifier efficiency. The DOE test procedure requires
continuous unit operation at constant ambient conditions, and therefore does not reflect
performance of the humidity sensor. Because DOE does not expect the type of humidity
controller to result in efficiency gains, and because the test procedure would not capture any
efficiency improvements, DOE did not further consider changes to the hygrometer or humidistat
in this analysis.

Improved controls

Similar to the built-in hygrometer/humidistat discussed above, improved controls may
allow dehumidifiers to better adjust their operation in response to changing conditions. Improved
controllers may consider multiple inputs, such as ambient temperature, ambient humidity, and
evaporator temperature, when adjusting unit operation. Because the DOE test procedure requires
continuous unit operation at constant ambient conditions, it therefore would not reflect improved
control schemes, and DOE did not further consider improved controls in this analysis.

Improved defrost methods

In chapter 3 of this NOPR TSD, DOE identified four defrost types: passive, fan-only,
electric, and hot-gas. DOE is not aware of any units on the market that feature an electric or hot-
gas defrost, although there are no technical limitations that would preclude these in
dehumidifiers. DOE also did not observe passive defrost in its testing. DOE observed that units
typically use a fan-only defrost when necessary.

DOE observed that some units in its test sample entered a defrost operation when tested
in dehumidification mode at the 65 °F ambient dry-bulb temperature specified in appendix X1.
While improved defrost methods could improve energy consumption in these units, DOE expects
that manufacturers would likely adjust the unit controls or refrigeration system operation to
avoid triggering defrost rather than improving performance during defrost. DOE did not observe
different design features between the units that did or did not defrost at the reduced ambient
temperature, so the difference in operation is likely due to different control schemes or
refrigeration system operating parameters. Because manufacturers would likely adjust their units
to avoid defrosts when operating at the appendix X1 test conditions, DOE did not further
consider different defrost methods in determining how manufacturers may achieve higher
efficiency levels.

Improved demand-defrost controls

Defrost controls determine if and when a defrost operation is needed and the duration of
defrost. As described in chapter 3 of this NOPR TSD, time-based defrosts occur at regular
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intervals for constant duration as a unit operates. Sensor-controlled defrosts occur as needed
based on evaporator coil temperatures. DOE observed that all units in the teardown sample
featured temperature sensors on the evaporator coil, and therefore likely employ a sensor-
controlled defrost. DOE also observed in its investigative testing that units did not enter defrost
when tested at 80 °F ambient dry-bulb temperature, some units defrosted at 65 °F, and nearly all
units defrosted at 55 °F. This also suggests sensor-based defrosts.

Because DOE expects that units available on the market already feature sensor-based
defrost control, and the test procedure likely would not capture defrost operation as described in
the section above, DOE did not further consider this design option in this analysis.

Improved flow-control devices

DOE observed that all units in the teardown sample used a wound capillary tube as the
expansion device to control refrigerant flow to the evaporator, though the length and size of
tubing varied. In chapter 3 of this NOPR TSD, DOE describes how thermostatic expansion
valves or electronic expansion valves would allow dehumidifiers to regulate refrigerant flow to
the evaporator based on changes in operating conditions.

As discussed for previous design options, the DOE test procedure is performed under
constant ambient conditions, and any benefit associated with a unit’s ability to adjust to varying
ambient conditions would not be captured in the test. Therefore, DOE did not further consider
improved flow-control devices as a design option in this analysis.

Low-standby-loss electronic controls

In the preliminary analysis, DOE observed that the presence of a fan-only mode had the
most significant impact on the conversion from EF to IEF based on the calculations to
incorporate low-power mode energy consumption as first proposed in the May 2014 Test
Procedure NOPR. For units without a fan-only mode, DOE observed that low-power mode
energy consumption resulted in an average decrease from EF to IEF of 0.02 L/kWh. For all units
in the test sample, the average inactive mode or off mode power consumption was 0.9 Watts
(W).

DOE observed two types of power supplies in its teardown sample: linear and switch-
mode. Switch-mode power supplies typically require lower standby power compared to linear
power supplies. In the test sample, DOE found an average off-mode power of 0.4 W for switch-
mode power supplies compared to 1.2 W for linear power supplies. In off-cycle mode, for units
without fan-only mode, units with switch-mode power supplies required on average 1.14 W
compared to 1.63 W for units with linear power supplies. DOE notes that based on these average
power inputs, the effect of changing from a linear to a switch-mode power supply has very little
impact on IEF. For example, a baseline 50 pint/day unit with an EF of 1.6, at 80 °F ambient
temperature, would have an IEF that rounded to 1.59 with either a linear or switch-mode power

supply.

DOE also observed a range of power inputs for each power supply type. While switch-
mode power supplies required less power on average than linear power supplies, DOE observed
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linear power supplies with off-mode and off-cycle mode power inputs as low as 0.51 W and 0.72
W, respectively.

Because of the relatively small impact of standby mode and off mode energy
consumption on IEF, and the range of power inputs associated with each power supply, DOE did
not consider this a specific design option in its preliminary analysis. However, because DOE
relied on a hybrid analysis approach, including the efficiency-level approach, DOE’s cost
estimates reflect both power supply types based on the units torn down at each efficiency level
and product class. DOE did not use low-standby controls as a design option in the design-option
approach portion of the preliminary analysis because of the relatively large jumps in efficiency
between the analyzed IEF levels. DOE concluded that manufacturers would rely on other
changes, such as improved compressor efficiency and heat exchanger optimization, to achieve
the higher efficiencies. For this NOPR analysis, DOE maintained this approach when
considering low-standby-loss electronic controls as a design option.

Washable air filters

DOE found that all portable dehumidifiers in its test and teardown sample included
washable air filters. Manufacturer instructions suggest that the consumer periodically clean the
filter to minimize particulate build up and ensure optimal performance. However, because units
typically already incorporate a washable air filter, DOE did not consider this as a design option
to improve efficiency in this analysis.

Heat pipes

As discussed in chapter 4 of this NOPR TSD, DOE screened out heat pipes as a design
option for portable dehumidifiers with capacity up to and including 45.00 pints/day. The size and
weight of added heat pipes would have less of an impact on consumer utility for portable units
with capacity more than 45.00 pints/day and for whole-home dehumidifiers.

DOE was unable to find any residential dehumidifiers that use heat pipes to boost
performance by pre-cooling the inlet evaporator air. DOE is aware that units incorporating heat
pipes existed on the market until 2010, at which point the manufacturer chose to discontinue the
product line for reasons unknown to DOE. Although heat pipes have been incorporated in the
past, DOE does not expect manufacturers to use this design option to achieve higher efficiencies
because pre-cooling air-to-air heat exchangers accomplish the same function of pre-cooling the
air entering the evaporator, likely with similar efficiency improvements. However, pre-cooling
air-to-air heat exchangers lower the temperature of the incoming air using a simpler design. They
do not require a heat transfer liquid and can be made of less costly materials. Accordingly, the
air-to-air heat exchangers are likely lower cost than equivalent heat pipes that accomplish the
same function. Therefore, DOE did not further consider heat pipes in its analysis because it
tentatively concludes that manufacturers of whole-home and higher-capacity portable
dehumidifiers would likely use pre-cooling air-to-air heat exchangers in their place.

Improved refrigeration system insulation

Through teardowns, DOE observed that manufacturers typically include insulation on the
refrigeration system. The most commonly insulated parts of the system are the evaporator outlet
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and compressor inlet. However, DOE did not observe that the products at higher efficiency levels
include different insulation types or quantities. Further, manufacturers did not indicate that
higher efficiencies could be achieved with more insulation, although some manufacturers
commented that insulating the product’s case typically helps the unit’s noise performance.
Because DOE did not observe a relationship between product efficiency and refrigeration system
insulation, it did not consider this as a design option when developing cost-efficiency curves in
this NOPR analysis. However, because DOE used a hybrid approach for this analysis, the
estimated costs for each product torn down reflect the type and quantity of insulation included in
those products.

Refrigerant-desiccant systems

DOE is aware that refrigerant-desiccant systems may offer improved performance,
particularly in low-temperature installations where defrosting may be a concern for refrigerant-
only dehumidifiers. DOE investigated the potential improvements in efficiency and capacity
from incorporating a desiccant wheel in a whole-home dehumidifier. Based on testing, DOE did
not observe any efficiency or capacity improvement with incorporating a desiccant wheel.
However, DOE notes that testing under appendix X1 is conducted at an ambient temperature
where defrosting is likely not a concern, so it may not reflect the improvements associated with a
refrigerant-desiccant system at low temperatures. Because DOE did not observe higher
efficiencies for refrigerant-desiccant units under representative ambient conditions, it did not
further consider refrigerant-desiccant systems as a design option in this analysis.

5.5.4 Numerical Model

Although DOE tested and tore down a large sample of units from different manufacturers
at varying capacities and efficiencies in support of the preliminary analysis, the sample did not
cover the entire range of capacities and efficiency levels that DOE analyzed for potential
standards. To fill in gaps in the teardown sample, DOE used a numerical model to estimate unit
performance at different efficiency levels and capacities. DOE continued to use the modeled
performance results in support of this NOPR analysis.

5.5.4.1 Summary

To conduct the energy modeling, DOE used the MarkN program developed for use in the
most recent room air conditioner energy conservation standards direct final rule. 76 FR 22454
(Apr. 21, 2011). The MarkN program was itself an update of an adaptation to the Oak Ridge
National Laboratory Mark III Heat Pump program for modeling room air conditioner cooling
performance. This program was originally used in support of the 1997 room air conditioner
standards final rule. 62 FR 50122 (Sep. 24, 1997). The 1997 final rule and 2011 TSD® provide
further details regarding the use of these programs in support of the room air conditioner
rulemakings.

¢ The TSD in support of the 2011 room air conditioners final rule can be found at:
hitp://www.regulations.gov/#!documentDetail, D=EERE-2007-BT-STD-0010-0053
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DOE modified the room air conditioner numerical model for the dehumidifier analysis
because both product types use similar technologies—an evaporator to absorb heat from an air
stream, a compressor, a condenser to eject heat to an air stream, and an expansion device
between the two heat exchangers. The only major difference in the operation of the two product
types is the airflow through the unit. Room air conditioners have two separate air streams
through the unit, one for the indoor air to be cooled over the evaporator and the other for the
external air that absorbs the heat rejected by the condenser. Dehumidifiers pass the same air
stream over the evaporator and condenser, first cooling the air on the evaporator to condense
water, then re-heating the air over the condenser before exhausting the drier air back to the room
or return air stream.

To account for this difference in operation, DOE adjusted the MarkN model to set the
condenser inlet air conditions (typically the outdoor air conditions for room air conditioners)
equal to the evaporator outlet air conditions (typically the indoor return air conditions for room
air conditioners). Through an iterative process, the revised program adjusts the condenser inputs
for the MarkN program until they are within a tolerance of the evaporator outlet conditions,
effectively modeling one air stream through both heat exchangers.

5.5.4.2  Analysis Method

In the preliminary analysis, DOE first used the numerical model to simulate unit
performance for the models in the test and teardown sample. The model inputs include product
component specifications and the ambient operating conditions. DOE obtained component
information from the product teardowns, including heat exchanger construction (number of rows,
tube passes, tube spacing, fin spacing, etc.), refrigerant tubing (lengths and diameters of
inlet/outlet tubes and capillary tubes), and compressor specifications.

The model requires detailed compressor operating information, including the mapping
coefficients for refrigerant mass flow and power input at varying evaporator and condenser
operating temperatures. DOE lacked this information for most units in the teardown and test
sample. However, DOE used the data from testing to calibrate the model for each individual unit
using a base case of compressor mapping inputs. After calibrating the model, DOE achieved
close agreement between the model outputs and test data at both 80 °F and 65 °F ambient dry-
bulb temperatures.

DOE then used the model to determine the design changes necessary to reach different
efficiency levels or capacity ranges not covered by the models in the teardown sample. For most
portable dehumidifiers, DOE observed that manufacturers typically use two methods to increase
product efficiency: (1) improving the compressor efficiency, and (2) increasing the heat
exchanger cross-sectional areas. Based on inputs from manufacturer interviews, DOE is aware
that improving compressor efficiency is likely the first option to improve a unit’s efficiency
before increasing the heat exchanger sizes. Increasing heat exchanger area could also require a
change to a larger case size, which requires a higher material cost per unit, significant conversion
costs to update the manufacturing facilities, and can increase shipping costs if fewer units can be
transported in shipping containers. So, DOE assumed that manufacturers would first maximize
the compressor efficiency within a unit to achieve higher efficiencies.
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To determine appropriate ranges of compressor efficiencies, DOE surveyed available
efficiencies for rotary R-410A compressors over the range of typical compressor capacities
observed in dehumidifiers. As shown in Figure 5.5.4.1, compressors are available within this
capacity range at rated energy efficiency ratios (EERs) ranging from roughly 8.5 to 10.5 British
thermal units per hour per W (Btu/h/W). DOE notes that this range represents a limited number
of compressors based on a survey of the market, not necessarily those observed during
teardowns. DOE lacked rated information on the compressors found during teardowns, but
expects the range presented in Figure 5.5.4.1 to be representative of compressors available to
dehumidifier manufacturers.
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Figure 5.5.4.1 R-410A Compressor Performance Characteristics

In cases for which increasing compressor EER to 10.5 Btu/h/W did not result in a
sufficient increase in IEF to reach a certain efficiency level, DOE additionally increased the
condenser and evaporator cross-sectional areas in the model inputs. Improved compressor
efficiencies and increased heat exchanger areas allowed DOE to analyze the design changes
needed to meet each efficiency level for the lower-capacity portable and smaller-volume whole-
home dehumidifier product classes. At higher efficiency levels, the highest-capacity portable and
large-volume whole-home dehumidifier product classes incorporate inlet air-to-air heat
exchangers. The numerical model did not incorporate a feature to simulate an inlet air-to-air heat
exchanger, so DOE relied on unit teardowns for the analysis at these higher efficiency levels.

For this NOPR analysis, DOE incorporated further efficiency improvements to the
modeled results from the preliminary analysis. As discussed in section 5.5.3.2, DOE included
improved fan-motor efficiency at the max-tech efficiency level. To implement this design
change, DOE decreased the fan power while keeping all other dehumidifier operation constant.
DOE estimated that the permanent-magnet motors had an 80-percent efficiency compared to 60-
percent efficiency for PSC motors.
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5.5.5 Cost Estimates

For the models in the preliminary analysis teardown sample, DOE developed
manufacturer cost estimates based on the method outlined in section 5.4.4. As discussed above,
DOE did not tear down units from each manufacturer at each capacity and efficiency level.
Instead, DOE relied on the numerical model to determine the design changes needed for a model
in the teardown sample to reach a given efficiency or capacity level. DOE estimated that if a
switch to a more efficient compressor was the only necessary design change, there would be no
additional changes to the rest of the product. However, for units requiring larger heat exchangers,
DOE scaled the size of the case and other related components to accommodate the larger coils.

In developing its cost estimates, DOE lacked detailed compressor pricing information.
The compressor is often the most costly component in a dehumidifier, typically representing 20
to 30 percent of the product’s material cost. DOE requested compressor pricing during
manufacturer interviews, but did not receive enough detailed information to develop cost
estimates for all of the compressors found during teardowns or specified through the numerical
model.

DOE did, however, receive compressor pricing information from manufacturers during
the 2011 energy conservation standards rulemaking for room air conditioners. Dehumidifiers and
certain room air conditioners both use similar rotary compressors for R-410A refrigerant. Figure
5.5.5.1 presents the compressor cost information gathered during the room air conditioner
rulemaking, and presented in chapter 5 of that direct final rule TSD.
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Figure 5.5.5.1 R-410A Compressor Cost from Room Air Conditioner Energy Conservation
Standards Direct Final Rule Analysis
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DOE observed that certain dehumidifiers use compressors with capacities less than 5,000
Btu/h, which are not represented by the curve. To model the costs of these lower compressor
capacities, therefore, DOE extrapolated the curve using a linear relationship between $0 and 0
Btu/h capacity and the endpoint of the curve at 5,000 Btu/h capacity.

DOE used this same approach for developing cost estimates in the NOPR engineering
analysis; however DOE updated its analysis to reflect costs in 2013 dollars and to account for the
changes to product classes and efficiency levels as discussed earlier in this chapter.

5.5.5.1 Cost Estimates

As discussed in the previous sections, DOE either tore down or developed models for
units at each efficiency level for the different product classes. DOE developed manufacturing
cost estimates for each product, and determined the incremental manufacturing cost needed to
meet each efficiency level when compared to the baseline for a given product class. Table 5.5.5.1
presents the incremental manufacturing costs developed for the preliminary analysis.

Table 5.5.5.1 Preliminary Analysis Manufacturer Production Costs (20128)

Portable Product Class Capacity Whole-Home Product
(pints/day) Class Case Volume (i)
Efficiency Level | < 20.00 2306?010_ 3305'?010‘ 3455'?010‘ > 45.00 <8.0 > 8.0
ELI1 $- $- $- $- $38.40 $15.22 $6.14
EL2 $1.56 $1.85 $2.94 $1.98 $49.16 $76.18 $37.05
EL3 $4.64 $3.78 $8.72 $7.56 $100.13 N/A $112.01
EL4 $7.77 $10.82 $13.40 $11.24 N/A N/A N/A

Based on the updates to the engineering analysis made for this NOPR, DOE developed
revised incremental manufacturing costs, as presented in Table 5.5.5.2.

Table 5.5.5.2 NOPR Analysis Manufacturer Production Costs (2013$)

Portable Product Class Capacity Whole-Home Product Class Case
(pints/day) Volume (/)
Efficiency Level <30.00 30.01-45.00 > 45,00 <8.0 > 8.0
EL1 $- $- $42.81 $15.30 $6.20
EL2 $1.69 $2.39 $53.66 $129.22 $37.20
EL3 $4.27 $8.07 $120.33 N/A $161.39
EL4 $19.38 $22.42 N/A N/A N/A

DOE notes that the portable dehumidifier product classes with capacities up to and
including 45.00 pints/day have zero incremental cost for reaching the first efficiency level. As
discussed in section 5.3.1, the baseline IEF’s for these product classes assume the presence of fan
operation in off-cycle mode. DOE did not observe any unique design features associated with the
presence or absence of fan operation during off-cycle mode, and expects the only cost associated
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with eliminating fan operation to be the cost of reprogramming the unit controls. Because this is
only a design cost, DOE does not expect any additional production cost for this change.
Accordingly, DOE estimated zero incremental cost to reach EL1 for these product classes.
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CHAPTER 6. MARKUPS ANALYSIS

6.1 INTRODUCTION

To carry out its economic analyses of potential new energy conservation standards for
dehumidifiers, the DOE must determine the cost to the consumer of both baseline products (i.e.,
products not subject to new energy conservation standards) and more efficient products. There
are two types of markups: (1) baseline markups on the direct business costs of products having
baseline efficiency (baseline products) and (2) incremental markups on incremental product costs
of higher-efficiency products. DOE estimated consumer prices for baseline products by applying
a baseline markup to the manufacturer selling prices (MSP) estimated in the engineering
analysis. For products having higher-than-baseline efficiency, DOE estimated consumer prices
by applying appropriate markups to the incremental MSP estimated in the engineering analysis.

In the rulemaking for residential dehumidifiers, DOE is considering two product types:
portable and whole-home dehumidifiers. The markups applied to the two product types differ
because the products generally follow different distribution channels, as discussed below. Both
product types, however, will receive manufacturer markups, as described in section 6.3.

DOE has identified three product classes of portable dehumidifiers, and two of whole-
home dehumidifiers. In this analysis, DOE assumed that the market saturation rate for each of
the five dehumidifier product classes varies by the geographical regions defined in the 2009
Residential Energy Consumption Survey (RECS 2009)1 and based on the U.S. population
projection for 2019. Therefore, DOE calculated regional markups for each dehumidifier product
class.

6.2 MANUFACTURER MARKUP

A manufacturer applies a markup to transform production costs into a manufacturer
selling price (MSP). DOE used the manufacturer’s cost of goods sold (CGS) and gross margin
(GM), along with the following equation, to calculate the manufacturer markup (MU,rc).

CGS ypg + GM yyp

MU =
MFG CG SMFG
Where:
MUyrg= manufacturer’s markup,
CGSyrg = manufacturer’s cost of goods sold (or manufacturer production cost), and
GMyrg = manufacturer’s gross margin.

The manufacturer’s CGS plus its GM equals the MSP. Both baseline products and those
produced under new energy conservation standards receive the same manufacturer markup. DOE
determined the manufacturer markup for all five product classes of dehumidifiers to be 1.45.
More detailed information on deriving manufacturer markups is described in chapter 5,
Engineering Analysis.
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6.3 DISTRIBUTION CHANNELS

The final markups for determining consumer product prices depend on the type of
distribution channels through which the products move from manufacturers to consumers. At
each point in the distribution channel, companies mark up the price of a product to cover their
business costs and profit margin. In the rulemaking for residential dehumidifiers, DOE is
considering two product types, portable and whole-home dehumidifiers. Given the differences in
their applications, the two product types likely follow different distribution channels from
manufacturer to end user. Data from the AHAM? indicate that most portable dehumidifiers are
sold through retail outlets, shown as in Figure 6.3.1.

Manufacturer Retailer Consumer

Figure 6.3.1 Distribution Channel for Portable Dehumidifiers

Because whole-home dehumidifiers usually are installed as part of the residential cooling
and heating system, DOE assumes they follow the same distribution channel as do central air
conditioners and forced-air heating systems. There are two primary markets that determine how
those products pass from the manufacturer to the consumer: one the replacement market and the
other first time owners. In the distribution channel for replacements, the manufacturer generally
sells the product to a wholesaler, who in turn sells it to a mechanical contractor, who in turn sells
it to the consumer. The distribution channel for first time owners includes an additional step—
the general contractor, who buys the product from the mechanical contractor and installs it in the
home for the consumer.

Figure 6.3.2 illustrates the two primary distribution channels for whole-home
dehumidifiers.

Replacement:

Manufacturer » Wholesaler __ Mechanical | concumer
Contractor

First Time Owner:

Manufacturer ___  Wholesaler » Mechanical > General » Consumer
Contractor Contractor

Figure 6.3.2 Distribution Channels for Whole-Home Dehumidifiers
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6.3.1 Calculating Markups

At each point in a distribution channel, companies mark up the price of a product to cover
their business costs and profit margin. In financial statements, GM is the difference between the
company revenue and the company cost of sales, or CGS. A company’s GM includes expenses
associated with the distribution channel—overhead costs (sales, general, and administration);
research and development; interest expenses; depreciation; taxes—and company profits. To
cover costs and to contribute positively to company cash flow, the price of products must include
a markup. Products command lower or higher markups depending on company expenses
associated with the product and the degree of market competition. In formulating markups for
dehumidifiers, DOE obtained data about the revenue, CGS, and expenses of firms that produce
and sell portable or whole-home dehumidifiers.

6.4 MARKUPS FOR PORTABLE DEHUMIDIFIERS

Consumers generally purchase portable dehumidifiers directly from retailers. Because
they do not have to be installed in an air-conditioning or forced-air system, portable
dehumidifiers incur no markups associated with contractors.

6.4.1 Methodology for Retailer Markups

DOE based the retailer markups for portable dehumidifiers on financial data for
electronics and appliance stores from the 2012 U.S. Census Annual Retail Trade Survey (ARTS),
which is the most recent survey that includes industry-wide detailed operating expenses for that
economic sector.” DOE organized the financial data into statements that break down cost
components incurred by firms in the sector. DOE assumes that the income statements faithfully
represent the various average costs incurred by firms selling home appliances. Although
electronics and appliance stores handle multiple commodity lines, the data provide the best
available indication of expenses for selling portable dehumidifiers.

The baseline markup changes the MSP of baseline products to the retailer sales price.
DOE considers baseline models to be products sold under current market conditions (i.e., without
new energy conservation standards). DOE used the following equation to calculate an average
baseline markup (MUp,sg) for retailers.

_CGSppy, +GM

MU =
BASE CGSRTL
Where:
MUgysp= retailer’s baseline markup,
CGSprr = retailer’s CGS, and
GMgy = retailer’s GM.

Incremental markups are coefficients that relate the change in the MSP of higher-
efficiency models to the change in retailer sales price. DOE considers higher-efficiency models
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to be products sold under market conditions having new efficiency standards. The incremental
markup reflects the retailer’s increase in a product’s CGS because of new or amended standards.

There is, unfortunately, a lack of empirical data regarding appliance retailer markup
practices in response to a product’s cost increase (due to increased efficiency or other factors).
DOE understands that real-world markup practices vary depending on the market conditions that
retailers face and on the magnitude of the change in CGS. Pricing in retail stores also may
involve rules of thumb that are difficult to quantify and to incorporate into DOE’s analysis.

Given the uncertainty about actual markup practices in appliance retailing, DOE’s
approach reflects the following key concepts.

1. Changes in the efficiency of goods sold are not expected to increase economic profits.
Thus, DOE calculates markups/gross margins to allow cost recovery for retail companies
in the distribution channel (including changes in the cost of capital) without changes in
company profits.

2. Efficiency improvements affect some distribution costs but not others. DOE sets markups
and retail prices to cover the distribution costs expected to change with efficiency, but not
the distribution costs that are not expected to change with efficiency.

The approach to incremental markups is described in more detail in Dale and Fuj ita.* To
estimate incremental retailer markups, DOE divides retailers’ operating expenses into two
categories: (1) those that do not change when CGS increases because of amended efficiency
standards (“invariant”), and (2) those that increase proportionately with CGS (“variant”). DOE
defines invariant costs as including labor and occupancy expenses, because those costs likely
will not increase as a result of a rise in CGS. All other expenses, as well as net profit, are
assumed to vary in proportion to CGS. Although it is possible that some other expenses may not
scale with CGS, DOE takes a conservative position that includes other expenses as variant costs.
(Note: under DOE’s approach, a high fixed cost component yields a low incremental markup.)

DOE used the following equation to calculate the incremental markup (MU ycr) for
retailers.

_CGSyyy +VCyy,

MU =
INCR CGSRTL
Where:
MUjncr= retailer’s incremental markup,
CGSpr = retailer’s cost of goods sold, and
VCryr = retailer’s variant costs.

In developing incremental markups, DOE envisions that retailers cover costs without
changing profits. Although retailers may be able to reap higher profits for a time, DOE’s
approach assumes that competition in the appliance retail market, combined with relatively
inelastic demand (i.e., the demand is not expected to decrease significantly in response to a
relatively small increase in price), will tend to pressure retail margins back down.

6-4



To measure the degree of competition in appliance retailing, DOE estimated the four-firm
concentration ratio (FFCR) of major appliance sales in three retail channels: electronics and
appliance stores, building materials and supplies dealers, and general merchandise stores.

The FFCR represents the market share of the four largest firms in a given sector. Generally, an
FFCR of less than 40 percent indicates that the sector is not concentrated; an FFCR of more than
70 percent indicates that a sector is highly concentrated.” b

The FFCR of appliance sales within each retail channel is equal to the sector FFCR times
the percent of total sales within each channel accounted for by major appliances. As shown in

¢ University of Maryland University College: http://info.umuc.edu/mba/public/ AMBA607/IndustryStructure.html .
® Quick MBA: http://www.quickmba.com/econ/micro/indcon.shtml .
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Table 6.4.1, appliance sales in electronics and appliance stores, household appliance stores,
building materials and supplies dealers, and general merchandise stores have a FFCR less than
the 40-percent threshold. The electronics and appliance stores sector includes a subsector titled
“household appliance stores.” Because that subsector includes numerous stores, it has a FFCR of
only 21.3 percent.
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Table 6.4.1 Four-Firm Concentration Ratio for Major Appliance Sales in Three Retail
Channels

Percent of Sales FFCR
Accounted for by (% of Major
Major Appliances (%) | Appliance Sales)

FFCR (% of

Sector Sector Sales)

Electronics and appliance

46.3 42.1 19.5
stores
Subs?ctor: household 213 37.1 7.9
appliance stores
Building materials and 45.9 17.0 7.8

supplies dealers

General merchandise stores 73.2 31.6 23.1

Source: U.S. Economic Census. Establishment and Firm Size (Including Legal Form of Organization). 2007.
*Note: It is assumed that major appliance sales are uniformly distributed within all firms in each sector.

6.4.2 Derivation of Retailer Markup for Portable Dehumidifiers

The 2012 ARTS data for electronics and appliance stores provide total sales data and
detailed operating expenses. To construct a complete data set for estimating markups, DOE
needed to estimate CGS and GM. The most recent 2012 ARTS publishes a separate document
containing historical sales and gross margin from 1993 to 2012 for household appliance stores.
DOE took the GM as a percent of sales reported for 2012 and combined that percent with
detailed operating expenses data from 2012 ARTS to construct a complete income statement for
electronics and appliance stores to estimate both baseline and incremental markups. Table 6.4.2
shows the calculation of the baseline retailer markup.

Table 6.4.2 Data for Calculating Baseline Markup: Electronics and Appliance Stores

Business Item Amount ($1,000,000)
Sales 102,998
Cost of goods sold (CGS) 73,946
Gross margin (GM) 29,052
Baseline markup = (CGS+GM)/CGS 1.39

Source: U.S. Census, 2012 Annual Retail Trade Survey.

Table 6.4.3 shows the breakdown of operating expenses for electronics and appliance
stores based on the 2012 ARTS data. The incremental markup is calculated as 1.13.
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Table 6.4.3 Data for Calculating Incremental Markup: Electronics and Appliance

Business Item Amount
($1,000,000)

Sales 102,998
Cost of goods sold (CGS) 73,946
Gross margin (GM) 29,052
Labor & Occupancy Expenses (invariant)
Annual payroll 11,371
Employer costs for fringe benefit 2,023
Contract labor costs, including temporary help 209
Purchased utilities, total 529
Cost of purchased repair and maintenance services 386
Cost of purchased professional and technical services 1,117
Purchased communication services 362
Lease and rental payments 3,166
Taxes and license fees (mostly income taxes) 451

Subtotal: 19,617
Other Operating Expenses & Profit (variant)
Expensed equipment 75
Cost of purchased packaging and containers 47
Other materials and supplies not for resale 463
Cost of purchased transportation, shipping, and warehousing services 567
Cost of purchased advertising and promotional services 1,961
Cost of purchased software 122
Cost of data processing and other purchased computer services, except 230
communications + commissions paid
Depreciation and amortization charges 1,564
Other operating expenses 2,113
Net profit before tax (operating profit) 2,243

Subtotal: 9,435
Incremental markup = (CGS + Total Other Operating Expenses and
Profit)/CGS 1.13

Source: U.S. Census. 2012 Annual Retail Trade Survey.

6.5 MARKUPS FOR WHOLE-HOME DEHUMIDIFIERS

DOE examined the manner in which wholesaler and contractor markups may change in
response to changes in whole-home dehumidifier efficiency levels and other factors. Using the
available data, DOE estimated that there are differences between incremental markups on
incremental equipment costs of higher efficiency products and the baseline markup on direct
business costs of products with baseline efficiency. Since the whole-home dehumidifiers are
normally handled and installed by the HVAC experts, the data collected for this product are
based on HVAC industry.

DOE derived the wholesaler and contractor markups from three key assumptions about
the costs associated with whole-home dehumidifiers. DOE based the wholesaler and mechanical
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contractor markups on firm-level income statement data, and based the general contractor
markups on U.S. Census Bureau data for the residential building construction industry. DOE
obtained the firm income statements from the Heating, Air-conditioning & Refrigeration
Distributors International (HARDI) 2013 Profit Report and from the Air Conditioning
Contractors of America (ACCA) 2005 Financial Analysis.s’ % HARDI and ACCA are trade
associations representing wholesalers and mechanical contractors, respectively. DOE used the
financial data from the 2007 U.S. Census of Business for developing general contractor markups
in the same form as the income statement data for wholesalers and mechanical contractors. The
key assumptions used to estimate markups using these financial data are:

1. Firm income statements faithfully represent the various average costs incurred by
firms that distribute and install whole-home dehumidifiers.

2. Costs can be divided into two categories: (1) costs that vary in proportion to the MSP
of dehumidifiers (variant costs); and (2) costs that do not vary with the MSP of
dehumidifiers (invariant costs).

3. Overall, wholesale and contractor prices for dehumidifiers vary in proportion to the
wholesaler and contractor costs for dehumidifiers included in the income statements.

In support of the first assumption, the income statements divide firm costs into various
expense categories, including direct costs to purchase or install the product, 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,
heat pumps, and boilers, the HARDI and ACCA data provide the best available indication of the
expenses associated with wholesaling or installing dehumidifiers.

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 appliances. In the following discussion, 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).

In support of the third assumption, the HVAC wholesaler and contractor industry is
competitive, and consumer demand for heating and air conditioning is inelastic; that is, demand
does not decrease significantly in response to an increase in product price. The large number of
HVAC firms listed in the 2007 Census indicates the competitive nature of the market. The 2007
Census lists, for example, more than 700 HVAC manufacturers,7 5,300 wholesalers of heat
pumps and air-conditioning equipment,8 more than 170,000 general residential contractors,” and
91,000 HVAC contractors.'’ Following standard economic theory, competitive firms facing
inelastic demand either set prices in line with costs or quickly go out of business. "’

DOE concluded that markups for more efficient products are unlikely to be proportional
to all direct costs. When the wholesaler’s purchase price of products increases, for example, only
a fraction of the business expenses increases, while the rest may remain relatively constant. If the
unit price of a dehumidifier increases by 30 percent because of improved efficiency, for example,
it is unlikely that the cost of secretarial support in an administrative office also will increase by
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30 percent. Therefore, DOE assumed that incremental markups cover only those costs that scale
with a change in the MSP (variant costs).

6.5.1 Methodology for Wholesaler Markups

Applying the assumptions described above, DOE developed baseline and incremental
markups for wholesalers using the firm income statement from the HARDI 2013 Profit Report.
Appendix 6A.1 presents the HARDI itemized revenues and costs in full. Baseline markups cover
all the wholesaler’s costs (both invariant and variant). DOE calculated the baseline markup for
wholesalers using the following equation.

CGSWHOLE + GMWHOLE CGSWHOLE + (IVCWHOLE + VCWHOLE)

M UBASE = =
CGSWHOLE CGS WHOLE

Where:
MUgysg = wholesaler’s baseline markup,
CGSwhoLE = wholesaler’s cost of goods sold,
GMwruorr = wholesaler’s gross margin,
1IVCwhote = wholesaler’s invariant costs, and
VCwhore = wholesaler’s variant costs.

Incremental markups are coefficients that relate the change in the MSP of more energy
efficient models, or those products 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 MSP (variant costs). DOE used the following equation to
calculate the incremental markup (MU ycr) for wholesalers.

MU[NCR — CGSWHOLE + VCWHOLE
CGSWHOLE
Where:
MUjncr= wholesaler’s incremental markup,
CGSwroLE = wholesaler’s cost of goods sold, and
VCwrhoLE= wholesaler’s variant costs.

6.5.2 Derivation of Wholesaler Markups

Wholesalers reported median data in the confidential survey that HARDI conducted of
member firms.® Table 6.5.1 summarizes the data as cost-per-dollar sales revenue and CGS.
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Table 6.5.1 Wholesaler Expenses and Markups

Per Dollar Per Dollar Cost
Descriptions Sales Revenue of Goods
$ $

Direct Cost of Equipment Sales: Cost of goods sold 0.739 1.000
Labor Expenses: Salaries and benefits 0.151 0.204
Occupancy Expense: Rent, maintenance, and utilities 0.035 0.047
Other Operating Expenses: Depreciation, advertising, and 0.052 0.070
insurance.

Operating Profit 0.023 0.031
Wholesaler Baseline Markup (MUywyoLE BAsE) 1.353
Incremental Markup (MUywnoLE incr) 1.101

Source: Heating, Air Conditioning & Refrigeration Distributors International. 2013. 2013 Profit Report (2012 data).

Based on the information in Table 6.5.1, direct product 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 CGS. Labor expenses represent $0.15 per dollar of sales revenue;
occupancy expenses represent $0.04; other operating expenses represent $0.05; and profit
accounts for $0.02 per dollar sales revenue.

DOE converted the expenses per dollar sales into expenses per dollar CGS by dividing
each value in the first data column by $0.74 (i.e., CGS per dollar of sales revenue). The data in
column two show that, for every $1.00 spent on products, the wholesaler allocates $0.204 to
cover labor costs, $0.049 to cover occupancy expenses, $0.070 for other operating expenses, and
$0.031 in profits. A total of $1.353 in sales revenue is earned for every $1.00 spent on products.
Therefore, the baseline wholesaler markup (MUwrore sase) is 1.353 ($1.353 + $1.00).

DOE also used the data in column two to estimate the wholesaler’s incremental markup.
The incremental markup depends on which of the costs in Table 6.5.1 are variant and which are
invariant with MSP. For example, for a $1.00 increase in MSP, if all the other costs scale with
the MSP (i.e., all costs are variant), the increase in wholesale price will be $1.353, implying that
the incremental markup is 1.353, or the same as the baseline markup. At the other extreme, if
none of the other costs are variant, then a $1.00 increase in MSP will lead to a $1.00 increase in
the wholesale price, for an incremental markup of 1.0. DOE believes that the labor and
occupancy costs will be invariant and that the other operating costs and profit will scale with the
MSP. In this case, for a $1.00 increase in MSP, the wholesale price will increase to match
changes in "other" operating costs and operating profit of $0.075, which when divided by 73.9
cents in CGS yields an increase of $0.103, for a wholesaler incremental markup (MUwrore ivcr) of
1.101.

6.5.3 Methodology for Contractor Markups

The type of financial data used to estimate markups for wholesalers is also available for
mechanical and general contractors from the ACCA Financial Analysis® and the 2007 Economic
Census. To estimate to mechanical contractors for whole-home dehumidifiers, DOE collected
financial data from the Plumbing and HVAC Contractors (NAICS 23822) series from the 2007
Economic Census. To estimate general contractor markups for whole-home dehumidifiers, DOE
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collected data from the Residential Building Construction series from the 2007 Economic
Census, which is the aggregation of New Single-Family General Contractors (NAICS 236115),
New Multifamily Housing Construction (NAICS 236116), New Housing Operative Builders
(NAICS 236117), and Residential Remodelers (NAICS 236118). ACCA financial data provide
GM as a percent of sales for the mechanical contractor industry. Baseline markup can be derived
using the following equation.

Sales(%)
Sales(%) — GM (%)

BASE —

The U.S. Census data include the number of contractor establishments, payroll for
construction workers, value of construction, cost of materials, and cost of subcontracted work at
both state and national levels. DOE calculated the baseline markup for mechanical and general
contractors using the following equation.

MUBASE — VCONSTRUCT
Pay + MatCost + SubCost

Where:
MU ;o = baseline markup for mechanical contractor or general contractor,
Veonsmruer = value of construction,
Pay= payroll for construction workers,
MatCost = cost of materials, and
SubCost = cost of subcontracted work.

Analogously, DOE estimated the incremental mechanical and general contractor markups
by marking up only those variant costs that scale with a change in the MSP for more energy
efficient products. DOE categorized the Census cost data in each major category and used the
following equation to estimate markups.

MU _ CGSCONT + VCCONT
INCR —
CGS CONT
Where:
MU pcr= contractor’s incremental markup,
CGSconr= contractor’s cost of goods sold, and
VCconr= contractor’s variant costs.

6.5.4 Derivation of Markups for Mechanical Contractors

This section describes markups for whole-home dehumidifiers applied by the mechanical
contractor. After first presenting aggregate markups, this section divides those markups into
categories of replacement and first time owner market.
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6.5.4.1 Aggregate Markups for Mechanical Contractors

The 2007 Economic Census provides a Geographic Area series for the Plumbing and
HVAC Contractors (NAICS 23822) sector, which contains national average sales and cost data,
including value of construction, cost of subcontract work, cost of materials, and payroll for
construction workers. It also provides the cost breakdown of GM, including labor expenses,
occupancy expenses, other operating expenses, and profit. The gross margin provided by the
U.S. Census is disaggregated enough that DOE was able to determine the invariant and variant
costs for the sector. By using the equations presented above, DOE estimated baseline and
incremental markups, as shown in Table 6.5.2. (Appendix 6A.2 contains the full set of data.)

Table 6.5.2 Mechanical Contractor Expenses and Markups Based on Census Data

Mechanical Contractor
Expenses and Revenue
Description Per Dollar | Per Dollar
Sales Cost of
Revenue (§) | Goods (%)
Direct cost of products (CGS) 0.68 1.00
Labor expenses (salaries [indirect] and benefits) 0.18 0.26
Occupancy expenses (rent, maintenance, and utilities) 0.02 0.03
Other operating expenses (depreciation, advertising, and 0.08 0.12
insurance)
Net profit before taxes 0.04 0.06
Baseline markup (MUMECH BASE): revenue per $ CGS 1.48
Incremental markup (MUMECH INCR): increased revenue per $ increase 1.18
in CGS

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

The first data column in Table 6.5.2 provides the CGS and a list of GM components as
expenses per dollar of sales revenue. As shown in the table, the direct cost of sales represents
about $0.68 per dollar sales revenue to the mechanical contractor, and the gross margin totals
$0.32 per dollar sales revenue. DOE converted those expenses per dollar sales into revenue per
dollar CGS by dividing each figure in the first data column by $0.68. For every $1.00 spent on
products, the mechanical contractor earns $1.00 in sales revenue to cover the product cost and
$0.48 to cover other costs. The $1.48 in sales revenue earned for every $1.00 spent on product
costs is equivalent to a baseline markup (MUwuecr conrsase) of 1.48 for mechanical contractors.

DOE used the data in column two of Table 6.5.2 to estimate incremental markups, after
classifying the costs as either invariant or variant. At one extreme, if all of the other costs scale
with the product cost (i.e., all costs are variant), the increase in mechanical contractor cost will
be $1.48, implying that the incremental markup is 1.48, or the same as the baseline markup. At
the other extreme, if none of the other costs are variant, then a $1.00 increase in product price
will lead to a $1.00 increase in the mechanical contractor price, for an incremental markup of
1.0. DOE believes the labor and occupancy costs are invariant and the other operating costs and
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profit are variant. In that case, for a $1.00 increase in product cost, the mechanical contractor’s
price will increase by $1.18, for an incremental markup (M Uwecr cont vcr) of 1.18.

6.5.4.2 Mechanical Contractor Markups in the Replacement and First Time
Owner Markets

DOE derived the baseline and incremental markups for both replacement and new
construction markets using the 2007 Economic Census industrial cost data'? supplemented with
the ACCA 2005 financial data.” The 2007 Economic Census provides a sufficiently detailed cost
breakdown for the Plumbing and HVAC Contractors (NAICS 23822) sector to enable DOE to
estimate baseline and incremental markups for mechanical contractors. The 2007 Economic
Census does not separate the mechanical contractor market into replacement and first time owner
markets, however. In order to calculate markups for the two markets, DOE utilized 2005 ACCA
financial data, which reports GM data for the entire mechanical contractor market and for both
the replacement and first time owner markets.

HVAC contractors, defined here as mechanical contractors, reported median cost data in
the ACCA’s 2005 financial analysis of the HVAC industry. Those data are shown in Table 6.5.3.

Table 6.5.3 Baseline Markup, All Mechanical Contractors

Contractor Expenses or
Revenue
Description Per Dollar Per Dollar
Sales Revenue | Cost of Goods
® ®

Direct cost of product sales (CGS) 0.73 1.00
Gross margin (labor, occupancy, operating expenses, 0.27 037
and profit)
Revenue (baseline revenue earned per $ CGS) 1.37
Baseline markup (M U MECH CONT BASE) 1.37

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

Table 6.5.4 summarizes the GM and resulting baseline markup data for all mechanical
contractors who serve the replacement and first time owner markets.
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Table 6.5.4 Baseline Markups for Replacement and First Time Owner Markets, All
Mechanical Contractors

Contractor Expenses or Revenue by Market Type
Replacement First Time Owners
Description Per Dollar | Per Dollar | Per Dollar | Per Dollar
Sales Cost of Sales Cost of
Revenue Goods Revenue Goods
® ® ® ®
Direct cost of product sales
(CGS) 0.703 1.000 0.745 1.000
Gross margin (labor, occupancy, 0.297 0.422 0.255 0.342
operating expenses, and profit) ' ' ' '
Baseline markup (MUMECH
CONT BASE), revenue per $ NA 1.42 NA 1.34
CGS
Difference compared to
aggregate baseline markup (%) NA 36 NA 2.2

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

Using the baseline markup data from Table 6.5.4 and data from Table 6.5.3, DOE
calculated that mechanical contractors’ baseline markups for the replacement and first time
owner markets for dehumidifiers are 3.6 percent higher and 2.2 percent lower, respectively, than
for mechanical contractors serving all markets. DOE applied those markup deviations derived for
all mechanical contractors to the baseline markup of 1.48 and the incremental markup of 1.18
estimated in Table 6.5.2. DOE assumed that the deviations apply equally to the baseline and
incremental markups calculated from the 2007 Economic Census. The baseline and incremental

markups for the replacement and first time owner markets served by mechanical contractors are
shown in Table 6.5.5.

Table 6.5.5 Markups for the Replacement and First Time Owner Markets
Market Sector Baseline Markup | Incremental Markup
Replacement market 1.53 1.22
First time owner market 1.45 1.15

6.5.5 Derivation of Markups for General Contractors

DOE derived markups for general contractors from U.S. Census Bureau data for the
residential construction sector.”” The residential construction sector includes establishments
engaged primarily in construction work, including new construction, additions, alterations, and
repairs of residential buildings. The U.S. Census data for the construction sector include detailed
statistics for establishments that have 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 for the construction industry as a whole in total dollars rather than in typical values
for an average or representative business. Because of this difference, DOE assumed that the total
dollar values reported by the U.S. Census, once converted to a percentage basis, represent
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revenues and expenses for an average or typical general contracting business. The first data
column in Table 6.5.6 summarizes the expenses for general contractors in residential building
construction as expenses per dollar sales revenue. (Table 6A.3 in appendix 6A.3 contains the full
set of data.)

Table 6.5.6 General Residential Building Contractor Expenses and Markups

General Contractor Expenses
or Revenue
Per Dollar Per Dollar
Description Sales Revenue | Cost of Goods
® ®
Direct cost of product sales (CGS) 0.68 1.00
Labor expenses (salaries [indirect] and benefits) 0.08 0.12
Occupancy expenses (rent, maintenance, and utilities) 0.01 0.01
cher operating expenses (depreciation, advertising, and 0.06 0.09
insurance)
Net profit before taxes 0.17 0.25
Baseline markup (MUGEN CONT BASE), revenue per dollar cost of 1.47
goods
Incremental markup (MUGEN CONT INCR), increased revenue per dollar 1.34
increase in CGS

Source: U.S. Census Bureau. 2007. Residential Building Construction. Sector 23: 236115-236118. Construction: Industry
series: Preliminary Detailed Statistics for Establishments: 2007.

As shown in the first data column, the direct cost of sales represents about $0.68 per
dollar sales revenue to the general contractor. Labor expenses represent $0.08 per dollar sales
revenue; occupancy expenses represent $0.01 per dollar sales revenue; other operating expenses
represent $0.03; and profit makes up $0.20 per dollar sales revenue.

DOE converted the expenses per dollar sales into revenue per dollar CGS by dividing
each value in the first data column by $0.68. The data in column two show that, for every $1.00
spent on product costs, the general contractor earns $1.00 in sales revenue to cover the product
cost, $0.12 to cover labor costs, $0.01 to cover occupancy expenses, $0.09 for other operating
expenses, and $0.25 in profits. A total of $1.47 in sales revenue is earned for every $1.00 spent
on product costs of a baseline markup (MUgen conr ase) of 1.47.

DOE used the data in column two of Table 6.5.6 to estimate incremental markups, after
classifying the costs as either invariant or variant. At one extreme, if all of the other costs are
variant, the increase in general contractor price would be $1.47, implying that the incremental
markup is 1.48, or the same as the baseline markup. At the other extreme, if none of the other
costs are variant, then a $1.00 increase in product cost leads to a $1.00 increase in the general
contractor price, for an incremental markup of 1.0. DOE believes the labor and occupancy costs
are invariant and the other operating costs and profit are variant. In this case, for a $1.00 increase
in product cost, the general contractor’s price would increase by $1.34, giving the general
contractor an incremental markup (MUaen conr ivcr) of 1.34.
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6.6 SALES TAXES

The sales tax comprises state and local taxes applied to the price a consumer pays for a
product. The sales tax is a multiplicative factor that increases the consumer product price. DOE
applied sales tax to the retail price of portable dehumidifiers and consumer price of whole-home
dehumidifiers in the replacement market, not the new construction market. The common practice
for selling larger appliances such as whole-home dehumidifiers in the new construction market is
that general contractors (or builders) bear the added sales tax for the appliances, in addition to
the cost of the units. Therefore, no specific sales tax is necessary to calculate the consumer
product price for the first time owner market.

DOE derived state and local taxes from data provided by the Sales Tax Clearinghouse.14
The data represent weighted averages that include county and city rates. DOE then derived
population-weighted average tax values for each RECS region, as shown in Table 6.6.1.
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Table 6.6.1 Average Sales Tax Rates by Census Division and Large State

U.S.

RECS State(s) P(?pulation f&lt: ;1:,23

Region in 2019
1 Connecticut, Maine, New Hampshire, Rhode Island, 8,453,982 5.13

Vermont

2 Massachusetts 6,855,546 6.25
3 New York 19,576,920 8.40
4 New Jersey 9,461,635 6.95
5 Pennsylvania 12,787,354 6.40
6 Illinois 13,236,720 8.05
7 Indiana, Ohio 18,271,066 6.87
8 Michigan 10,695,993 6.00
9 Wisconsin 6,004,954 5.45
10 Iowa, Minnesota, North Dakota, South Dakota 10,353,316 6.86
11 Kansas, Nebraska 4,693,244 7.13
12 Missouri 6,199,882 7.20
13 Virginia 8,917,395 5.60
14 Delaware, District of Columbia, Maryland, West Virginia 9.742.487 5.59
15 Georgia 10,843,753 7.10
16 North Carolina, South Carolina 15,531,866 7.00
17 Florida 23,406,525 6.65
18 Alabama, Kentucky, Mississippi 12,198,158 7.25
19 Tennessee 6,780,670 9.45
20 Arkansas, Louisiana, Oklahoma 11,515,069 8.67
21 Texas 28,634,896 7.95
22 Colorado 5,278,867 6.10
23 Idaho, Montana, Utah, Wyoming 6,285,110 5.29
24 Arizona 8,456,448 7.20
25 Nevada, New Mexico 5,536,624 7.31
26 California 42,206,743 8.45
27 Oregon, Washington, Alaska, Hawaii 13,879,323 5.30

Population-weighted average 7.144

6.7 OVERALL MARKUPS FOR DEHUMIDIFIERS

The overall markup for each distribution channel is the product of the appropriate
markups, as well as the sales tax in the case of direct consumer purchases of portable

dehumidifiers and replacement market of whole-home dehumidifiers.

DOE used the overall baseline markup to estimate the consumer product price of baseline
models, given the manufacturer cost of baseline models. As stated previously, DOE considers
baseline models to be products sold under current market conditions (i.e., without new energy
conservation standards). The following equation shows how DOE used the overall baseline

markup to determine the product price for baseline models.
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CPPBASE = COSTMFG x (MUMFG x MUBASE X TaxSALES ) = COSTMFG x MUOVERALLiBASE

Where:

CPPgysp = consumer product price for baseline model,

COSTyrg = manufacturer’s cost for baseline model,

MUy = manufacturer’s markup,

MUgyse = baseline markup for portable dehumidifiers and whole-home
dehumidifiers (replacement and new home markets),

Taxsyrps = sales tax (portable dehumidifiers and replacement market of whole-home
dehumidifiers), and

MUoyerarr_Base = overall baseline markup.

Similarly, DOE used the overall incremental markup to estimate changes in the consumer
product price given changes in the manufacturer cost resulting from an energy conservation
standard. The total consumer product price for more energy efficient models comprises 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 consumer product price for more energy efficient models.

CPPSTD = COSTMFG x MUOVERALLiBASE + A(jOS'T’MFG x (MUMFG x MUINCR x TaxSALES)
= C'P[)BASE + A(:'O‘SiTVMFG x MUOVERALL_INCR

Where:

CPPgrp = consumer product price for models that meet new energy conservation
standards,

CPPgysp = consumer product price for baseline model,

COSTyr¢= manufacturer’s cost for baseline model,

ACOSTyrg = change in manufacturer’s cost for more energy efficient models,
MUy = manufacturer’s markup,

MUncr = incremental markup for portable dehumidifier and whole-home
dehumidifiers (replacement and new home markets),

Taxsires = sales tax (portable dehumidifiers and replacement market of whole-home
dehumidifiers), and

MUoyErarL BasE = overall baseline markup (product of manufacturer markup, and

MUoyerarr_incr = overall incremental markup.

National average baseline and incremental markups for both portable and whole-home
dehumidifiers are summarized in Table 6.7.1 and Table 6.7.2, respectively.



Table 6.7.1 Summary of Markups for Portable Dehumidifiers

Markup Baseline | Incremental
Manufacturer 1.45
Retailer 139 | 1.13
Sales tax 1.071
Overall 2.16 1.75

Table 6.7.2 Summary of Markups for Whole-Home Dehumidifiers

Markup R.eplacement Fir?t Time Owner
Baseline |Incremental| Baseline | Incremental

Manufacturer 1.45 1.45
Wholesaler 1.35 1.10 1.35 1.10
Mechanical contractor 1.53 1.22 1.45 1.15
General contractor -- -- 1.47 1.34
Sales tax 1.071 -- --
Overall 3.21 2.08 4.17 2.46
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CHAPTER 7. ENERGY USE ANALYSIS

7.1 INTRODUCTION

To perform the life-cycle cost and payback period calculations described in chapter 8 of
this NOPR TSD, DOE determined the savings in operating costs that consumers would derive
from more efficient products. DOE used consumer energy use data, along with energy prices, to
develop the energy cost component of consumer operating costs determined in chapter 8§ of the
NOPR TSD. (Maintenance and repair costs are the other contributors to operating costs.) This
chapter describes how DOE determined the annual energy consumption of residential
dehumidifiers.

7.2 AVERAGE ANNUAL ENERGY USE EQUATION FOR DEHUMIDIFIERS

For the previous rulemaking regarding dehumidifiers, which went into effect in 2012,
DOE based the annual energy use of a dehumidifier on the following equation.

CAP x (0-47%4)x Hours
DEH pyipy =
Eff
Where:
DEHgnerGy = annual energy consumption of dehumidifier (kWh/year),
CAP = capacity of dehumidifier (pints/day),
0.473 = conversion factor for liters in a pint,
24 = number of hours in a day
Hours = annual operating hours for dehumidifier, and
Eff= dehumidifier efficiency (L/kWh).

The above equation estimates the annual energy consumption associated with a
dehumidifier’s active mode, when the compressor operates. For the current rulemaking, DOE
amended the above equation to accommodate three modes of dehumidifier operation: (1)
standby/off mode, (2) fan-only mode, and (3) dehumidification (fan plus compressor) mode.

The following equation calculates the annual energy use of dehumidifiers as the product
of the annual hours of operation multiplied by the energy use and percentage of time spent in
each operational mode. The capacity and energy efficiency of the dehumidifier are relevant while
the compressor is in operation. The energy used during standby mode and off mode is primarily
for the display on the control panel and components on the control board, energy that is used
during the other two modes as well.

T otalHoursosteJ y H CAP x0473x X

24 J +(X,, xkW,, )+ (X sy XKWy, )

DEH ENERGY — ( Year
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Where:

DEHgngrGy = annual energy consumption of dehumidifier (kKWh/year),
TotalH
o4 Yoursoste = number of hours the dehumidifier is used per year (at >0 W),
ear
CAP = dehumidifier capacity (pints of condensate removed/day),
0473 = conversion factor for liters in a pint,
24 = number of hours in a day
Eff = dehumidifier efficiency (liters of condensate removed/kWhpepm),
Xpehum = fraction of time in dehumidification mode,
Xean = fraction of time in fan-only mode,
KXoy = fraction of time in standby/off mode,
KW benum= kW of dehumidification mode,
Weyw = kW of fan-only mode, and
kWspy = kW of standby/off mode.
Note:
Capx0473x X, .
= XDehum X kWDehum Eq- 7-1
Eff x24

7.3 INPUTS TO AVERAGE ANNUAL ENERGY USE

The expanded equation for calculating average annual energy use includes parameters for
dehumidifier capacity and efficiency, as well as fractions of operating hours and power use in
dehumidification, fan-only, and standby/off modes.

7.3.1 Capacity and Efficiency

Values for capacity and efficiency, presented in Table 7.3.1, were obtained from the
engineering analysis described in chapter 5 of the NOPR TSD. The average capacity sizes were
determined from the tear-down process for the engineering analysis. See chapter 5 of the NOPR
TSD for details.
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Table 7.3.1 Efficiency Levels for Various Dehumidifier Capacities

Portable Whole-Home
3 3
<30.00 30.01- >45.00 <8.0 ft" | >8.0 ft
Pints/Da 45.00 Pints/Da Case Case
y Pints/Day Y| Volume | Volume
Average Capacity 21 38 73 56 92
Efficiency Level
Baseline 0.77 0.94 2.07 1.77 2.41
1 1.10 1.20 2.40 2.09 2.70
2 1.20 1.40 2.80 2.53 3.52
3 1.30 1.60 3.66 - 4.50
4 1.57 1.80 - - -

The next sections describe dehumidifier energy use and fraction of time spent in each
mode of operation.

7.3.2 Energy Use for Operating Modes

For determining energy use, DOE defines three modes of dehumidifier operation.

e Dehumidification mode: is the mode in which the dehumidifier performs its primary
function of removing moisture from the air by using a fan to draw moist air over a
refrigerated coil.

e Fan-only mode: is when the fan circulates air without activating the compressor.

o Standby/off mode: standby mode facilitates the initiation of active mode via remote
switch, internal sensor, or timer, and/or provides continuous status display, and off
mode is the mode in which the dehumidifier is connected to power but is not in
dehumidification mode, fan-only mode, or standby mode.

7.3.2.1 Power for Dehumidification Mode

DOE calculated the power of the dehumidification mode (kW pehum) using the rated
capacity and rated efficiency at each efficiency level for each product class. Calculating the
dehumidification mode power in this manner assumes that it is the same at all temperatures and
relative humidities, which may not be the case. As stipulated in the 2015 test procedure, the
efficiency and capacity values were measured using a temperature of 65 degrees Fahrenheit (°F)
and humidity set point of 60 percent for portable dehumidifiers, and a temperature of 73 degrees
°F and humidity set point of 60 percent for whole home dehumidifiers.

7.3.2.2 Fan-Only Mode Power and Standby/Off Mode Power

Two recent field studies',” (Willem et al., 2013, Burke et al., 2014) measured energy use
in three operating modes for both portable and whole-home dehumidifiers. Because DOE found
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no other studies that disaggregated energy use by mode, DOE used the values reported in the
Willem studies (see Table 7.3.2). The studies’ authors observed no relationship between the
capacity of a portable dehumidifier and its fan-only mode or standby/off mode energy use.

Table 7.3.2  Standby/Off Mode and Fan-Only Mode Power Consumption by

Dehumidifier Type
Portable (W) Whole-Home (W)
Mode ) ) . .
Min Median Max Min Median Max
Standby/Off 0.3 1.0 12.3 1.0 4.5 49.5
Fan-only 214 51.2 80.9 50.2 141.7 497.0

Source: Willem et al., 2013, Burke et al., 2014.

7.3.3 Fractions of Operating Hours by Mode

A dehumidifier uses energy when the compressor is operating to remove moisture from
the air. When the compressor is not operating, the dehumidifier may use energy for a fan-only
mode that circulates air through the unit to sample the ambient relative humidity and to defrost
the condenser coils. When neither the fan nor the compressor is operating, energy is used for
standby mode or off mode power for functions such as keeping a user panel lit.

7.3.3.1 Fraction of Operating Hours in Dehumidification Mode

Table 7.3.3 summarizes information on annual dehumidification mode operating hours by
portable and whole-home dehumidifiers derived from several studies and sources. Two of the
studies utilized metered data from portable units. One study reports metered data for whole-home
dehumidifiers. The other sources rely on power measurements and assumptions regarding usage
to estimate values for annual energy use.

7-4



Table 7.3.3 Data on Annual Dehumidification Mode Hours

Dehumidification Mode
Operating Hours
Study/Source (For portable units unless noted)
Average Hours/Year
ADL (1998)° 1,620
AHAM (2005)* 1,095
ENERGY STAR fact sheet (2006)° 1,620
ENERGY STAR calculator (2006)6 2,851
The Cadmus Group, Inc. (2012)’ 2,160
CCB 1,136
CCDD 1,078
Willem (2013)
NCCB 1,267
NCCDD 1,785
Burke (2014) Whole-home 2,542
CCB = Climate controlled space, bucket NCCB = Non-climate controlled space,
catches dehumidifier condensate. bucket catches dehumidifier condensate.
CCDD = Climate controlled space, NCCDD = Non-climate controlled space,
dehumidifier has a direct drain. dehumidifier has a direct drain.

The reports and studies are listed from oldest to most recent. The study by The Cadmus
Group based annual average dehumidification mode hours on several months of metered data,
extrapolating from those to an entire year. The second study that metered portable units (Willem
et al., 2013) estimated operating hours by correlating outside vapor density with compressor use.
The Willem study found energy use depended on two factors: (1) whether the room in which the
dehumidifier operated was climate controlled, and (2) how the condensate was removed (i.e.,
manually by emptying a bucket, or via a direct drain). The following sections describe annual
dehumidification mode energy use for units operating in climate-controlled versus non-climate
controlled spaces and for the method of condensate removal.

Portable Units— Minutes per Hour in Dehumidification Mode

Four equations from Willem et al. (2013) correlate compressor run time with outdoor
vapor density. Although individual dehumidifiers may differ greatly from the models, the
equations describe, on average, the manner in which large numbers of dehumidifier units would
operate.

Equation for climate-controlled dehumidifiers with bucket:
minS)

CC(B)Compressor Run Time (
our

= (0.4141 * VD, + 28.729) * (—0.0005 * VD,,,;> — 0.0246 = VD,,,;
+0.7264)

7-5



Equation for climate-controlled, direct-drain dehumidifiers:
minS)

CC(DD)C RunTi (
(DD)Compressor Run Time o

= (—0.4966 x VD, + 46.463) * (—=0.0032 x VD, + 0.1239 x VD,
+0.4914)

Equation for non-climate controlled dehumidifiers with bucket:
mins
NCC(B)C RunTi < )
(B)Compressor Run Time Py
= (—0.1186 * VD, + 49.389) * (—0.0011 * VD,,;> + 0.016 * VD,
+ 0.4091)

Equation for non-climate controlled, direct-drain dehumidifiers:
mins

NCC(DD)Compressor Run Time ( )
hour

= (1.5535 * VD, + 27.778) * (—0.0013 * VD,,,;> + 0.0265 * VD,
+0.5783)

Where:
VD,,, = vapor density.

Portable Units—Fraction of Hours in Fan-only Mode

Willem et al., 2013, predicted fan-only run time as a function of dehumidification mode
time. The following equation describes that relationship as applied to a large data set. The
equation is not meant to be representative of individual dehumidifier units because fan use can
vary widely among dehumidifiers.

mins
Fan Run Time <h0ur> = (.2518) * (—0.0265 * tpepum> + 1.6385 * (tpepum) — 6.1693)

Where;

o e mins
tpenum = time in dehumidification mode <hour)

Portable Units— Fraction of Hours in Standby/Off Mode
DOE determined the amount of time in standby/off mode by subtracting both the
compressor and the fan-only run times from the total time of dehumidifier use.

Whole-Home Units— Fraction of Hours in Fan-only and Standby/Off Modes

The small sample size in the whole-home dehumidifier study made it impossible to
correlate vapor density to compressor use (Burke et al., 2014). The authors were, however, able
to develop time fractions for all operating modes. DOE used the average amount of time a
dehumidifier operated during a 24-hour period. As shown in Table 7.3.4, the compressors in the
whole-home dehumidifiers in the study did not operate all day long.
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Table 7.3.4  Fractions of Hours for Whole-Home Dehumidifiers Operated in Different

Modes
Percent of Operating
Mode Hours (%)
Mean
Dehumidification 50
Fan-only 0.2
Standby/Off 49.0

7.4 ENERGY USE BY EFFICIENCY LEVEL AND PRODUCT CLASS

DOE calculated the annual energy use for the five product classes of dehumidifiers based
on the assumptions and findings presented in Section 7.3. To calculate annual energy use, DOE
used Eq. 7.2 in section 7.2 and assumed an average of 5.2 months of annual usage for portable
dehumidifiers and 5.6 months of annual usage for whole-home dehumidifiers. Efficiencies are
given in terms of integrated energy factor, which divides the amount of condensate removed
divided by a sum of energy use in dehumidification, fan-only, and standby/off modes.

Table 7.4.1 Portable Dehumidifiers <30.00 Pints/Day: Annual Energy Use by Efficiency
Level
Level Integrated Energy Factor | Annual Energy Use*
(L/kKWh) (kWh/year)
Baseline 0.77 739.4
1 1.10 523.0
2 1.20 481.0
3 1.30 445.4
4 1.57 371.9

* Capacity = 21.0 pints/day; annual usage = 3,799 hours; Xpehum = 35.3%; Xpan

=6.5%; Xspy = 58.2%, Wran =65 W; Wy =1 W.

Table 7.4.2  Portable Dehumidifiers 30.01-45.00 Pints/Day: Annual Energy Use by
Efficiency Level
Level Integrated Energy Factor | Annual Energy Use*
(L/kKWh) (kWh/year)
Baseline 0.94 1073.2
1 1.20 844.7
2 1.40 726.6
3 1.60 638.0
4 1.80 569.2

* Capacity = 37.5 pints/day; annual usage = 3,799 hours; Xpehum = 35.3%; Xpan =
6.5%; Xspy = 58.2%, Wgay = 65 W5 Wy =1 W.
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Table 7.4.3

Portable Dehumidifiers >45.00 Pints/Day: Annual Energy Use by Efficiency

Level
Level Integrated Energy Factor | Annual Energy Use*
(L/kKWh) (kWh/year)
Baseline 2.07 944.3
1 240 817.0
2 2.80 702.9
3 3.66 542.0

* Capacity = 72.5 pints/day; annual usage = 3,799 hours; Xpepum = 35.3%; Xpan =
6.5%; Xstoy = 58.2%, Wgan = 65 W; Wy = 1 W.

Table 7.4.4 Whole-Home Dehumidifiers < 8.0 ft3 Case Volume: Annual Energy Use by

Efficiency Level
Level Integrated Energy Factor | Annual Energy Use*
(L/kWh) (kWh/year)
Baseline 1.77 1289.0
1 2.09 1093.0
2 2.53 904.5

* Capacity = 56.2 pints/day; annual usage = 4,091 hours; Xpehum = 50%; Xran
=0.2%; Xsoy = 49%; Wra = 142 W; Wy =4.5 W.

Table 7.4.5 Whole-Home Dehumidifiers >8.0 {t3 Case Volume: Annual Energy Use by
Efficiency Level
Level Integrated Energy Factor | Annual Energy Use*
(L/kKWh) (kWh/year)
Baseline 2.41 1542.9
1 2.70 1378.1
2 3.52 1059.2
3 4.50 830.5

* Capacity = 91.7 pints/day; annual usage = 4,091 hours; Xpehum = 50%; Xran
=0.2%; Xstoy = 49%; Wy = 142 W; Wy =4.5 W.

7.5 VARIABILITY OF ANNUAL DEHUMIDIFIER ENERGY USE

The EIA performs the RECS, collecting information for developing a national database
of characteristics of a range of representative housing units, appliance usage patterns, and
household demographics. The RECS reports on the presence of dehumidifiers in households and
the amount of time the dehumidifiers are used. DOE used the 2009 version of RECS to
determine the variability of dehumidifiers’ annual energy consumption.
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7.5.1 Monthly Dehumidifier Usage

RECS 2009 questioned each household on two aspects of dehumidifier use: (1) ownership
and (2) monthly use. Of the 12,083 household records contained in RECS 2009, 1,621 indicate
use of dehumidifiers, which represents 13.2 percent of the-households nationwide. RECS 2009
provides five categories for how long a household’s dehumidifier is in use (plugged in): 1 to 3, 4
to6,7t09, 10to 11, or 12 months.

Of the 1,621 households that use dehumidifiers, most are located in the Northeast or
upper Midwest regions of the country. RECS 2009 disaggregates the households that have
dehumidifiers into 10 regions based on the 10 Census divisions. Within each region, the data
further show the percentages of households that do and do not have basements. The RECS data
seem to confirm conventional wisdom that dehumidifiers are used primarily in basements (76
percent of dehumidifiers are in households that have basements). Figure 7.5.1 shows both where
the households that have dehumidifiers are located geographically, and where in the house the
dehumidifier is located. The blue bars show that of all the census divisions, the East North
Central has the highest percentage of dehumidifiers (30 percent). The red and green bars show
the percentage of homes having basement dehumidifiers within any one census division. More
than 90 percent of the households that have a dehumidifier in the West North Central census
division locate it in the basement.
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Figure 7.5.1 Percent of Households that Have Dehumidifiers by Region and Presence of
Basement
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7.5.2 Applications of Whole-Home Dehumidifiers

Although RECS itself does not distinguish between dehumidifier types, RECS variables
can be used to approximate which households use portable dehumidifiers, and which use whole-
home dehumidifiers. DOE assumed that households use whole-home dehumidifiers if they:

are located in the Northeast, Midwest, or South Census regions;

are located in the Building America Climate region categorized as “mixed humid”;
are single-family homes, either attached or detached;

have a central air conditioner, and

have duct work.

7.5.3 Annual Monthly Use

RECS collected data on annual use aggregated into monthly ranges. Table 7.5.1 shows
the weighted number of households in each group of months. The maximum number in each
range was used to more closely approximate the usage assumptions in DOE’s dehumidifier test
procedure.

Table 7.5.1 Dehumidifier Use by Range of Months

Use Range Portable Whole-Home
RECS Total RECS Total
(Months) Record Estimated Record Estimated

Count Households Count Households
1-3 708 6,479,451 6 58,569
4-6 492 4,456,581 9 99,188
7-9 116 1,056,969 2 23,390
10-11 36 382,792 -- --
12 249 2,414,801 3 32,862
Total 1,601 14,790,595 20 214,009

7.6 LINKING RECS HOUSEHOLDS TO CLIMATE PARAMETERS

To apply dehumidifier energy use data from the Willem field study, DOE matched the
locations of RECS households having portable dehumidifiers with those of National Climatic
Data Center (NCDC) weather stations. The match enabled DOE to include, for each RECS
household, vapor density, hourly temperature and relative humidity parameters that could be
used to estimate portable dehumidifier operation and energy use for the RECS household sample.
See appendix 7B for more details.
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7.6.1 Derivation of Outdoor Air Temperatures

RECS 2009 reports both heating and cooling degree-days at a base temperature of 65 °F

for each housing record, but provides no monthly data or humidity data. To obtain more precise
temperature information for the households in the RECS sample, DOE assigned a physical
location to each RECS household. DOE took the following steps.

1.

There are 151 NCDC weather stations that provide hourly outdoor air temperatures and
humidity. Those weather stations also provided the 2009 heating and cooling degree-days
at a base temperature of 65 °F. The period covered by the 2009 heating and cooling
degree-days from the weather stations matched the period used to determine degree-days
in RECS 2009.

DOE assigned each RECS household to one of the 151 weather stations by calculating
which weather station (within the appropriate census region or large state) best matched
the 2009 heating and cooling degree-days in the RECS data set.

The following equation calculates the degree-day distance between the 2009 weather

station data and RECS 2009 data.

DDD = /(HDD, — HDD,)? + (CDD, — CDD,)?

Where:

DDD = degree-day distance,

HDD,;= heating degree-days from 2009 weather station data,
HDD; = heating degree-days from RECS 2009 data,

CDD; = cooling degree-days from 2009 weather station data, and
CDD, = cooling degree-days from RECS 2009 data.

DOE then took the following steps to develop energy use profiles for portable

dehumidifiers in U.S. households.

1.

4.

Used field-metered data from 2012 and 2013 paired with NCDC weather station data to
determine the relationship between outdoor and indoor conditions and the time lag
between them.

Developed models to predict dehumidifier operation based on hourly (lagged) outdoor
conditions.

. Used the models developed in step 2 and the NCDC weather data to estimate

dehumidifiers’ hours of operation for RECS households. The dehumidifier’s relative
humidity set point was not recorded for every field-metered dehumidifier.
Calculated annual dehumidifier energy use for RECS households.
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CHAPTER 8. LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS

8.1 INTRODUCTION

This chapter of the NOPR TSD describes the DOE’s method for analyzing the economic
impacts of new energy conservation standards on individual consumers. The effects of standards
on individual consumers include a change in operating expense (usually decreased) and a change
in purchase price (usually increased). This chapter describes three metrics DOE used to
determine the effects of standards on individual consumers of dehumidifiers.

e Life-cycle cost (LCC) is the total consumer expense over the life of an appliance,
including purchase price and operating costs (including energy expenditures). DOE
discounts future operating costs to the time of purchase, and sums them over the
lifetime of the product.

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

e Rebuttable payback period is a special case of the PBP. Whereas LCC and PBP are
estimated given a range of inputs that reflect field conditions, rebuttable payback
period is based on laboratory conditions, specifically inputs to DOE’s test procedure.

Inputs to the LCC and PBP calculations are discussed in section 8.2 of this chapter.
Results are presented in section 8.3. The rebuttable PBP is discussed in section 8.4. Key
variables and calculations are presented for each metric. DOE performed the calculations
discussed herein using a series of Microsoft Excel spreadsheets, which are accessible on the
Internet.
(http://wwwl.eere.energy.gov/buildings/appliance_standards/residential/dehumidifiers.html)
Details and instructions for using the spreadsheets are presented in appendix SA.

8.1.1 General Approach to Analysis

DOE uses the following equation to calculate LCC, the total consumer expense
throughout the life of an appliance.

Y. ocC
LCC=IC+) —*
=1 (1 +r )
Where:
LCC= life-cycle cost in dollars,
IC= total installed cost in dollars,
= sum over the appliance lifetime, from year 1 to year N,
N= lifetime of the appliance in years,
ocC= operating cost in dollars,
r= discount rate, and

8-1



t= year for which operating cost is being determined.

Numerically, the PBP, defined above, is the ratio of the increase in purchase cost (i.e.,
from a less energy efficient design to a more efficient design) to the decrease in annual operating
expenditures. This type of calculation results in what is termed a simple payback period, because
it does not take into account changes in operating expenses over time or the time value of money.
That is, the calculation is done at an effective discount rate of zero percent. The equation for PBP
is:

PBP = £
AOC
Where:
AIC = difference in total installed cost between the more energy efficient design and the
baseline design, and
AOC = difference in annual operating expenses.

Payback periods are expressed in years. Payback periods greater than the life of the
product indicate that the increased total installed cost is not recovered through reduced operating
expenses.

Recognizing that several inputs to the determination of consumer LCC and PBP are
either variable or uncertain, DOE conducted the LCC and PBP analysis by modeling both the
uncertainty and variability of the inputs using Monte Carlo simulation and probability
distributions. Appendix 8B provides a detailed explanation of Monte Carlo simulation and the
use of probability distributions. DOE used Microsoft Excel spreadsheets combined with Crystal
Ball (a commercially available add-in program) to develop LCC and PBP spreadsheet models
that incorporate both Monte Carlo simulation and probability distributions.

In addition to using probability distributions to characterize several of the inputs to the
analysis, DOE developed a sample of individual households that use dehumidifiers. By
developing household samples, DOE was able to calculate the LCC and PBP for each household
to account for the variability in energy consumption and/or energy price associated with a range
of households.

As described in chapter 7 of this NOPR TSD, DOE used the EIA’s RECS 2009 to
develop household samples for both portable and whole-home dehumidifiers.' The EIA designed
RECS 2009, which consists of 12,083 housing units, to be a national representation of household
population in the United States. DOE used the subset of RECS 2009 records in which the
household has a portable dehumidifier. Because RECS 2009 does not provides stock and usage
information for whole-home dehumidifiers, DOE used some of the variables that were assigned
to central air-conditioners as the sample variables for whole-home dehumidifiers. Refer to
chapter 7 of this NOPR TSD for details. DOE used RECS to establish the variability of annual
dehumidifier use and of energy prices. DOE assigned unique annual hours of operation to each
household in the sample. The variability among households in annual dehumidifier use and/or
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energy pricing contributes to the range of LCCs and PBPs calculated for the baseline efficiency
level and each increased efficiency level.

DOE displays the LCC results as distributions of impacts compared to baseline
conditions. Results, which are presented in section 8.3, are based on 10,000 samples per Monte
Carlo simulation run. To illustrate the implications of the analysis, DOE generated a frequency
chart that depicts the variation in LCC for each efficiency level being considered.

8.1.2 Overview of Inputs to Analysis

DOE categorizes inputs to the LCC and PBP analysis as (1) inputs for establishing the
purchase expense, otherwise known as the total installed cost, and (2) inputs for calculating
operating costs. The primary inputs for establishing the total installed cost are listed below.

e Baseline manufacturer cost: The costs incurred by the manufacturer to produce
products that meet current minimum efficiency standards.

e Standard-level manufacturer cost increases: The change in manufacturer costs
associated with producing products that meet a given standard level.

e  Markups and sales tax: The increases associated with converting the manufacturer
cost to a consumer product cost.

e [Installation cost: The cost to the consumer of installing the product. The installation
cost represents all costs required to install the product other than the marked-up
consumer product cost. The installation cost includes labor, overhead, and any
miscellaneous materials and parts. Thus, the total installed cost equals the consumer
product cost plus the installation cost.

o Learning rate: The cost reduction factor associated with economies of scale and
technology learning.

The primary inputs for calculating operating costs are listed below.

o Product energy consumption: The on-site energy use associated with operating a
product.

e Product efficiency: The product energy consumption associated with standard-level
products (i.e., products having efficiencies greater than those of baseline products).

e FEnergy prices: The prices consumers pay for energy (e.g., electricity or natural gas).

o Energy price trends: DOE used the EIA’s AEO 2015 * to project energy prices.

e Repair and maintenance costs: Repair costs are associated with repairing or replacing
components that have failed. Maintenance costs are associated with maintaining the
operation of the product.

e Lifetime: The age at which the product is retired from service.

e Discount rate: The rate at which DOE discounts future expenditures to establish their
present value.

The data inputs for calculating the PBP for each TSL are the total installed cost of the

product to the consumer for each energy efficiency level and the annual (first-year) operating
expenditures. The inputs to total installed cost are the product cost plus the installation cost. The
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inputs to operating costs are the first year energy cost, the annual repair cost, and the annual
maintenance cost. The PBP uses the same inputs as the LCC analysis, except the PBP does not
require energy price trends or discount rates. Because the PBP is what is termed a simple
payback, the required energy price is only for the year in which a new energy efficiency standard
takes effect. The energy price DOE uses in the PBP calculation is the price projected for that
year. Discount rates are also not required for calculating the simple PBP.

Figure 8.1.1 depicts the relationships among inputs to the calculation of the LCC and
PBP. In the figure, the yellow boxes indicate inputs, the green boxes indicate intermediate
outputs, and the blue boxes indicate final outputs (the LCC and PBP).

Baseline
Manufacturer
Cost

Std-Level
Manufacturer ——
Cost

Manufacturer
Markup

Retailer or
Distributor —
Markup

Installation
Cost v

Sales Tax

Payback Life-Cycle
Period Cost

Energy

Consumption J
Energy Prices Repair and Lifetime

Maintenance
Cost

Discount Rate

Energy Price
Trends

Figure 8.1.1 Flow Diagram of Inputs for Determining LCC and PBP

8.2 INPUTS TO LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS

DOE gathered most of the data for performing the LCC and PBP analysis in 2014. DOE
expresses dollar values in 20138§.
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8.2.1 Inputs to Total Installed Cost
DOE uses the following equation to define the total installed cost (IC).

IC=CPC+ INST

Where:

IC= total installed cost,

CPC= consumer product cost (i.e., consumer cost for the product only), and
INST = consumer cost to install the product.

The product cost depends on how the consumer purchases the product. As discussed in
chapter 6 of this NOPR TSD, DOE defined markups and sales taxes for converting
manufacturing costs into consumer product costs. Table 8.2.1 summarizes the inputs for
determining total installed cost.

Table 8.2.1 Inputs to Total Installed Cost
Baseline manufacturer cost

Standard-level manufacturer cost

Markups throughout distribution chain

Sales tax (replacement applications)

Installation cost

The baseline manufacturer cost is the cost incurred by the manufacturer to produce
products that meet current minimum efficiency standards. Standard-level manufacturer cost
increases are the change in manufacturer cost associated with producing products that meet a
new standard level. Markups and sales tax convert the manufacturer cost to a consumer product
cost. The installation cost represents all costs required for the consumer to install the product,
other than the marked-up consumer product cost. The installation cost includes labor, overhead,
and any miscellaneous materials and parts.

DOE calculated the IC for baseline products based on the following equation.

1 CBASE =CP CBASE +INST, BASE
=COST, o x M UOVERALLfBASE +INST

Where:

I1Cp s = total installed cost for baseline model,

CPCgysk = consumer product cost for baseline model,

INST s = installation cost for baseline model,

COSTyrG = manufacturer cost for baseline model, and

MUoyerarr Base = overall baseline markup (product of manufacturer markup, baseline
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retailer or distributor markup, and sales tax).

DOE used the following equation to calculate the IC for standard-level products.

IC,, = CPCg,, + INST,,,
=(CPC, g + ACPC gy, )+ (INST, 5 + AINST )
=(CPC,,; +INST, g )+ (ACPCy,, + AINST,,)
=1 CBASE + (ACOS T, mrG X M UOVERALLJNCR +AINST, STD )

Where:

ICsrp = total installed cost for standard-level model,

CPCgrp = consumer product cost for standard-level model,

INSTsrp = installation cost for standard-level model,

CPCpuse = consumer product cost for baseline model,

ACPCgrp = change in product cost for standard-level model,

INST s = baseline installation cost,

AINSTsp = change in installation cost for standard-level model,
I1Cp s = baseline total installed cost,

ACOSTvirg = change in manufacturer cost for standard-level model, and
MUoyerarr_incr = overall incremental markup (product of manufacturer markup, incremental

retailer or distributor markup, and sales tax).

The rest of this section provides information about each of the above input variables,
which DOE used to calculate the IC for dehumidifiers.

8.2.1.1 Forecasting Future Product Prices

Historical price data for certain appliances and equipment that have been subject to
energy conservation standards indicate that the assumption of constant real prices and costs may
overestimate long-term trends in appliance and equipment prices. Economic literature and
historical data suggest that the real costs of products may trend downward over time in response
to “learning” or “experience” curves.

An extensive body of literature discusses the learning or experience curve phenomenon,
typically based on observations in the manufacturing sector”. Based on the experience curve
approach, the real cost of production is related to the cumulative production, or experience, of a
product. Typically, DOE uses historical shipments data to estimate cumulative shipments
(production). However, the historical shipment data for portable and whole-home dehumidifiers
are too limited to construct robust cumulative production estimation for the products. Therefore,

* Margaret Taylor and K. Sydny Fujita. Accounting for Technological Change in Regulatory Impact Analyses: The
Learning Curve Technique. Lawrence Berkeley National Laboratory. April 2013. LBNL-6195E. (Available at:
http://eetd.1bl.gov/publications/accounting-for-technological-change-0)
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DOE used the appropriate Producer Price Index (PPI) series fit to an exponential model having
year as the explanatory variable. In this case, the exponential function takes the form of:
Y =a-eb¥
where Y is the dehumidifier price index, X is the time variable, a is the constant, and b is
the slope parameter of the time variable.

To derive the exponential parameters for portable dehumidifiers and whole-home
dehumidifiers, DOE obtained historical PPI data for “small electric household appliances™ and
for “room air conditioners and dehumidifiers” from the Bureau of Labor Statistics, respectively.
Although the two PPI series encompass much more than portable and whole-home
dehumidifiers, no PPI data specific to the two products were available. The PPI data reflect
nominal prices, adjusted for changes in product quality. DOE calculated an inflation-adjusted
(deflated) price index by dividing the PPI series by the Gross Domestic Product Chained Price
Index for each product. The deflated price index is presented in 2012 dollar values.

For portable dehumidifiers, the regression performed as an exponential trend line fit
results in an R-square of 0.99, which indicates a superior fit to the data. The fit results in a 2.02-
percent annual rate of price decline. The final estimated exponential function for portable
dehumidifiers is:

Y = 6.266 x 10%7 - g(70-0200X

For whole-home dehumidifiers, the regression performed as an exponential trend line fit
results in an R-square of 0.96, which also indicates an excellent fit to the data. The fit results in a
2.32-percent annual rate of price decline. The final estimated exponential function for whole-
home dehumidifiers is:

Y = 2.949 x 1020 - ¢(70.02359)X
Based on the fitted regressions, DOE derived separate price factor indexes for portable
and whole-home dehumidifiers for each future year in the analysis. For the LCC and PBP

analysis, DOE renormalized the price factor index, setting 2012 equal to 1, to estimate the price
of portable and whole-home dehumidifiers in 2019.
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Figure 8.2.1 Future Price Projection for Portable Dehumidifiers and Whole-Home
Dehumidifier

8.2.1.2 Baseline Manufacturer Cost

DOE developed the baseline manufacturer costs for all five product classes of
dehumidifiers (described in chapter 5 of this NOPR TSD, Engineering Analysis). Baseline
manufacturer costs are shown in Table 8.2.2.

Table 8.2.2 Baseline Manufacturer Costs

Product Class Baseline Integrated ) Baseline Manufacturer
(Pints/Day) Energy Factor (L/kWh) Cost (20139)
<30.00 0.77 $113.38
30.01-45.00 0.94 $136.99
>45.00 2.07 $428.90
< 8.0 ft’ case volume (whole-home) 1.77 $397.75
>8.0 ft* case volume (whole-home) 2.41 $537.96

* L/kWh = liters (of moisture removed) per kilowatt-hour (of energy consumed).

8.2.1.3 Incremental Manufacturer Cost by Efficiency Level

DOE used a reverse-engineering analysis to develop manufacturer cost increases
associated with increases in dehumidifier efficiency. Refer to chapter 5 of this NOPR TSD for
details. Table 8.2.3 through Table 8.2.7 present the incremental manufacturer costs at each
efficiency level for all five product classes of dehumidifiers.
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Table 8.2.3 Portable Dehumidifiers <30.00 Pints/Day: Incremental Manufacturer Cost

by Efficiency Level
Efficiency Integrated Energy Manufacturer Cost Increase
Level Factor (20139)
(L/kWh)
Baseline 0.77 -
1 1.10 $0
2 1.20 $1.69
3 1.30 $4.27
4 1.57 $19.38

Table 8.2.4 Portable Dehumidifiers 30.01-45.00 Pints/Day: Incremental Manufacturer

Cost by Efficiency Level

Efficiency Integrated Energy | Manufacturer Cost Increase
Level Factor (L/kWh) (20139%)
Baseline 0.94 -
1 1.20 $0
2 1.40 $2.39
3 1.60 $8.07
4 1.80 $22.42
Table 8.2.5 Portable Dehumidifiers >45.00 Pints/Day: Incremental Manufacturer Cost
by Efficiency Level
Efficiency Integrated Energy Manufacturer Cost Increase
Level Factor 20139)
(L/kWh)
Baseline 2.07 -
1 2.40 $42.81
2 2.80 $53.66
3 3.66 $120.33
Table 8.2.6 Dehumidifiers <8.0 ft3 Case Volume (Whole-Home): Incremental
Manufacturer Cost by Efficiency Level
Efficiency Integrated Energy Manufacturer Cost Increase
Level Factor (20139)
(L/kWh)
Baseline 1.77 -
1 2.09 $15.30
2 2.53 $129.22
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Table 8.2.7 Dehumidifiers >8.0 ft3 Case Volume (Whole-Home): Incremental
Manufacturer Cost by Efficiency Level

Efficiency Integrated Energy Manufacturer Cost Increase
Level Factor (2013$)
(L/kWh)
Baseline 2.41 -
1 2.70 $6.20
2 3.52 $37.20
3 4.50 $161.39
8.2.14 Overall Markup

The overall markup is the value determined by multiplying the manufacturer and
retailer markups and the sales tax together to arrive at a single markup value. 7able 8.2.8
and 7able 8.2.9 show the overall baseline and incremental markups for portable and
whole-home dehumidifiers, respectively. Refer to chapter 6 of this NOPR TSD for details.

Table 8.2.8  Portable Dehumidifiers: Overall Markup
Markup Baseline ‘ Incremental
Manufacturer 1.45
Retailer 139 | 1.13
Sales tax 1.071
Overall markup 2.16 1.75

Table 8.2.9 Whole-Home Dehumidifiers: Overall Markup
Replacement New Construction
Markup - :
Baseline Incremental Baseline Incremental

Manufacturer 1.45 1.45
Wholesaler 1.35 1.10 1.35 1.10
Mechanical contractor 1.53 1.22 1.45 1.15
General contractor - - 1.47 1.34
Sales tax 1.071 - -
Overall markup 3.21 2.08 4.17 2.46

8.2.1.5

Installation Costs

Based on the previous rulemaking conducted for dehumidifiers,” DOE determined that
there are no installation costs for portable dehumidifiers.
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DOE derived baseline installation costs for whole-home dehumidifiers from data in the
RS Means Residential Cost Data, 2013 4 The book estimates the labor required to install room
air conditioners. Table 8.2.10 summarizes the nationally representative average costs associated
with installing split-system air conditioners as presented in RS Means Residential Cost Data.
Table 8.2.10 provides both bare costs (i.e., costs before overhead and profit (O&P)), and
installation costs including O&P. DOE determined that installation costs would not be affected
by increased efficiency levels.

Table 8.2.10 Whole-home Dehumidifiers: Baseline Installation Costs

Bare Costs (20139) Including Overhead & Profit (2013$)
Installation Type . .
Material Labor Total Total Material* Labor**
Average $995 $338 $1,333 $1,663 $1,095 $568
Average (20139) $568

* Material costs including O&P equal bare costs plus 10% profit.
** DOE derived labor cost including O&P by subtracting materials plus O&P from total plus O&P.
Source: RS Means, Residential Cost Data. 2013.

8.2.1.6 Total Installed Cost

Total installed cost is the sum of the consumer product cost and installation cost.
Table 8.2.11 through Table 8.2.15 present the total installed costs for each dehumidifier
product class at each efficiency level examined.

Table 8.2.11 Portable Dehumidifiers <30.00 Pints/Day: Consumer Product Prices,
Installation Costs, and Total Installed Costs

Efficiency Ei:ﬁ;ffrl?;i(tlor Product Price | Installation Total Installed
Level (L/kWh) (2013%) Cost (2013%) Cost (2013%)
Baseline 0.77 212 0.00 212
1 1.10 212 0.00 212
2 1.20 214 0.00 214
3 1.30 218 0.00 218
4 1.57 241 0.00 241
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Table 8.2.12 Portable Dehumidifiers 30.01-45.00 Pints/Day: Consumer Product Prices,

Installation Costs, and Total Installed Costs

Efficiency E;Z;gfrl?;i(:or .Product Installation Total Installed
Level (L/kWh) Price (2013%) | Cost (20139) Cost (20139%)
Baseline 0.94 256 0.00 256
1 1.20 256 0.00 256
2 1.40 259 0.00 259
3 1.60 268 0.00 268
4 1.80 290 0.00 290

Table 8.2.13 Portable Dehumidifiers >45.00 Pints/Day: Consumer Product Prices,

Installation Costs, and Total Installed Costs

Efficiency E;:;grl?ztli(:or .Product Installation Total Installed
Level (L/kWh) Price (2013%) | Cost (20139) Cost (2013%)
Baseline 2.07 915 0.00 915
1 2.40 989 0.00 989
2 2.80 1,008 0.00 1,008
3 3.66 1,124 0.00 1,124

Table 8.2.14 Dehumidifiers <8.0 ft3 Case Volume (Whole-Home): Consumer Product

Prices, Installation Costs, and Total Installed Costs

Efficiency E;::llfgrl?ztli(tlor .Product Installation Total Installed
Level (L/kWh) Price (2013%) | Cost (20139) Cost (2013%)
Baseline 1.77 1,094 568 1,662
1 2.09 1,121 568 1,689
2 2.53 1,322 568 1,890

Table 8.2.15 Dehumidifiers >8.0 ft3 Case Volume (Whole-Home): Consumer Product

Prices, Installation Costs, and Total Installed Costs

Efficiency E;Z;gfrl?;i(:or .Product Installation Total Installed
Level (L/kWh) Price (2013%) | Cost (20139) Cost (20139%)
Baseline 2.41 1,574 568 2,142
1 2.70 1,586 568 2,154
2 3.52 1,644 568 2,212
3 4.50 1,877 568 2,445
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8.2.2 Inputs to Operating Cost
DOE defines operating cost (OC) by the following equation:

OC=EC+RC+MC

Where:

EC= energy expenditure associated with operating the product,
RC= repair cost associated with component failure, and

MC = cost for maintaining product operation.

Table 8.2.16 shows the inputs for determining annual OCs and their discounted values
throughout the product lifetime.

Table 8.2.16 Inputs to Operating Cost
Annual energy consumption

Energy prices and price trends

Repair and maintenance costs

The annual energy consumption is the site energy use associated with operating the
product. Annual energy consumption varies with product efficiency. Energy prices are the prices
paid by consumers for energy (e.g., electricity or natural gas). Multiplying the annual energy
consumption by the energy price yields the annual energy cost. Repair costs are associated with
repairing or replacing components that have failed. Maintenance costs are associated with
maintaining the operation of the product. DOE used energy price trends to forecast energy prices
into the future and, along with the product lifetime and discount rate, to establish the present
value of lifetime energy costs.

DOE used the following equation to calculate the annual OC for baseline products.

OCBASE = (AECBASE X PR]CEENERGY) + RCBASE + MCBASE

Where:

OCpuse = operating cost for baseline product,

AECpysg = annual energy consumption for baseline product,

PRICEgngRGY = energy price,

RCpysg = repair cost associated with component
failure for baseline product, and

MCpuse = cost for maintaining operation of baseline
product.

DOE calculated the annual OC for standard-level products based on the following
equation.
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OCgypy, = (AECg, X PRICE pyppgy ) + RCypyy + MCpy

Where:

OCgsrp = operating cost for standard-level product,

AECsrp = annual energy consumption for standard-level product,

PR[CEENERGY = energy price,

RCsrp = repair cost associated with component failure for standard-level product,
and

MCsrp = cost for maintaining operation of standard-level product.

The rest of this section provides information about each of the above input variables that
DOE used to calculate the OCs for all product classes of dehumidifiers.

8.2.2.1 Annual Operating Hours

As described in chapter 7 of this NOPR TSD and in section 8.1.1, DOE utilized RECS
2009 and the two recent field studies (Willem, et al., 2013, Burke, et al., 2014)5 Sto develop
samples of individual households that use either portable or whole-home dehumidifiers. By
developing a household sample for each product type, DOE was able to perform the LCC and
PBP calculations for each household to account for the variability in both energy use and energy
price, as shown in Table 8.2.17 and Table 8.2.18. Refer to chapter 7 of the NOPR TSD for
details.

Table 8.2.17 Usage Data for RECS2009 Portable Dehumidifiers

Usage Bin Share of RECS Households
(Months) Percentage* (%) Number (n)
1 to 3 months 43.8 708
4 to 6 months 30.1 492
7 to 9 months 7.2 116
10 to 11 months 2.6 36
Turned on all year 16.3 249
Total 100.0 1,601

*Percentages represent weighted values.
Source: RECS 2009.
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Table 8.2.18 Usage Data for Whole-Home Dehumidifiers

Usage Bin Share of RECS Households
(Months) Percentage* (%) Number (n)
1 to 3 months 27.4 6
4 to 6 months 46.4 9
7 to 9 months 10.9 )
Turn on all year 15.4 3
Total 100.0 20

*Percentages represent weighted values.
Source: RECS 2009.

8.2.2.2 Operating Hours by Mode

The fraction of time a portable dehumidifier spends in each mode of operation
(standby/off, fan-only, and dehumidification) affects the unit’s energy use. To determine the
fraction of time spent in each operational mode, DOE linked the RECS households having
portable dehumidifiers to climate parameters. By linking the geographic locations of the RECS
households with data on outdoor vapor density, DOE was able to calculate a sampled RECS
household’s dehumidification operating times for each month. DOE also disaggregated the
portable dehumidifier usage into four installation categories based on climate type and type of
condensate removal (manual emptying of a bucket or use of a direct drain). DOE assumed that
market shares of portable dehumidifiers are divided 15% to 85% between direct-drain units and
units having buckets. See chapter 7 of this NOPR TSD for more information.

To determine the fraction of time whole-home dehumidifiers spend in each mode of
operation, DOE used the probability distribution of operating hours by mode from the Willem
study (Burke, et al., 2014)°. DOE did not link the RECS data with outdoor vapor density for
whole-home dehumidifiers because the sample size from the study is insufficient to apply results
to U.S. households in general. Figure 8.2.2 through Figure 8.2.4 summarize the probability
distributions of operating hours by mode for whole-home dehumidifiers. DOE assigned a
probability distribution based on the frequency range for each mode.

8-15



8.0% r
7.0%
6.0% -
5.0% f
40% -
3.0% r

S

1.0%

oo L1 11 ‘ 1 ‘ ul ‘II

Q"L'b*’n‘b%%\N{L\h@{‘x.\%r@rﬁw’bf&

Probability Distribution {%)

Year
Figure 8.2.2 Probability Distribution of Dehumidification Mode for Whole-Home
Dehumidifiers

90%
g 80% r
c 70% r
a
5 60%
=
-
F 50% |-
a
- 40% |-
= 30%
2 909
o 20%
& 10%

0% I. T T T T T T T T T T T T T T T T 1 T T T 1 T T

O 1 ™ 9 © © O M Ak E A D PP P g
Year

Figure 8.2.3 Probability Distribution of Fan-Only Mode for Whole-Home Dehumidifiers
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Figure 8.2.4 Probability Distribution of Standby/Off Mode for Whole-Home
Dehumidifiers

8.2.2.3 Power Use by Mode

To determine power use by mode for portable dehumidifiers, DOE used a single value
from the Willem study (Willem, et al., 2013)° for fan-only mode and standby/off mode. To
determine power use by mode for whole-home dehumidifiers, DOE used a range of power use
associated with fan-only mode and standby/off mode from the Willem study (Burke, et al.,
2014)°, and assigned a probability distribution to each mode. Table 8.2.19 summarizes the power
use by mode for portable and whole-home dehumidifiers.

Table 8.2.19 Power Use by Mode

Fan-Only Mode Standby/Off Mode
Product Type
et iyp (W) (W)
Portable dehumidifier 65 1
Whole-home dehumidifier 50.2-141.7 1-4.5

DOE used the following equation to determine power use by dehumidification mode.

Cap » 0.473

kWpehum = [EF + 24

8.2.2.4  Residential Electricity Prices

DOE derived electricity prices for each of the 27 RECS Reportable Domain categories
regions. Using those data, DOE analyzed the regional variability of electricity prices at the
regional level.
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DOE used data from EIA Form 861’ to estimate electricity prices for residential
consumers in each of the 27 geographic areas. Those data, published annually, include annual
electricity sales in kilowatt-hours; revenues from electricity sales; and number of consumers in
the residential, commercial, and industrial sectors for every utility that serves final consumers.
DOE calculated average residential electricity prices in two steps.

1. For each utility, an average residential price was estimated by dividing residential
revenues by residential sales.

2. An average regional price was calculated, weighting each utility having customers in
a region by the total number of residential consumers served in that region.

Table 8.2.20 shows the average residential electricity price calculated for each
geographic region.
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Table 8.2.20 Average Residential Electricity Prices in 2012

Geographic Area ?;g;;gfkl\){/ llf)e
Connecticut, Maine, New Hampshire, Rhode Island, Vermont $0.164
Massachusetts $0.152
New York $0.190
New Jersey $0.161
Pennsylvania $0.131
Illinois $0.116
Indiana, Ohio $0.115
Michigan $0.144
Wisconsin $0.134
Iowa, Minnesota, North Dakota, South Dakota $0.111
Kansas, Nebraska $0.109
Missouri $0.104
Virginia $0.112
Delaware, DC, Maryland, West Virginia $0.131
Georgia $0.114
North Carolina, South Carolina $0.114
Florida $0.116
Alabama, Kentucky, Mississippi $0.106
Tennessee $0.103
Arkansas, Louisiana, Oklahoma $0.092
Texas $0.112
Colorado $0.116
Idaho, Montana, Utah, Wyoming $0.099
Arizona $0.114
Nevada, New Mexico $0.119
California $0.156
Alaska, Hawaii, Oregon, Washington $0.119

Source: EIA Form 861.

8.2.2.5 Energy Price Trends

DOE used EIA’s price forecasts to estimate future trends in electricity prices. To arrive at
prices in future years, DOE multiplied the average prices listed in Table 8.2.20 by the forecast of
annual average price changes based on the reference case in EIA’s AEO 2015 2 To estimate the
trend after 2040, DOE followed the guidance EIA previously provided to the Federal Energy
Management Program, to use the average rate of change during 2025-2040.
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DOE calculated LCC and PBP based on three separate projections from the AEO 2015:
reference case, low economic growth, and high economic growth. Those three cases reflect the
uncertainty regarding economic growth during the forecast period. Figure 8.2.5 shows the three
projected trends in residential electricity prices based on the three AEO 2015 cases.
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Figure 8.2.5 Residential Electricity Price Trends

8.2.2.6  Repair and Maintenance Costs

DOE included no changes to repair or maintenance costs for either portable or whole-
home dehumidifiers that exceed baseline efficiency.

8.2.2.7 Product Lifetime

For portable dehumidifiers, DOE considered the sources listed in Table 8.2.21 to estimate

product lifetime.

Table 8.2.21 Dehumidifiers: Product Lifetime Estimates and Sources

Lifetime (years)

Source

Mean* = 8; Low™* = 5; High* = 10

Appliance Magazine (2005") ®

10

ACEEE (2001) °

12

Northeast Energy Star Lighting and Appliance '’

" Estimates are first-ownership length, not full product lifetime.

™ Most current citation found.

The estimates from Appliance Magazine are “based on first-owner use of the product and
does not necessarily mean the appliance is worn out.” In other words, Appliance Magazine’s
lifetime estimates underestimate the actual lifetime of the products in those cases where the
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product is used by two or more users. As a result, DOE excluded Appliance Magazine as a
source for determining the average product lifetime. To determine the average product lifetime,
DOE calculated the average value from estimates provided by the two remaining sources listed
in the table above. The resulting average lifetime estimate is 11 years. DOE used the low
estimate from Appliance Magazine to establish the minimum product lifetime and a triangular
distribution to establish the maximum product lifetime.

Table 8.2.22 Portable Dehumidifiers: Average, Minimum, and Maximum Product
Lifetimes Used in LCC Analysis

Minimum Average Maximum
Product years years years
Dehumidifiers 5.0 11.0 17.0

DOE assumed whole-home dehumidifiers have the same life span as residential room air
conditioners. For the sources used to develop the room air conditioner lifetime parameters, see
Table 8.2.23. The resulting lifetime parameters derived for room air conditioners for whole-
home dehumidifiers are shown in Table 8.2.24.
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Table 8.2.23 Room Air Conditioners: Product Lifetime Estimates and Sources

Typical Lifetime or Range (years)

Source

Original Sources

Average=9; Low =7

Appliance Magazine, September 2008 "'

12.5 ASHRAE 2008 "
15 CEC 2005"
12 European Rulemaking Draft Report'*
Average = 15; High = 20 NRDC"

Other Sources

Lifetime Source
Appliance . b
9 Magazine, 1997 ENERGY STAR Savings Calculator
18 EnerGuide 2005 | Natural Resources Canada, 2008 ¢
5 17
15 NA New Mexico Market Assessment, Itron 2006
18 NA Nebraska Public Power District'®
12 See endnote | NYSERDA SBC, 2002"
9 NA Regional Technical Form (Northwest), 2002
12.5 DOE TSD 1997 |NCEP report, LBNL 2004°'
19 Aspen Memo, NYSERDA Deemed Savings Database: ENERGY
2002 STAR*
13 (TTW) DOE TSD 2005 NYSERDA Deemed Savings Database: ENERGY

STAR?*

Low =8, High =16

NEMS Residential Demand Module, 2008>*

13

LBNL 2008%

Average = 10-15,
Low = 8-12, High
=14-18

LBNL 19942

10

Consortium for Energy Efficiency?’

10-12

American Council for an Energy Efficient
Economy, 20077

Note: NA means the data source is not stated in the reference.

® ENERGY STAR Savings Calculator, Products, Room Air Conditioners. Efficient and

conventional models.
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Table 8.2.24 Room Air Conditioner Lifetime Reference Values

Product Type Minimum | Average Maximum
P (Years) (Years) (Years)
Room Air Conditioners 3.0 10.5 20.0

To perform the LCC and PBP analysis, DOE developed survival functions for
dehumidifiers. DOE estimated the percentage of appliances of a given age that would still be in
operation in a given year. This survival function, which DOE assumed has the form of a
cumulative Weibull distribution, provides an average and a median appliance lifetime.

The Weibull distribution is a probability distribution commonly used to measure failure
rates.® Its form is similar to that of an exponential distribution, which models a fixed failure rate,
except that a Weibull distribution allows for a failure rate that changes through time. The
cumulative Weibull distribution takes the form:

_[ﬁjﬂ
P(x)ze a ) forx > 6 and

P(x) =1 forx <0.
Where:

P(x) = probability that the appliance is still in use at age x;

x = age of appliance;

a = scale parameter, which would be the decay length in an exponential distribution;

[ = shape parameter, which determines the way in which the failure rate changes through
time; and

6= delay parameter, which allows for a delay before any failures occur.

When £ = 1, the failure rate is constant over time, giving the distribution the form of a
cumulative exponential distribution. In the case of appliances, f commonly is greater than 1,
reflecting an increasing failure rate as appliances age. Figure 8.2.6 and Figure 8.2.7 show the
Weibull retirement and survival functions for portable and whole-home dehumidifiers,
respectively. The results of DOE’s analysis are shown in Table 8.2.25.

¢ For reference on the Weibull distribution, see sections 1.3.6.6.8 and 8.4.1.3 of the National Institute of Standards
and Technology (NIST)/SEMATECH e-Handbook of Statistical Methods. <www.itl.nist.gov/div898/handbook/>
(Last accessed August 21, 2012.)
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Figure 8.2.6 Weibull Function for Lifetime of Portable Dehumidifiers
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Figure 8.2.7 Weibull Function for Lifetime of Whole-Home Dehumidifiers
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Table 8.2.25 Lifetime Parameters

Weibull Parameters
Product Type Average
(Years) Alpha (Scale) | Beta (Shape)
Portable dehumidifiers 11.0 11.00 4.20
Whole-home
dehumidifiers 19.01 20.30 2.50

8.2.3 Discount Rates

The discount rate is the rate at which future savings and expenditures are discounted to
establish their present value. DOE uses publicly available data (the Federal Reserve Board’s
Survey of Consumer Finances (SCF)) to estimate a consumer’s opportunity cost of funds related
to appliance energy cost savings and maintenance costs. The discount rate value is applied in the
LCC to future year energy cost savings and non-energy operations and maintenance costs in
order to present the estimated net LCC and LCC savings. DOE notes that the discount rate used
in the LCC analysis is distinct from an implicit discount rate, as it is not used to model consumer
purchase decisions. The opportunity cost of funds in this case may include interest payments on
debt and interest returns on assets.

DOE estimates separate discount rate distributions for six income groups, divided based
on income percentile as reported in the Federal Reserve Board’s SCF.* This disaggregation
reflects the fact that low and high income consumers tend to have substantially different shares
of debt and asset types and tend to face different rates on debts and assets. Summaries of shares
and rates presented in this chapter are averages across the entire population.

Table 8.2.26 Definitions of Income Groups

Income Group Percentile of Income
1 1% to 20™
2 21% to 40™
3 41% to 60™
4 61 to 80
5 81 to 90"
6 91™ to 99"

Sources: Federal Reserve Board. Survey of Consumer Finances (SCF) for 1995, 1998, 2001, 2004, 2007, and 2010.

Shares of Debt and Asset Classes

DOE’s approach involved identifying all relevant household debt or asset classes in order
to approximate a consumer’s opportunity cost of funds related to appliance energy cost savings
and maintenance costs. The approach assumes that, in the long term, consumers are likely to
draw from or add to their collection of debt and asset holdings approximately in proportion to
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their current holdings when future expenditures are required or future savings accumulate. DOE
has included several previously excluded debt types (i.e., vehicle and education loans,
mortgages, all forms of home equity loan) in order to better account for all of the options
available to consumers.

The average share of total debt plus equity and the associated rate of each asset and debt
type are used to calculate a weighted average discount rate for each SCF household (Table
8.2.27). The household-level discount rates are then aggregated to form discount rate
distributions for each of the six income groups. Note that previously DOE performed aggregation
of asset and debt types over households by summing the dollar value across all households and
then calculating shares. Weighting by dollar value gave disproportionate influence to the asset
and debt shares and rates of higher income consumers. DOE has shifted to a household-level
weighting to more accurately reflect the average consumer in each income group.

DOE estimated the average percentage shares of the various types of debt and equity
using data from the Federal Reserve Board’s SCF for 1995, 1998, 2001, 2004, 2007, and 2010.9
DOE derived the household-weighted mean percentages of each source of financing throughout
the 5 years surveyed. DOE posits that these long-term averages are most appropriate to use in its
analysis.

4 Note that two older versions of the SCF are also available (1989 and 1992); these surveys are not used in this
analysis, because they do not provide all of the necessary types of data (e.g., credit card interest rates, etc). DOE
feels that the 15-year span covered by the six surveys included is sufficiently representative of recent debt and
equity shares and interest rates.
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Table 8.2.27 Types of Household Debt and Equity by Percentage Shares (%)

. Income Group
Type of Debt or Equity " 5 3 P 5 p
Debt:
Mortgage 18.9 24.1 33.1 38.1 | 39.3 | 25.0
Home equity loan 3.1 33 2.6 3.6 4.5 7.2
Credit card 15.3 13.0 11.8 8.7 6.0 2.7
Other installment loan 25.1 20.6 17.3 13.2 9.6 4.7
Other residential loan 0.7 0.6 0.6 0.7 1.0 1.2
Other line of credit 1.6 1.5 1.3 1.5 2.1 1.8
Equity:
Savings account 18.5 16.0 12.7 106 | 104 | 7.9
Money market account 3.6 4.5 4.0 4.5 5.0 8.6
Certificate of deposit 7.0 7.8 5.5 5.0 4.4 4.2
Savings bond 1.8 1.7 1.9 2.2 1.7 1.1
Bonds 0.2 0.4 0.5 0.7 0.8 3.8
Stocks 23 3.1 4.4 5.7 7.6 | 15.8
Mutual funds 2.1 3.5 43 5.7 7.6 | 159
Total 100.0 [ 100.0 | 100.0 | 100.0 | 100.0 | 100.0

Sources: Federal Reserve Board. Survey of Consumer Finances (SCF) for 1995, 1998, 2001, 2004, 2007, and 2010.

Rates for Types of Debt

DOE estimated interest rates associated with each type of debt. The source for interest
rates for mortgages, loans, credit cards, and lines of credit was the Federal Reserve Board’s SCF
for 1995, 1998, 2001, 2004, 2007, and 2010, which associates an interest rate with each type of
debt for each household in the survey.

In calculating effective interest rates for home equity loans and mortgages, DOE
accounted for the fact that interest on both such loans is tax deductible (Table 8.2.28). This rate
corresponds to the interest rate after deduction of mortgage interest for income tax purposes and
after adjusting for inflation (using the Fisher formula).® For example, a 6-percent nominal
mortgage rate has an effective nominal rate of 4.5 percent for a household at the 25-percent
marginal tax rate. When adjusted for an inflation rate of 2 percent, the effective real rate becomes
2.45 percent.

¢ Fisher formula is given by: Real Interest Rate = [(1 + Nominal Interest Rate) / (1 + Inflation Rate)] — 1.
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Table 8.2.28 Data Used to Calculate Real Effective Mortgage Rates

Year Mortgage Interest Rates in Selected Years (%)
ll:zgif:lgaf; Inflation Rate™ Mifgil;iﬁlezx Average Real Effective
Interest Rate Rate”' Interest Rate
1995 8.2 2.83 24.2 33
1998 7.9 1.56 25.0 4.3
2001 7.6 2.85 242 2.8
2004 6.2 2.66 20.9 2.2
2007 6.3 2.85 20.6 2.1
2010 5.7 1.64 20.0 2.9

Table 8.2.29 shows the household-weighted average effective real rates for different
types of household debt. Because the interest rates for each type of household debt reflect
economic conditions throughout numerous years and various phases of economic growth and
recession, they are expected to be representative of rates in effect in 2019.

Table 8.2.29 Average Real Effective Interest Rates for Household Debt (%)

Income Group

Type of Debt ” 5 3 ) 5 P
Mortgage 6.6 6.2 6.1 5.2 5.0 4.0
Home equity loan 7.0 6.9 6.7 59 5.7 43
Credit card 15.2 15.0 14.5 14.2 14.0 14.5

Other installment loan 10.8 10.3 9.9 94 8.7 8.6

Other residential loan 9.8 10.2 8.9 8.2 7.7 7.4

Other line of credit 9.1 10.9 9.6 8.8 7.4 6.1

Sources: Federal Reserve Board. Survey of Consumer Finances (SCF) for 1995, 1998, 2001, 2004, 2007, and 2010.

Rates for Types of Assets

No similar rate data are available from the SCF for classes of assets, so DOE derived
asset interest rates from various sources of national historical data (1983-2013). The interest rates
associated with certificates of deposit,*” savings bonds,> and bonds (AAA corporate bonds)**
were collected from Federal Reserve Board time-series data. Rates on money market accounts
came from Cost of Savings Index data.”” Rates on savings accounts were estimated as one half of
the rate for money market accounts, based on recent differentials between the return to each of
these assets. The rates for stocks are the annual returns on the Standard and Poor’s.*® Rates for
mutual funds are a weighted average of the stock rates (two-thirds weight) and the bond rates
(one-third weight) in each year. DOE assumed rates on checking accounts to be zero.
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DOE adjusted the nominal rates to real rates using the annual inflation rate for each year.
Average nominal and real interest rates for the classes of household assets are listed in Table
8.2.30. Because the interest and return rates for each type of asset reflect economic conditions
throughout numerous years, they are expected to be representative of rates that may be in effect
in 2019. For each type, DOE developed a distribution of rates, as shown in appendix 8E.

Table 8.2.30 Average Nominal and Real Interest Rates for Household Equity

Type of Equity Average Real

Rate

(%)
Savings accounts 1.0
Money market accounts 1.9
Certificates of deposit 1.9
Savings bonds 34
Bonds 4.2
Stocks 9.4
Mutual funds 7.4

Discount Rate Calculation and Summary

Using the asset and debt data discussed previously, DOE calculated discount rate
distributions for each income group as follows. First, DOE calculated the discount rate for each
consumer in each of the six versions of the SCF, using the following formula:

DRi = z Sharel-'j X Ratei,j
J

Where:

DR; = discount rate for consumer i,
Share; ; = share of asset or debt type j for consumer 7, and
Rate; ; = real interest rate or rate of return of asset or debt type j for consumer i.

The rate for each debt type is drawn from the SCF data for each household. The rate for
each asset type is drawn from the distributions described previously.

Once the real discount rate was estimated for each consumer, DOE compiled the
distribution of discount rates in each survey by income group by calculating the proportion of
consumers with discount rates in bins of 1 percent increments, ranging from 0-1 percent to
greater than 30 percent. Giving equal weight to each survey, DOE compiled the six-survey
distribution of discount rates.

Table 8.2.31 presents the average real effective discount rate and its standard deviation
for each of the six income groups. To account for variation among households, DOE sampled a
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rate for each RECS household from the distributions for the appropriate income group. (RECS
provides household income data.) Appendix 8F presents the full probability distributions for
each income group that DOE used in the LCC and PBP analysis.

Table 8.2.31 Average Real Effective Discount

Income Group | Discount Rate (%)

1 4.85

2 5.12

3 4.75

4 4.04

5 3.80

6 3.57
Overall Average 4.49

8.2.4 Compliance Date of Standard

The compliance date is the future date when manufacturers must comply with a new or
amended standard. The compliance date of the potential energy conservation standards for
dehumidifiers manufactured in, or imported into, the United States is March 11, 2019. DOE
calculated the LCC for all consumers as if each would purchase a new product in 2019.

8.2.5 Product Energy Efficiency in the Base Case

To estimate the percentage of consumers who would be affected by a standard at any of
the trial standard levels, DOE considered the projected distribution of efficiencies for products
that consumers purchase under the base case (the case without new or amended energy
conservation standards). DOE refers to this distribution of product efficiencies as the base-case
efficiency distribution. Using the projected distribution of efficiencies for each product class,
DOE randomly assigned a product efficiency to each sampled household. The energy efficiency
distributions that DOE used in the LCC analysis are described below. For this NOPR analysis,
DOE used the efficiency distributions calculated based on DOE’s Certification Database for
Dehumidifiers.’” The energy factors for dehumidifiers listed in the DOE product database are
determined by the current test procedure which took effect in 2007 and was updated in 2014. The
current test procedure also defines IEF, which includes measures of standby mode and off mode
energy use and is the basis of this NOPR analysis. Because the standby/off mode energy use is
small compared to dehumidification mode energy use, DOE assumes that IEF as measured by
the current test procedure is relatively equal to EF, and thus the base-case market shares would
be similar. A proposed amendment to the test procedure would require dehumidification mode
testing at an ambient temperature of 65 °F (for portable dehumidifiers) and of 73 °F (for whole-
home dehumidifiers) rather than 80 °F and would include a measure of fan-only mode energy
use. Although these changes may result in IEF values that are significantly lower than EF for
certain dehumidifiers, DOE expects that the distribution of efficiencies among dehumidifier
models will remain approximately the same.
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DOE also projected efficiencies for the base case based on assumptions regarding future
improvements in efficiency and assumed an annual growth rate of 0.25 percent between 2014
and 2048. Table 8.2.32 through Table 8.2.36 present market shares of the efficiency-levels being
considered for each dehumidifier product class in 2019, based on IEF measured at 80 °F and on
IEF measured at 65 °F (for portable dehumidifiers) and at 73 °F (for whole-home dehumidifiers)
with fan-only mode energy use included.

Table 8.2.32 Dehumidifiers <30.00 Pints/Day: Base-Case Market Shares

80 °F 65 °F
Efficiency Market Share
Level Integrated Energy Integrated Energy (%)
Factor (L/kWh) Factor (L/kWh)
Baseline 1.05 0.77 11
1 1.50 1.10 23
2 1.70 1.20 0
3 1.85 1.30 66
4 2.01 1.57 0

Table 8.2.33 Dehumidifiers 30.01-45.00 Pints/Day: Base-Case Market Shares

80 °F 65 °F
Efficiency Market Share
Level Integrated Energy Integrated Energy (%)
Factor (L/kWh) Factor (L/kWh)
Baseline 1.29 0.94 0
1 1.60 1.20 0
2 1.85 1.40 94
3 1.95 1.60 2
4 2.13 1.80 4
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Table 8.2.34 Dehumidifiers >45.00 Pints/Day: Base-Case Market Shares

80 °F 65 °F
Efficiency Market Share
Level Integrated Energy Integrated Energy (%)
Factor (L/kWh) Factor (L/kWh)
Baseline 2.44 2.07 57
1 3.00 2.40 20
2 3.50 2.80 23
3 4.39 3.66 0

Table 8.2.35 Dehumidifiers <8.0 ft3 Case Volume (Whole-Home): Base-Case Market

Shares
80 °F 73 °F
Efficiency Market Share
Level Integrated Energy Integrated Energy (%)
Factor (L/kWh) Factor (L/kWh)
Baseline 1.90 1.77 75
1 2.20 2.09 25
2 2.67 2.53 0

Table 8.2.36 Dehumidifiers >8.0 ft3 Case Volume (Whole-Home): Base-Case Market

Shares
80 °F 73 °F
Efficiency Market Share
Level Integrated Energy Integrated Energy (%)
Factor (L/kWh) Factor (L/kWh)
Baseline 2.50 241 31
1 2.80 2.70 46
2 3.50 3.52 23
3 4.46 4.50 0

8.3 RESULTS OF LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS

This section presents the results of the LCC and PBP analysis for all product classes of
dehumidifiers. As discussed in section 8.1.1, DOE’s approach to the LCC analysis relied on
developing samples of households that use each of the product classes. 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 households in the
sample. For each set of sample households that use the product in each product class, DOE
calculated the average LCC and LCC savings and the median and average PBP for each the
efficiency levels. These efficiency levels are also referred to as trial standard levels (TSLs).
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DOE calculated LCC savings and PBPs relative to the base-case products that it assigned
to sample households. For some consumers DOE assigned a base-case product that is more
efficient than some of the TSLs. For that reason, the average LCC impacts are not equal to the
difference between the LCC of a specific TSL and the LCC of the baseline product. DOE
calculated the average LCC savings and the median PBP values by excluding the households that
are not impacted by a standard at a given efficiency level.

LCC and PBP calculations were performed 10,000 times on the sample of consumers
established for each product class. Each LCC and PBP calculation was performed on a single
household selected from the sample. A household was selected based on its weight (i.e., how
representative it was of other households 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.

Using the Monte Carlo simulations for each TSL, DOE calculated the percent of
consumers who experience 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 a baseline product
having the same or higher efficiency than the standard level. The following sections present
figures that illustrate the range of LCC and PBP effects among sample consumers.

8.3.1 Summary of Results

Table 8.3.1 through Table 8.3.10 show the LCC and simple PBP results by efficiency
level for each dehumidifier product class. The average operating cost is the discounted sum.
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Table 8.3.1 Dehumidifiers <30.00 Pints/Day: LCC Results
Simple
Average Life-Cycle Cost (2013%) Payback
Efficiency IEF* Period
Level (L/Day) Installed First Ye.ar S Llfetm'le Life-Cycle
. Operating Operating Years
Price Cost E—
Cost Costs
0 0.77 212 101 952 1,163 --
1 1.10 212 71 668 879 0.0
2 1.20 214 65 612 826 0.1
3 1.30 218 60 566 784 0.2
4 1.57 241 50 469 710 0.6
* IEF = Integrated energy factor.
" Discounted.
Table 8.3.2 Dehumidifiers <30.00 Pints/Day: Simple PBP Results
. % of Consumers that Average Savings
Efﬁc1ency Level Experience Net Cost 2013$
0 - -
1 0 31
2 0 49
3 0 64
4 10.3 137
Table 8.3.3 Dehumidifiers 30.01-45.00 Pints/Day: LCC Results
Simple
Average Life-Cycle Cost (2013%) Payback
Efficiency IEF* Period
Level (L/Day) Installed First Ye.ar S Llfetln.le Life-Cycle
. Operating Operating Years
Price Cost E—
Cost Costs
0 0.94 256 145 1,361 1,617 --
1 1.20 256 114 1,067 1,323 0.0
2 1.40 259 97 915 1,175 0.1
3 1.60 268 85 802 1,069 0.2
4 1.80 290 76 713 1,003 0.5

* IEF = Integrated energy factor.
" Discounted.
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Table 8.3.4 Dehumidifiers 30.01-45.00 Pints/Day: Simple PBP Results

% of Consumers that

Average Savings

EfﬁCiency Level Experience Net Cost 2013$
0 - -
1 0 0
2 0 0
3 0.5 99
4 54 164
Table 8.3.5 Dehumidifiers >45.00 Pints/Day: LCC Results
Simple
Average Life-Cycle Cost (2013%) Payback
Efficiency IEF* Period
Level (L/Day) Installed First Ye.ar S Llfetln.le Life-Cycle
. Operating Operating Years
Price Cost E—
Cost Costs
0 2.07 915 127 1,195 2,110 --
1 2.40 989 110 1,032 2,021 43
2 2.80 1,008 94 885 1,893 2.8
3 3.66 1,124 72 678 1,802 3.8

* IEF = Integrated energy factor.

" Discounted.

Table 8.3.6 Dehumidifiers >45.00 Pints/Day: Simple PBP Results
. % of Consumers that Average Savings
Efficiency Level Experience Net Cost 20138
0 - -
1 18.9 50
2 11.7 147
3 31.4 239

8-35




Table 8.3.7

Dehumidifiers <8.0 ft3 Case Volume (Whole-Home): LCC Results

Simple
Average Life-Cycle Cost (2013%) Payback
Efficiency IEF* Period
Level (L/Day) Installed First Ye.ar S Llfetln.le Life-Cycle
. Operating Operating Years
Price Cost E—
Cost Costs
0 1.77 1,662 139 2,048 3,710 --
1 2.09 1,689 118 1,740 3,429 1.3
2 2.53 1,890 98 1,444 3,334 55

* IEF = Integrated energy factor.

" Discounted.

Table 8.3.8 Dehumidifiers <8.0 ft3 Case Volume (Whole-Home): Simple PBP Results
. % of Consumers that Average Savings
Efﬁc1ency Level Experience Net Cost 2013$
0 - -
1 8.4 207
2 44 .4 302
Table 8.3.9 Dehumidifiers >8.0 ft3 Case Volume (Whole-Home): LCC Results
Simple
Average Life-Cycle Cost (2013$) Payback
Efficiency IEF* Period
Level (L/Day) Installed First Ye.ar S Llfetm.le Life-Cycle
. Operating Operating Years
Price Cost
Cost Costs
0 2.41 2,142 166 2,446 4,589 --
1 2.70 2,154 149 2,188 4,342 0.7
2 3.52 2,212 115 1,687 3,899 1.4
3 4.50 2,445 90 1,328 3,773 4.0

* IEF = Integrated energy factor.

" Discounted.
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Table 8.3.10 Dehumidifiers >8.0 ft3 Case Volume (Whole-Home): Simple PBP Results

. % of Consumers that Average Savings
Efficiency Level Experience Net Cost 2013%
0 - -
1 1.4 75
2 10.7 416
3 39.9 542

8.3.1.1  Distributions of Impacts

The figures in this section show the distribution of LCCs in the base case for each
product class. Also presented are figures showing the distribution of LCC impacts for Efficiency
Level 3. The figures are presented as frequency charts that show the distribution of LCCs, and
LCC impacts with their corresponding probability of occurrence. DOE generated the figures for
the distributions from a Monte Carlo simulation run based on 10,000 samples.

Base-Case LCC Distributions. Figure 8.3.1 through Figure 8.3.5 show the base-case
LCC distributions for each product class of dehumidifiers.
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Figure 8.3.1 Dehumidifiers <30.00 Pints/Day: Base-Case LCC Distribution
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Figure 8.3.2 Dehumidifiers 30.01-45.00 Pints/Day: Base-Case LCC Distribution
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Figure 8.3.3 Dehumidifiers >45.00 Pints/Day: Base-Case LCC Distribution
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Figure 8.3.4 Dehumidifiers <8.0 ft3 Case Volume (Whole-Home): Base-Case LCC
Distribution
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Figure 8.3.5 Dehumidifiers >8.0 ft3 Case Volume (Whole-Home): Base-Case LCC

Distribution

Standard-Level Distribution of Impacts. Figure 8.3.6 is an example of a frequency chart that
shows the distribution of LCC differences for the case of Efficiency Level 3 for product class
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one (<30.00 pints/day). In the figure, a text box next to a vertical line at a given value on the x-
axis shows the mean change in LCC (a savings of $64 in the example here). The note, “Certainty
is 100.00% from $0 to +Infinity,” means that 100 percent of owners of dehumidifier units will
have LCC savings or not be affected by the efficiency level compared to the base case. The large
spike in Figure 8.3.6 represents the percentage of consumers who are not affected by an increase
in the efficiency level, i.e., consumers who already use dehumidifiers that have efficiencies
greater than or equal to the efficiency level. Refer to section 8.2.5 on the distribution of product
efficiencies under the base case. DOE can generate a frequency chart like the one shown in
Figure 8.3.6 for each efficiency level and product class.
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Figure 8.3.6 Dehumidifiers <30.00 Pints/Day: LCC Savings Distribution for Efficiency
Level 3

8.3.1.2  Range of Impacts

Figure 8.3.7 through Figure 8.3.11 show the range of LCC savings for all efficiency
levels considered for each dehumidifier product class. For each efficiency level, the top and the
bottom of the box indicate the 75" and 25 percentiles, respectively. The bar at the middle of the
box indicates the median: 50 percent of households have LCC savings in excess of that value.
The “whiskers™ at the bottom and the top of the box indicate the 5™ and 95" percentiles. The
small box shows the average LCC savings for each standard level.
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Figure 8.3.7 Dehumidifiers <30.00 Pints/Day: Range of Average LCC Savings
Average LCC Savings
Average, Median; Box 25%-75%, Whisker 5-95%
$600
$500 =median
& 400 | Oaverage
EQ
.=
= $300
]
G $200
= O
=
Yoo§100
$0 -— : - . '
-5100
Level 1 Level 2 Level 3 Level 4
Efficiency Level
Figure 8.3.8 Dehumidifiers 30.01-45.00 Pints/Day: Range of Average LCC Savings
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Figure 8.3.9 Dehumidifiers >45.00 Pints/Day: Range of Average LCC Savings
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Figure 8.3.10 Dehumidifiers <8.0 ft3 Case Volume (Whole-Home): Range of Average LCC
Savings
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Figure 8.3.11 Dehumidifiers >8.0 ft3 Case Volume (Whole-Home): Range of Average LCC
Savings

8.4 REBUTTABLE PAYBACK PERIOD

DOE develops rebuttable PBPs to provide the legally established rebuttable presumption
that an energy conservation standard is economically justified if the additional product costs
attributed to the standard are less than three times the value of the first-year energy cost savings.
(42 U.S.C. §6295 (0)(2)(B)(iii))

The basic equation for rebuttable PBP is the same as that shown for the PBP in section
8.1.1. Unlike the analyses described in section 8.2, however, the rebuttable PBP is not based on
household samples and probability distributions. The rebuttable PBP is based instead on discrete,
single-point values. For example, whereas DOE uses a probability distribution of regional energy
prices in the distributional PBP analysis, it uses only the national average energy price to
determine the rebuttable PBP.

Other than the use of single-point values, the most notable difference between the
distributional PBP and the rebuttable PBP is the latter’s reliance on the DOE test procedure to
determine a product’s annual energy consumption. DOE based the annual energy consumption
for the rebuttable PBP on the number of operating hours per year specified in DOE’s proposed
test procedure for dehumidifiers®®. The following sections identify the differences, if any,
between the annual energy consumptions determined by the distributional PBP and the rebuttable
PBP for all product classes of dehumidifiers.

8-43



8.4.1 Inputs to Rebuttable Payback Period Analysis

Because inputs for determining total installed cost for calculating the distributional PBP
were based on single-point values, only the variability and/or uncertainty in the inputs for
determining operating cost contributed to variability in the distributional 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 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
would take effect.

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

e The effective date of any new standard is assumed to be 2019.

8.4.2 Results of Rebuttable Payback Period Analysis

DOE calculated rebuttable PBPs for each efficiency level relative to the distribution of
product efficiencies estimated for the baseline. In other words, DOE did not determine the
rebuttable PBP relative to the base case energy efficiency, but relative to the distribution of
product energy efficiencies for the baseline (i.e., the case without new energy conservation
standards). Table 8.4.1 and Table 8.4.2 present the rebuttable PBPs for each product class of
dehumidifiers.

Table 8.4.1 Rebuttable Payback Periods: Portable Dehumidifiers

Pifig/'lo)‘;y 30.01-45.00 Pints/Day o ‘g/'l")‘;y
(L/IE‘FW) (1;{12’) IEF (L/KWh) gg; IEF (L/kWh) (l;gf)
0.77 _ 0.94 _ 2.07 _
1.10 0.0 1.20 0.0 2.40 56
1.20 0.1 1.40 0.1 2.80 37
1.30 0.2 1.60 0.3 3.66 5.0
1.57 0.8 1.80 0.7 - _
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Table 8.4.2

Rebuttable Payback Periods: Whole-Home Dehumidifiers

<8.0 ft' Case Volume

>8.0 ft' Case Volume

IEF RPBP IEF RPBP
(L/kWh) (Years) (L/kWh) (Years)
1.77 241
2.09 2.0 2.70 1.0
2.53 8.7 3.52 2.1
4.50 6.3
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CHAPTER 9. SHIPMENTS ANALYSIS

9.1 INTRODUCTION

Estimates of future product shipments are a necessary input to calculations of the NES
and NPV, as well as to the manufacturer impact analysis. This chapter describes the data and
methods the DOE used to project annual product shipments and presents results for
dehumidifiers considered for this standards rulemaking. Because DOE did not have shipment
data for each product classes, total historical shipments of portable and whole-home
dehumidifiers were estimated and then separated by market share of each product classes.

To project shipments for dehumidifiers, DOE used a shipments model that is calibrated
with historical shipments data. The shipments model estimates shipments to specific market
segments, the results for which are then aggregated to estimate total product shipments. To
estimate the impacts of potential standard levels on product shipments, the shipments model
accounts for the combined effects of changes in purchase price, annual operating cost on the
consumer purchase decision.

The shipments model was developed as a part of the NIA spreadsheet. Appendix 10A
discusses how to access the NIA spreadsheet and provides basic instructions for its use.

The rest of this chapter explains the shipments models in more detail. Section 9.2
presents the methodology behind the shipments model; section 9.3 describes the data inputs and
model calibration; section 9.4 discusses impacts on shipments from changes in product purchase
price; and section 9.5 discusses the affected stock.

9.2 METHODOLOGY BEHIND SHIPMENTS MODEL

DOE developed a national stock model for estimating annual shipments for this standards
rulemaking. The model considers market segmentation as a distinct input to the shipments
projection. As represented by the following equation, the two primary market segments for
dehumidifiers are installations in existing households without dehumidifiers, “first time owners,”
and replacements.

Shipper(j) = Rplpey () + FTOpgy ()
Where:

Shippen(j) =  total shipments of dehumidifiers in year j,
Rplpenu(j) =  units of dehumidifiers retired and replaced in year j, and
FTOpeu(j) = shipments to existing households without dehumidifiers in year ;.

DOE’s shipments model takes an accounting approach, tracking market shares of each
product class, the vintage of units in the existing stock, and expected first time ownership. The
models estimate shipments due to replacements using sales in previous years and assumptions
about the lifetime of dehumidifiers. Estimated sales attributable to replacements in a given year
therefore are equal to the total stock of the appliance minus the sum of the appliances sold in

9-1



previous years that remain in the stock. As described in chapter 8 of this NOPR TSD, DOE
determined the useful service life of dehumidifiers. DOE then estimated how long the appliance
is likely to remain in stock. The following equation represents how DOE estimated replacement
shipments.

ageMax j-1

Rpl () = Stock ,(j-1) - Z ZShipj x prob, (age)

age=0 j=N

Where:

Stock, (j-1) = total stock of in-service appliances in year j-/,

probg, (age) = probability that an appliance of a particular age will be retired, and

N= start year for when the model begins its stock accounting (start year is
specific to each product based on available historical shipments data).

Stock accounting takes product shipments, a retirement function, and initial in-service
product stock as inputs to estimate the age distribution of in-service product stocks for all years.
The age distribution of in-service product stocks is a key input to both the NES and NPV
calculations—the operating costs for any year depend on the age distribution of the stock. The
dependence of operating cost on the product age distribution occurs under a standards case
scenario that produces increasing efficiency over time, whereby older, less efficient units may
have higher operating costs, while younger, more-efficient units will have lower operating costs.

DOE estimated replacements using product retirement functions that it developed based
on product lifetimes. DOE based the retirement function on a Weibull distribution for the
product lifetime. The shipments model assumes that no units are retired below a minimum
product lifetime and all units are retired before exceeding a maximum product lifetime. The
models determine the probability of retirement at a certain age for all products using a Weibull
equation:

=)
P(x)=g\ @) forx>6and
P(x)=1forx<6

Where:

Pkx) = probability that the appliance is still in use at age x;

x= appliance age;

o= scale parameter, which would be the decay length in an exponential
distribution,;

b= shape parameter, which determines the way in which the failure rate changes
through time; and

0= delay parameter, which allows for a delay before any failures occur.

The retirement probability is the difference in the survival function from one year to
another year.
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DOE calculated total in-service stock of a product by integrating historical shipments
data starting from a specific year. The start year depends on the historical data available for the
product. As units are added to the in-service stock, some of the older ones retire and exit the
stock. To estimate future shipments, DOE developed a series of equations that define the
dynamics and accounting of in-service stocks. For new units, the equation is:

Stock(j,age =1)=Ship(j -1)
Where:

Stock(j, age) =the population of in-service units of a particular age,
j= year for which the in-service stock is being estimated, and
Ship () = number of units purchased in year j.

The above equation states that the number of one-year-old units is simply equal to the
number of new units purchased the previous year. The following equation describes the
accounting of the existing in-service stock of units:

Stock(j+1,age+1) = Stock(j,age) x [1 - prob,, (age)]

In the above equation, as the year is incremented from j to j+/, the age is also
incremented from age to age+1. With time, a fraction of the in-service stock is removed, that
fraction being determined by a retirement probability function, probg,(age), which is described
in section 9.3. Most replacements are made when a product wears out and fails. Over time, some
of the units will be retired and removed from the stock, triggering the shipment of a new unit.

9.3 DATA INPUTS AND MODEL CALIBRATION

The sections below describe the data inputs and market segments considered for
dehumidifiers.

9.3.1 Historical Shipments

For portable dehumidifiers, DOE used data on historical shipments (domestic® shipments
plus imports) to calibrate its shipments model for dehumidifiers. DOE’s sources for historical
shipments data were (1) data provided by the AHAM for the period 1999 — 2011 ' (2) data
provided by AHAM for the period 1995 — 19982, (3) data from the 2000 AHAM Factbook for
the period 1989-1994°, and (4) data from Appliance Magazine®>° for the period 1972—1988.°
Table 9.3.1 summarizes the historical data on portable dehumidifier shipments.

* Domestic shipments include shipments to States and U.S. territories.

® Shipments estimates from Appliance Magazine included exports. However, DOE saw no difference between
shipments in the AHAM Fact Book 2000, which exclude exports, and those reported in Appliance Magazine for
almost all years. Thus, DOE made no adjustments to the Appliance Magazine shipments.
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Table 9.3.1 Portable Dehumidifiers: Historical Shipments, Domestic plus Imports

Year (fll:;l::slzl;l:itss) Year (fl?;ggilg:) Year (fll:(l)l::sl;enlzitss)
1972 461 1986 555 2000 975
1973 646 1987 704 2001 806
1974 586 1988 673 2002 799
1975 392 1989 605 2003 1,311
1976 440 1990 743 2004 1,672
1977 314 1991 745 2005 1,957
1978 442 1992 803 2006 1,456
1979 685 1993 983 2007 2,004
1980 673 1994 1,059 2008 1,558
1981 536 1995 1,003 2009 1,700
1982 440 1996 977 2010 1,552
1983 437 1997 820 2011 1,368
1984 591 1998 1,031

1985 588 1999 950

Source: 1999-2011: AHAM data submittal, 2012. 1995-1998: AHAM data submittal. 1989 — 1994: AHAM
Factbook, 2000. 1972—-1988: Appliance Magazine 1982, 1990, 1993.

DOE assumed that whole-home shipments started from 2004, and the shipments
accounted for about 1 percent of the portable dehumidifiers market.

9.3.2 Markets and Model Calibration

The market for dehumidifiers is comprised primarily of replacement units for products
that have been retired from service. Total dehumidifiers shipments are represented by the
following equation:

Shipper(j) = Rplpgn () + FTOpgy ()
Where:
Shippgy (j) = total shipments of dehumidifiers in year /,
Rplpen(j) =  units of dehumidifiers retired and replaced in year j, and

FTOpgp(j) = shipments to existing households without dehumidifiers in year ;.

The sections below discuss these markets in further detail.
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9.3.2.1 Replacements

DOE used an accounting method that tracks the total stock of units by vintage to
determine shipments to the replacement market. DOE estimated a stock of dehumidifiers by
vintage by integrating historical shipments starting from 1972. Over time, some units are retired
and removed from the stock, triggering the shipment of a replacement unit. Depending on the
vintage, a certain percentage of each type of unit will fail and need to be replaced. To determine
when a portable dehumidifier fails, DOE used a product survival function based on a lifetime
distribution having an average value of 11.0 years. To determine when a whole-home
dehumidifier fails, DOE used a product survival function based on a lifetime distribution having
an average value of 19.01 years. For a more complete discussion of dehumidifier lifetimes, refer
to section 8.2.2.6 of chapter 8 and appendix 8C in this NOPR TSD. Figure 9.3.1 and Figure 9.3.2
show the survival and retirement function that DOE used to estimate replacement shipments for
each dehumidifier type.

Lifetime Dist. for Portable Dehumidifiers
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Figure 9.3.1 Portable Dehumidifier: Survival and Retirement Functions
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Lifetime Dist. for Whole-home Dehumidifiers
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Figure 9.3.2 Whole-home Dehumidifier: Survival and Retirement Functions

9.3.2.2 Model Calibration—Existing Households Without Appliance

To calibrate the estimated shipments with the historical data, DOE introduced into the
model a market segment identified as existing households without dehumidifiers, also referred
to as FTOs. Based on the calibration, DOE estimated that 0.35 percent of existing households
without a dehumidifier would annually purchase this product over the period 2019—2048.

9.3.3 Base-Case Shipments

Figure 9.3.3 shows the projected shipments in the base case (i.e., the case without new
energy efficiency standards) and the historical shipments DOE used to calibrate the projection.
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Figure 9.3.3 Dehumidifiers: Historical and Base-Case Shipments Projection

DOE’s base-case shipments model for dehumidifiers used the aggregate shipments, i.e.
the shipments for all five product classes, as the basis for its projection. In other words, DOE did
not develop a separate shipments model for each dehumidifier product class. As provided in
Table 9.3.2, DOE assumed market shares for each of the five product classes based on the
engineering analysis in the preliminary analysis phase of the standards rulemaking.” DOE used
the average market shares over the period 2012 — 2048 to disaggregate projected shipments into
each of the five dehumidifier product classes.
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Table 9.3.2 Product Class Market Share of Dehumidifiers

Product Class (pints/day)
<8.0ft’ Case | >8.0ft’ Case
Year <30.00 | 30.01-35.00 | >45.00 Whole Whote
home) home)
Pre-2004 57.1% 42.9% 0.0% 0.0% 0.0%
Post-2004 52.4% 42.9% 3.7% 0.7% 0.3%

Source: DOE’s Engineering Analysis of the Preliminary Analysis Technical Support Document for
Residential Dehumidifiers.
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Figure 9.3.4 Dehumidifiers: Disaggregated Shipments Projection for Base Case

9.4 EFFECT OF INCREASED PURCHASE PRICE ON SHIPMENTS

Economic theory suggests that, all else being equal, an increase in the price of a good
leads to a decrease in demand for it. Because DOE projects that appliance standards often result
in an increase in the price of the product, DOE conducted a literature review and an analysis of
appliance price and efficiency data to estimate the effects on product shipments from increases in
product price. DOE also considered the decreases in operating costs from higher energy
efficiency and changes over time in household income. Appendix 9A explains the method DOE
used to quantify the effects of the above variables.

In the literature, DOE found only a few studies of appliance markets that are relevant to
this rulemaking analysis and identified no studies that use time-series data of product prices and
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shipments after 1980. The information that can be summarized from the literature suggests that
the demand for appliances is price-inelastic. Other information in the literature suggests that
appliances are a normal good, such that rising incomes increase the demand for appliances.
Finally, the literature suggests that consumers use relatively high implicit discount rates® when
comparing appliance prices and operating costs.

DOE found insufficient data on product purchase price and operating cost to perform a
thorough analysis of dynamic changes in the appliance market. Rather, it used purchase price and
efficiency data specific to residential refrigerators, clothes washers, and room air conditioners
during 1980-2002 to evaluate broad market trends and conduct simple regression analyses. The
data indicate that there has been an increase in appliance shipments and a decrease in appliance
purchase price and operating costs during the period. Household income also increased during
this time. To simplify the analysis, DOE combined the available economic information into one
variable, termed the relative price, and used this variable in an analysis of market trends, as well
as to conduct a regression analysis. The relative price is defined using the following expression.

TP PP+PVOC

RP = =
Income Income

Where:
RP= relative price,
TP = total price,
Income = household income,
PP = appliance purchase price, and
PVOC = present value of operating cost.

In the above equation, DOE used an implicit discount rate of 37 percent to determine the
present value of operating costs.

DOE’s analysis of market trends suggests that the relative price elasticity of demand for
the three appliances is relatively inelastic (that is, less than 1.0). DOE’s regression analysis
suggests that the relative price elasticity of demand, averaged for the three appliances, is -0.34.
Thus a relative price increase of 10 percent results in a shipments decrease of 3.4 percent. Note
that, because the relative price elasticity incorporates the effects of three factors (purchase price,
operating cost, and household income), the effect of any single factor is mitigated by changes to
the other two.

The relative price elasticity of -0.34 is consistent with estimates in the literature.
Nevertheless, DOE stresses that the measure is based on a small data set subject to simple
statistical analysis. More importantly, the measure is based on an assumption that economic
variables, including purchase price, operating costs, and household income, explain most of the
trend in appliances per household in the United States since 1980. Changes in appliance quality

¢ A high implicit discount rate with regard to operating costs means that consumers do not put much economic value
on the operating cost savings realized from more efficient appliances. Consumers are much more concerned with
the higher purchase prices.
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and consumer preferences may have occurred during that period, but DOE did not account for
them in this analysis. Despite these uncertainties, DOE believes that its estimate of the relative
price elasticity of demand provides a reasonable assessment of the impact that purchase price,

operating cost, and household income have on product shipments.

Because DOE’s projections of shipments and national impacts due to standards consider
30-year period, it needed to consider how the relative price elasticity is affected once a new
standard takes effect. DOE considered the relative price elasticity provided above to be a short-
term value. It was unable to identify sources specific to household durable goods, such as
appliances, to indicate how short- and long-term price elasticities differ. To estimate how the
relative price elasticity changes over time, therefore, DOE relied on a study pertaining to
automobiles.™” That study showed that the automobile price elasticity of demand changes
following a change in purchase price. With increasing years after the purchase price change, the
price elasticity becomes more inelastic until it reaches a terminal value around the tenth year
after the price change. Table 9.4.1 shows the relative change in the price elasticity of demand for
automobiles over time. DOE developed a time-series of relative price elasticities for home
appliances based on the relative change in the automobile price elasticity of demand. For years
not shown in Table 9.4.1, DOE performed a linear interpolation to obtain the relative price
elasticity.

Table 9.4.1 Change in Relative Price Elasticity After a Purchase Price Change

Number of Years After Price Change

Change in elasticity 1 2 3 5 10 20
relative to first year 1.00 0.78 0.63 0.44 0.35 0.33
Relative price elasticity -0.34 -0.26 -0.21 -0.16 -0.12 -0.11

Based on the following equation, DOE estimated standards case shipments by
incorporating the impact of the relative price into the base-case shipments projection. Note that
in the equation below, the relative price and the relative price elasticity are functions of the year,
because both change with time.

Shipgy ()= (Rolyuse ()4 Nguge () +M g (D)X (1~ €xp (/)< ARP()))
Where:

Shipsrp »(j) = total shipments of product p in year j under the standards case,
Rplpase p(j) = units of product p retired and replaced in year j under the base case,

Nlpuse p(j) = number of new home installations of product p in year j under the base
case,

Mpuse »(j) =  first-time owners market M of product p in year j under the base case,

erp(j)= relative price elasticity in year j (equals -0.34 for year 1), and

ARP(j)= change in relative price due to a standard level in year ;.

DOE determined the standards case shipments were not affected by the relative price
impact on the base-case shipments projection. Because the incremental cost of dehumidifiers
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meeting the trial standard levels is low relative to the operating cost savings for portable
dehumidifiers, and its market share accounts for approximately 95 percent of the total shipments,
DOE assumed that consumer price elatisicity for this product is zero. Therefore, shipments
would not be affected by standards.

9.5 AFFECTED STOCK

The affected stock is the in-service stock of a product that is affected by a standard level.
In addition to the projection of product shipments under both the base case and the standards
case, the affected stock (which represents the difference in the appliance stock between the base
case and the standards case) is a key output of DOE’s shipments models. The affected stock
quantifies the effect that new product shipments have on the appliance stock because of a
standard level. Therefore, the affected stock consists of those in-service units that are purchased
in or after the year the standard takes effect, as described by the following equation.

j-Std_yr

Aff Stock ,(j) = Ship,(j)+ Y _Stock,,(age)

age=l1

Where:

Aff Stock,(j) = affected stock of units of product p of all vintages that are operational in

year j,
Ship,(j) = shipments of product p in year j,
Stock,(j) =  stock of units of product p of all vintages that are operational in year j,
age = age of the units (years), and
Std _yr= effective date of the standard.

As noted for the above equation, to calculate the affected stock, DOE must define the
effective date of the standard. For the NES and NPV results presented in chapter 10 of this
NOPR TSD, DOE assumed that new energy efficiency standards will become effective in 2019.
Thus, all appliances purchased starting in 2019 are affected by the standard level.

Because dehumidifiers meeting the standard levels have low incremental manufacturing
costs and high operating cost savings, DOE estimated that the standards would have no impact
on shipments. Thus, for all trial standards levels, shipments are projected to be the same as in the
base case.
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CHAPTER 10. NATIONAL IMPACT ANALYSIS

10.1 INTRODUCTION

This chapter of the NOPR TSD describes the method the DOE used to estimate the
effects on national energy consumption of TSLs for dehumidifiers. DOE evaluated the following
effects: (1) NES attributable to each potential standard; (2) the monetary value of energy savings
to consumers of dehumidifiers; (3) increased total installed cost of the products because of
standards; and (4) the NPV of energy savings (i.e., the difference between the operational
savings and increased total installed costs).

DOE determined both the NES and NPV for all the TSLs considered for the product
classes of both portable and whole-home dehumidifiers. It performed all calculations using a
Microsoft Excel spreadsheet model, which is accessible on the Internet
(http://wwwl.eere.energy.gov/buildings/appliance_standards/rulemaking.aspx/ruleid/47). The
spreadsheets, which implement the NIA model, combine the calculations for determining the
NES and NPV with input from the shipments model (chapter 9 of the NOPR TSD). Details and
instructions for using the NIA model are provided in appendix 10A of this NOPR TSD.

Chapter 9 of this NOPR TSD provides a detailed description of the shipments model that
DOE used to project future purchases of dehumidifiers. Chapter 9 includes detailed descriptions
of consumers’ sensitivities to total installed cost and operating cost, and how DOE captured
those sensitivities within the model.

DOE analyzed the benefits and burdens of four TSLs for three product classes of portable
dehumidifiers and two product classes of whole-home dehumidifiers. The TSLs were developed
using combinations of efficiency levels for all five product classes that DOE analyzed. Table
10.1.1 presents the TSLs and the corresponding efficiency levels for dehumidifiers. TSL 4
represents the maximum technologically feasible (“max-tech”) improvement in energy efficiency
for dehumidifiers. TSLs 2 and 3 represent intermediate efficiency levels between TSLs 1 and 4.
TSL 1 represents the first efficiency level considered that exceeds baseline efficiency.
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Table 10.1.1 Trial Standard Levels for Dehumidifiers—IEF* (Units: L/kWht)

Whole-home | Whole-home

TSL <30.00 30.01-45.00 >45.00 - <8.0ft"3 - >8.0ft"3

pints/day pints/day pints/day Case Case
Volume Volume

-- 0.77 0.94 2.07 1.77 241
TSL 1 1.10 1.20 2.40 2.09 2.70
TSL2 1.20 1.40 2.80 2.09 3.52
TSL 3 1.30 1.60 2.80 2.09 3.52
TSL 4 1.57 1.80 3.66 2.53 4.50

* IEF = Integrated energy factor, which includes energy consumed in standby, off,
dehumidification, and fan-only

modes.
T L/kWh = Liters (of moisture removed) per kilowatt-hour (of energy consumed).

10.2 PROJECTED EFFICIENCIES FOR BASE AND STANDARDS CASES

This section describes the method DOE used to project the energy efficiencies of
dehumidifiers for the base case and for each of the trial standards cases. It provides efficiency
distributions for all product classes of both portable and whole-home dehumidifiers.

A key factor in estimating NES and NPV is the trend in energy efficiency projected for
the base case (without new standards) and each of the standards cases. In calculating the NES,
per-unit annual energy consumption is a direct function of product efficiency. For the NPV, two
inputs, the per-unit total installed cost and the per-unit annual operating cost, depend on
efficiency. The first input, the per-unit total installed cost, is a direct function of efficiency.
Because it is a function of annual energy use, the per-unit annual operating cost depends
indirectly on product efficiency.

To project the base-case energy efficiency for dehumidifiers, DOE used the shipments-
weighted integrated energy factors (SWIEF) as a starting point for 2014 (see chapter 8). DOE
also projected efficiencies for the base case based on assumptions regarding future improvements
in efficiency and assumed an annual growth rate of 0.25 percent between 2014 and 2048.

DOE assumed a “roll-up” scenario to establish the shipment-weighted efficiency for the
year that standards are assumed to become effective (2019). DOE assumed that product
efficiencies in the base case that did not meet the standard under consideration would “roll up” to
meet the new standard level. For its projected efficiencies of TSLs, in addition to a “roll-up”
scenario, DOE developed a shift scenario. In the shift scenario DOE applies an annual growth
rate in average energy efficiency to the SWIEF, as it is done in the base case. To develop
standards case projected SWIEFs, DOE developed growth trends for each trial standard level that
maintained the same per-unit average total installed cost difference for the year 2019 between the
base case and each standards case over the entire projection period (2019-2048). DOE’s
approach for developing standards case SWIEFs in this manner assumes that the rate of adoption
of more efficient products under the standards case can occur only at a rate which ensures that
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the average total installed cost difference between the standards case and base case over the
entire projection period is held constant. Because the total installed cost versus efficiency
relationship for each product class demonstrates an increasing cost rate for more efficient
products, the SWIEF growth rate for each standards case is lower than the SWIEF growth rate
for the base case. Note that for the standards cases, the efficiency trend does not increase past the
max tech level.

Table 10.2.1 through Table 10.2.5 show the base-case and TSL product efficiency
distributions in 2019, based on the IEF for each of the five product classes that DOE is
considering. The TSLs are composed of efficiency levels analyzed in the life-cycle cost and
payback period analysis (chapter 8 of the NOPR TSD). Also included in the tables are the
SWIEFs associated with the base case and each TSL.

Table 10.2.1 Portable Dehumidifiers <30.00 Pints/Day: Base- and Standards-Case
Efficiency Distributions in 2019
IEF Market Shares (%)
EL TSL Base Trial Standard Level

(L/KWh) Case 1 2 3 4

Baseline - 0.77 11 0 0 0 0

1 1 1.10 23 34 0 0 0

2 2 1.20 0 0 34 0 0

3 3 1.30 66 66 66 100 0
4 4 1.57 0 0 0 0 100
SWIEF (L/kWh) 1.20 1.23 1.27 1.30 1.57

Table 10.2.2 Portable Dehumidifiers 30.01—45.00 Pints/Day: Base- and Standards-Case

Efficiency Distributions in 2019

Market Share (%)
EL TSL (L/Ilflvlz’h) Base Trial Standard Level

Case 1 2 3 4

Baseline - 0.94 0 0 0 0 0

1 1 1.20 0 0 0 0 0

2 2 1.40 94 94 94 0 0

3 3 1.60 2 2 2 96 0
4 4 1.80 4 4 4 4 100
SWIEF (L/kWh) 1.42 1.42 1.42 1.61 1.80
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Table 10.2.3 Portable Dehumidifiers >45.00 Pints/Day: Base- and Standards-Case

Efficiency Distributions in 2019

Market Share (%)
EL TSL (L/Illf‘l;]h) Base Trial Standard Level

Case 1 2 3 4

Baseline - 2.07 57 0 0 0 0

1 1 2.40 20 77 0 0 0

2 2,3 2.80 23 23 100 100 0
3 4 3.66 0 0 0 0 100
SWIEF (L/kWh) 2.30 2.49 2.80 2.80 3.66

Table 10.2.4 Whole-Home Dehumidifiers <8.0 ft’ Case Volume: Base- and Standards-
Case Efficiency Distributions in 2019

Market Share (%)
EL TSL (L/I]I(E\l;/h) Base Case Trial Standard Level
1 2 3 4
Baseline - 1.77 75 0 0 0 0
1 1,2,3 2.09 25 100 100 100 0
2 4 2.53 0 0 0 0 100
SWIEF (L/kWh) 1.85 2.09 2.09 2.09 2.53

Table 10.2.5 Whole-Home Dehumidifiers >8.0 ft® Case Volume: Base- and Standards-
Case Efficiency Distributions in 2019

Market Share (%)
EL TSL (L/Illf‘l;h) Base Case Trial Standard Level

1 2 3 4

Baseline - 2.41 31 0 0 0 0

1 1 2.70 46 77 0 0 0

2 2,3 3.52 23 23 100 100 0
3 4 4.50 0 0 0 0 100
SWIEF (L/kWh) 2.80 2.89 3.52 3.52 4.50
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10.3 NATIONAL ENERGY SAVINGS

DOE calculated the NES associated with the difference between the base case and each
of the potential standards cases for dehumidifiers. DOE calculated cumulative energy savings
from 2019 to 2048.

10.3.1 Definition

DOE calculated annual NES as the difference between two projections: a base case
(without new standards) and a standards case (with new standards). Positive values of NES
represent energy savings (i.e., national annual energy consumption under a standard is less than
under the base case).

NES, = AEC,, - AEC,,,

Cumulative energy savings are the sum of the national annual energy savings throughout
the projection period, which starts in the compliance year (2019) and ends in the year when the
last unit installed in 2048 is retired from service. The calculation is represented by the following
equation.

NEScumulative = Z NESy

DOE calculated the national annual energy consumption by multiplying the number or
stock of each product class (by vintage) by its unit energy consumption (also by vintage). The
calculation of the national annual energy consumption is performed using the following
equation.

AEC =) STOCK, xUEC,

DOE defined the quantities for the above expressions as follows.

AEC = national annual energy consumption each year in quadrillion British thermal units
(quads) summed over vintages of the product stock, STOCKy.

NES, = national annual energy savings (quads).

STOCKy=  stock of product (millions of units) of vintage V" surviving in the year for which
DOE calculated annual energy consumption.

UECy= annual energy consumption per product in either kilowatt-hours (kWh) or million

Btus (MMBtu) (electricity and gas consumption are converted from site energy to
source energy (quads) by applying a time-dependent conversion factor).

V= year in which the product was purchased as a new unit.

y= year in the forecast.

The stock of a product depends on annual shipments and the lifetime of the product. As
described in chapter 9 of the NOPR TSD, DOE projected dehumidifier shipments under the base
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and standards cases. To avoid including savings attributable to shipments displaced because of
standards (consumers deciding not to buy higher-priced products), DOE used the projected
standards-case shipments and, in turn, the standards-case stock, to calculate the AEC for the base
case.

10.3.2 Inputs to National Energy Savings
The inputs to the calculation of NES are:

shipments,

product stock (STOCKYy),

annual energy consumption per unit (UEC),
national annual energy consumption (4EC),
site-to-source conversion factor (src_conv), and
primary energy to full fuel cycle multipliers (p).

10.3.2.1 Shipments

DOE projected shipments for the base case and all standards cases. Several factors,
including total installed cost (purchase price plus installation costs), operating cost, and product
lifetime, all affect projected shipments. Chapter 9 of the NOPR TSD, Shipments Analysis,
details the method DOE used to calculate and generate the shipments projections for
dehumidifiers.

10.3.2.2 Product Stock

The product stock in a given year is the number of products shipped from earlier years
that survive in that year. The NIA model tracks the number of units shipped each year. DOE
assumes that products have an increasing probability of retiring as they age. The probability of
survival as a function of years since purchase is the survival function. Chapter 9 of the NOPR
TSD provides additional details on the survival functions that DOE used for portable and whole-
home dehumidifiers.

10.3.2.3 Annual Energy Consumption per Unit

DOE presented the per-unit annual energy consumption as a function of product
efficiency in chapter 7, Energy Use Determination, and section 8.2.2 of chapter 8, Life-Cycle
Cost and Payback Period Analysis. Because the per-unit annual energy consumption is directly
dependent on efficiency, DOE used the base case and standards case energy efficiency
distribution presented in section 10.2, in combination with the annual energy use data presented
in chapter 8, to estimate the shipment-weighted average annual per-unit energy consumption
under the base case and standards cases.

Table 10.3.1 through Table 10.3.5 present the per-unit annual energy consumption based
on the efficiency distribution corresponding to the base case and each TSL, resprectively.
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Table 10.3.1 Portable Dehumidifiers <30.00 Pints/Day: Base- and Standards-Case
Efficiency Distributions in 2019

[EF Market Shares (%)
EL TSL Base Trial Standard Level

(L/KWh) Case 1 2 3 4

Baseline - 0.77 11 0 0 0 0

1 1 1.10 23 34 0 0 0

2 2 1.20 0 0 34 0 0

3 3 1.30 66 66 66 100 0
4 4 1.57 0 0 0 0 100
SWAEU (KWh/yr) 477 454 440 428 355

Table 10.3.2 Portable Dehumidifiers 30.01-45.00 Pints/Day: Base- and Standards-Case
Efficiency Distributions in 2019
[EF Market.Share (%)
EL TSL (L/kWh) | Base Case Trial Standard Level

1 2 3 4

Baseline - 0.94 0 0 0 0 0

1 1 1.20 0 0 0 0 0

2 2 1.40 94 94 94 0 0

3 3 1.60 2 2 2 96 0
4 4 1.80 4 4 4 4 100
SWAEU (kWh/yr) 685 685 685 604 540
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Table 10.3.3 Portable Dehumidifiers >45.00 Pints/Day: Base- and Standards-Case
Efficiency Distributions in 2019

Market Share (%)
EL TSL (L/If‘l;]h) Base Trial Standard Level

Case 1 2 3 4

Baseline - 2.07 57 0 0 0 0

1 1 2.40 20 77 0 0 0

2 2,3 2.80 23 23 100 100 0
3 4 3.66 0 0 0 0 100
SWAEU (kWh/yr) 826 755 670 670 513

Table 10.3.4 Whole-Home Dehumidifiers <8.0 ft’ Case Volume: Base- and Standards-

Case Efficiency Distributions in 2019

Market Share (%)
EL TSL (L/Illf‘l;]h) Base Trial Standard Level
Case 1 2 3 4
Baseline - 1.77 75 0 0 0 0
1 1,2,3 2.09 25 100 100 100 0
2 4 2.53 0 0 0 0 100
SWAEU (kWh/yr) 916 809 809 809 671

Table 10.3.5 Whole-Home Dehumidifiers >8.0 ft® Case Volume: Base- and Standards-

Case Efficiency Distributions in 2019

Market Share (%)
EL TSL (L/Ill(zvlz’h) Base Trial Standard Level

Case 1 2 3 4

Baseline - 2.41 31 0 0 0 0

1 1 2.70 46 77 0 0 0

2 2,3 3.52 23 23 100 100 0
3 4 4.50 0 0 0 0 100
SWAEU (kWh/yr) 1,000 963 784 784 617

10.3.2.4 National Annual Energy Consumption

The national annual energy consumption is the product of the annual energy consumption
per unit and the number of units of each vintage (V). The calculation of AEC accounts for
differences in unit energy consumption from year to year. DOE used the equation below (as
presented in section 10.3.1) to calculate annual energy consumption.

AEC =) STOCK, xUEC,
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To determine national annual energy consumption, DOE calculated the annual energy
consumption at the site and then applied a conversion factor to calculate primary energy
consumption, as described below.

10.3.2.5 Primary Energy Use Factors

For electricity use, the conversion from site kWh to power plant primary million Btu uses
a marginal heat rate factor that accounts for losses associated with the generation, transmission,
and distribution of electricity. DOE derived these marginal factors using data published with the
EIA’s AE02014," following the methodology outlined in appendix 15A. The factors depend on
the sector and end-use, and also vary with time due to changes in the mix of fuels used for
electric power generation. Figure 10.3.1 shows the site-to-power plant factors from 2019 to the
end of the AEO analysis period (2040). For years after 2040, DOE held the factors constant and
equal to their 2040 values.

For fossil fuels such as natural gas, fuel oil or propane, the site energy and primary
energy are the same, as energy used in processing is captured in the FFC metric.

110[] T
10.50
10.00
9.50
9.00
TUU J T T e e T

PN P L R G C P L LN P

Mn Btu/MWh

Year

Figure 10.3.1 Site-to-Power Plant Energy Conversion Factors for Dehumidifiers

10.3.2.6  Full-Fuel-Cycle Energy Factors

The full-fuel-cycle energy use is equal to the primary energy use plus the energy
consumed "upstream" of the site in the extraction, processing and distribution of fuels. The FFC
energy use was calculated by applying a fuel-specific FFC energy multiplier to the primary
energy use. 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. The multplier for electricity represents the energy needed to
produce and deliver the fuels that are consumed in electricity generation. The multipliers are
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dimensionless numbers that express the upstream energy use as a percentage of the primary
energy use.

Because the FFC energy multipliers depend on the fuel type, the FFC energy is calculated
starting with the annual site energy numbers ASEC. The equation is:

FFC(Ly) = Y rASEC(L,F.y)* h(F,y)*u(Fy).

Where
ASEC = annual site energy consumption
= trial standard level
F= fuel type
y= analysis year
= energy unit conversion factor
u= full fuel cycle multiplier
FFC = annual full fuel cycle energy consumption

If a product uses only one fuel, then the FFC energy is equal to the primary energy APEC
multiplied by the FFC multipler p. For products that use multiple fuels, the relationship between
the primary energy use and the FFC energy is less straight-forward.

As with the NES, DOE calculated cumulative, national level energy savings in the full-
fuel-cycle metric by calculating the difference relative to the base case and summing over the
analysis period:

NES-FFC(L,y) = FFC(L=0,y) — FFC(L,),
NES-FFCeym(L) =Y, NES-FFC(L,y)

The method used to calculate FFC energy multipliers and the derived values are
described in appendix 10B.

Table 10.3.6 shows the FFC energy multipliers used for residential dehumidifers for
selected years. The method used to calculate FFC energy multipliers is described in appendix
10B.
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Table 10.3.6 Full-Fuel-Cycle Energy Multipliers (Based on AEO 2014)

Electricity 2019 2020 2025 2030 2035 2040

Upstream to Power Plants 1.043 1.044 1.045 1.046 1.047 1.047

10.4 NET PRESENT VALUE

DOE calculated the NPV of the increased product price and reduced operating cost
associated with the difference between the base case and each potential standards case for the
dehumidifier product classes.

10.4.1 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 operating cost savings, and
PVC = present value of increased total installed costs (including purchase price and

installation costs).

DOE determined the PVS and PVC according to the following expressions.

PVS = ZOCSy x DF,

PVC = ZTICy x DF,

Where:

OCS = total annual-savings in operating costs each year summed over vintages of the
product stock, STOCKYy;

DF = discount factor in each year;

TIC = total annual-increases in installed cost each year summed over vintages of the
product stock, STOCKy; and

y= year in the forecast.

DOE calculated the total annual consumer savings in operating cost by multiplying the
number or stock of a given product class (by vintage) by its per-unit operating cost savings (also
by vintage). DOE calculated the total annual increases in consumer product price by multiplying
the number or shipments of the given product class (by vintage) by its per-unit increase in
consumer product cost (also by vintage). The calculation of total annual operating cost savings
and total annual product price increases are represented by the following equations.
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OCS, = STOCK, xUOCS,

TIC, =) SHIP, xUTIC,

Where:

STOCKy=  stock of products of vintage V' that survive in the year for which DOE calculated
annual energy consumption,

UocCSy = annual operating cost savings per unit of vintage V,

V= year in which the product was purchased as a new unit;
SHIP, = shipments of products in year y; and

UTiIC, = annual per-unit increase in installed product price in year y.

DOE determined the total increased product price for each year from 2019 to 2048. DOE
determined the present value of operating cost savings for each year from 2019 to the year when
all units purchased in 2048 will have been retired. DOE calculated costs and savings as the
difference between a standards case and a base case without new standards.

DOE developed a discount factor from the national discount rate and the number of years
between the “present” (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 Net Present Value

The inputs to the calculation of NPV are:
e total installed cost per unit,

e annual operating cost savings per unit,
¢ total annual increases in product price,
e total annual savings in operating cost,
discount factor,

present value of costs, and

e present value of savings.

The increase in the total annual installed cost is equal to the annual change in the per-unit
total installed cost (difference between base and standards case) multiplied by the shipments
forecasted in the standards case.

The total annual operating cost savings are equal to the change in annual operating cost
(difference between base and standards case) per unit multiplied by the shipments forecasted in
the standards case. As noted, DOE did not calculate operating cost savings using base-case
shipments. The annual operating cost includes energy costs.

10.4.2.1 Total Installed Cost per Unit

The average annual product cost depends directly on efficiency. DOE therefore used the
efficiency distributions presented in 0 through Table 10.2.5, along with the product price at
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various efficiency levels (presented in chapter 8 of the NOPR TSD), to estimate the shipment-
weighted average annual product cost under the base and standards cases. Table 10.4.1 shows the
shipment-weighted average installed cost of dehumidifiers in 2019 for the base and standards

cascs.

Table 10.4.1 Shipment-Weighted Average Per-Unit Total Installed Costs for Base and
Standards Cases (20139)

Product Class Base Trial Standard Level
Case 1 2 3 4
<30.00 pints/day $216 $216 $217 $218 $241
30.01-45.00 pints/day $260 $260 $260 $269 $290
>45.00 pints/day $951 $994 $1,008 $1,008 $1,124
Whole-home - <8.0ft"3 Case Volume $1,669 $1,689 $1,689 $1,689 $1,890
Whole-home - >8.0ft"3 Case Volume $2,164 $2,167 $2.212 $2.212 $2.,445

To evaluate the effect of uncertainty regarding price trends, DOE examined the effect of
various product price forecasts on the consumer NPV for the considered TSLs for residential
dehumidifiers. In addition to the default price trend, DOE considered separate product price
sensitivity cases for portable dehumidifiers and whole-home dehumidifiers. For portable
dehumidifiers, DOE considered a case for a low price decline based on estimating an experience
curve using Producer Price Index (PPI) data for “small electric household appliances” from 1983
to 2012. A case for high price decline was based on the price forecast of the “furniture and
appliances” series from AEO 2013. For whole-home dehumidifiers, a case for a low price decline
was based on an exponential fit to the PPI from 1978 to 2012 for “air-conditioning, refrigeration,
and forced air heating equipment.” The high price decline was based on the price forecast of the
“furniture and appliances” series from AEO 2013. The approach used to forecast the price trends
and the results of the sensitivity cases are described in appendix 10C of this NOPR TSD.

10.4.2.2 Annual Operating Cost Savings per Unit

The per-unit annual operating cost includes the costs for energy, repair, and maintenance.
As described in chapter 8 of the NOPR TSD, DOE assumed that potential standards would not
increase maintenance and repair costs for any of the considered product classes. Therefore, DOE
determined the per-unit annual operating cost savings based only on the energy cost savings
attributable to a standard level. DOE determined the per-unit annual operating cost savings by
multiplying the per-unit savings in annual energy consumption for each product class by the
appropriate energy price.

As described in chapter 8, DOE forecasted energy prices based on EIA’s AEO 2015. 2
The energy price trends are described in chapter 8 of this NOPR TSD.
10.4.2.3 Total Annual Increases in Installed Cost

The total annual increase in installed cost for any given standards case is the product of
the total per-unit increase in installed cost due to the standard and the number of units of each
vintage. This approach accounts for differences in total installed cost from year to year. Below is
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the equation for calculating the increase in total annual installed cost for a given standards case
(as introduced in section 10.4.1).

TIC =) STOCK, xUTIC,

10.4.2.4 Total Annual Savings in Operating Cost

The total annual savings in operating cost for any given standards case is the product of
the annual operating cost savings per unit attributable to the standard and the number of units of
each vintage. This approach accounts for differences in annual operating cost savings from year
to year. Below is the equation for calculating the total annual operating cost savings for a given
standards case (as introduced in section 10.4.1).

OCS =) STOCK, xUOCS,

10.4.2.5 Discount Factors

DOE multiplies monetary values in future years by a discount factor to determine the
present value. The discount factor (DF) is described by the equation:

DF = —1
(1 + r)(y -yp)
Where:
R = discount rate,
Y= year of the monetary value, and
yp=  year in which the present value is being determined.

DOE estimated national impacts using both a 3-percent and a 7-percent real discount rate,
in accordance with the Office of Management and Budget (OMB)’s guidance to Federal agencies
on the development of regulatory analysis (OMB Circular A-4, September 17, 2003), and section
E, “Identifying and Measuring Benefits and Costs,” therein. DOE defines the present year as
2014.

10.4.2.6 Present Value of Costs

The present value of increased installed costs is the increase in annual-installed cost in
each year (i.e., the difference between a standards case and base case), discounted to the present
and summed over the period for which DOE is considering the installation of products (that is,
from 2019 to 2048).

The increase in total installed cost refers to both product cost and installation cost

associated with the higher energy efficiency of products purchased in the standards case
compared to the base case. DOE calculated annual increases in installed costs as the difference in
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total installed cost for new products purchased each year multiplied by the shipments in the
standards case.

10.4.2.7 Present Value of Savings

The present value of operating cost savings is the annual operating cost savings (the
difference between the base case and a standards case) discounted to the present and summed
over the period from the compliance year, 2019, to the year when the last unit installed in 2048 is
retired from service. Savings are decreases in operating costs associated with the higher energy
efficiency of products purchased in the standards case compared to the base case. Total annual
operating cost savings are the savings per unit multiplied by the number of units of each vintage
that survive in a particular year.

10.5 RESULTS OF CALCULATIONS

The national impact analysis (NIA) model estimates the NES and NPV attributable to a
given trial standard level. The inputs to the NIA model were discussed in sections 10.3.2 (NES
inputs) and 10.4.2 (NPV inputs). DOE generated the NES and NPV results using a Microsoft
Excel spreadsheet, which is accessible on the Internet
(http://wwwl.eere.energy.gov/buildings/appliance_standards/rulemaking.aspx/ruleid/47). Details
and instructions for using the spreadsheet are provided in appendix 10A of this NOPR TSD.

10.5.1 Summary of Inputs

Table 10.5.1 summarizes the inputs to the NIA model. The data source for each input is
described briefly.
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Table 10.5.1 Inputs to Calculation of National Energy Savings and Net Present Value

Input

Data Source

Shipments

Annual shipments from shipments model. (See chapter 9.)

Effective date of standard

2019

Base-case projected efficiencies

SWIEF determined in 2014 for each of the considered products
classes. Annual growth rate of 0.25 percent assumed for
determining SWIEF between 2014 and 2048. (See section 10.2)

Standards-case efficiencies

Roll-up scenario for 2019; efficiency improvement after 2019
based on 0.25 percent (See section 10.2.)

Annual energy consumption per unit

Annual weighted-average values are a function of cost at each
TSL. (See section 10.3.2.3.) Incorporates forecast of future
product prices based on historical data.

Total installed cost per unit

Annual weighted-average values are a function of the efficiency
distribution. (See section 10.4.2.1.)

Energy cost per unit

Annual weighted-average values are a function of the annual
energy consumption per unit and energy prices. (See chapter 8,
for energy prices.)

Repair and maintenance costs per unit

Annual values do not change with efficiency level.

Projection of installed cost per unit

Price forecast based on historical PPI data.

Projection of energy prices

AEOQ 2015 forecasts (to 2040) and extrapolation through 2048
(See chapter 8.)

Energy site-to-power plant and FFC
conversion

A time-series conversion factor derived from AEO 2014.

Discount rate

Three and seven percent real.

Present year

Future costs and savings are discounted to 2014.

*Section 10.3.2.5 provides more detail on NEMS.

10.5.2 Results of National Energy Savings Calculations

Table 10.5.2 shows the NES results for the TSLs analyzed for dehumidifiers. NES
results, which are cumulative to 2097, are shown as primary energy savings. 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 such as obtained in the LCC and PBP analysis

(chapter 8 of the preliminary TSD).
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Table 10.5.2 Cumulative National Energy Savings (Unit: Quads)

<8.0 ft’ >8.0 ft’
Case Case
TSL | pinoDay | PintoDay | Pimtybay | Yolme | Volume | Al
y y y (Whole- (Whole-
Home) home)
1 0.02 0.01 0.03 0.00 0.00 0.07
2 0.05 0.01 0.03 0.00 0.00 0.11
3 0.08 0.18 0.03 0.00 0.00 0.31
4 0.33 0.34 0.06 0.01 0.01 0.75

Table 10.5.3 Full-Fuel-Cycle Energy Savings (Unit: Quads)

<8.0 ft’ >8.0 ft’
Case Case
TSL | pinDay | PintuDay | Pimigpay | YOume | Volme | Al
y y y (Whole- (Whole-
Home) home)
1 0.02 0.01 0.03 0.00 0.00 0.07
2 0.06 0.01 0.04 0.00 0.00 0.11
3 0.09 0.19 0.04 0.00 0.00 0.32
4 0.35 0.36 0.07 0.01 0.01 0.79

10.5.3 Annual Costs and Savings

To illustrate the basic inputs to the NPV calculations, Figure 10.5.1 presents the non-
discounted annual installed cost increases and annual operating cost savings nationwide for TSL
3 for dehumidifiers. The figure also shows the net savings, which represent the difference
between the savings and costs for each year. The annual product cost is the increase in the total
installed cost for products purchased each year during the projection period. The annual
operating cost savings is the savings in operating costs for products operating in each year. The
NPV is the difference between the cumulative annual discounted savings and the cumulative
annual discounted costs. DOE could create figures like the one presented below for each TSL.
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Figure 10.5.1 Non-Discounted Annual Installed Cost Increases and Annual

Operating Cost Savings for Dehumidifiers, TSL 3

10.5.4 Results of Net Present Value Calculations

This section provides results from the calculation of NPV for the potential efficiency
standards for dehumidifiers. Results, which are cumulative, are shown as the discounted value of
savings. 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 produced by the life-cycle
cost and payback period analysis.

The present value of increased total installed costs is the increase in total annual installed
cost (i.e., the difference between the standards case and base case), discounted to the present and
summed over the period in which DOE evaluated the impacts of standards (2019 to 2048).

Savings are decreases in operating costs associated with the higher energy efficiency of
products purchased in a standards case as compared to the base case. Total savings in operating
costs are the savings per unit multiplied by the number of units of each vintage (i.e., the year of
manufacture) that survive in a particular year. For units purchased through 2048, operating costs
include energy consumed until the last unit is retired from service.

Table 10.5.4 and Table 10.5.5 presents NPV results for the trial standard levels
considered for dehumidifiers.
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Table 10.5.4 Cumulative NPV Results Based on 3-Percent Discount Rate (Billion, 2013$)

<8.0 ft’ Case >g'2£3
mo g cwe e TG
Home) Home)
1 0.22 0.10 0.16 0.02 0.00 0.50
2 0.44 0.10 0.20 0.02 0.02 0.78
3 0.68 1.35 0.20 0.02 0.02 227
4 223 2.36 0.32 0.03 0.03 4.96

Table 10.5.5 Cumulative NPV Results Based on 7-Percent Discount Rate (Billion, 2013$)

<8.0 ¢’ Case >§:‘gs£t3
TSL | pDiy | PnDay | PasDay | (Whoke | Soume | Al
Home) Home)
1 0.13 0.04 0.06 0.01 0.00 0.24
2 0.23 0.04 0.08 0.01 0.01 0.37
3 0.33 0.60 0.08 0.01 0.01 1.04
4 0.97 1.02 0.12 0.01 0.01 2.13
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CHAPTER 11. CONSUMER SUBGROUP ANALYSIS

11.1 INTRODUCTION

Chapter 8 of this TSD describes the LCC and PBP analysis that examines energy savings
and costs impacts of energy conservation standards on the U.S. population. In analyzing the
potential impacts of new or amended standards on consumers, the DOE further evaluates the
impacts on identifiable groups of consumers (subgroups) that may be disproportionately affected
by a national standard level. The consumer subgroup analysis evaluates effects by analyzing the
LCCs and PBPs for subgroups of residential consumers. For both portable and whole-home
dehumidifiers, DOE identified two consumer subgroups that warranted further study: (1) senior-
only households and (2) low-income households.

DOE determined the impact on consumer subgroups for portable and whole-home
dehumidifiers using the LCC spreadsheet model, which enables DOE to analyze the LCC for any
subgroup by sampling only the data that apply to that subgroup. (Chapter 8 explains in detail the
inputs to the model used in determining LCCs and PBPs.) As described in section 11.3, the
energy use and energy price characteristics of the two subgroups (senior-only and low-income)
differ from those for the general population.

This chapter describes the identification of the two subgroups and gives the results of the
LCC and PBP analysis for those subgroups.

11.2 IDENTIFIED SUBGROUPS

The following two sections describe how DOE defined the two consumer subgroups
identified for further examination.

11.2.1 Senior-Only Households

Senior-only households comprise occupants who are all at least 65 years of age. Based on
RECS 2009, senior-only households represent 17 percent of U.S. households.'

11.2.2 Low-Income Households

As defined in the RECS survey, low-income household residents are living at or below
the poverty line. The poverty line varies with household size, age of head of household, and
family income. The RECS survey classifies 15 percent of the country’s households as low-
income.

11.3 INPUTS TO CONSUMER SUBGROUP ANALYSIS

Table 11.3.1 summarizes the overall household populations and the populations of
senior-only and low-income households in RECS. Table 11.3.2 through Table 11.3.6 summarize
the weighted-average annual energy use for the households analyzed in the consumer subgroup
analysis. These values are compared against the weighted-average values for the national sample.
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Table 11.3.1 Household Population

Count Sum
National 12,083 113,616,229
Senior-Only 1,939 19,562,375
Senior-Only (%) 16.0 17.2
Low-Income 1675 16,867,387
Low-Income (%) 13.9 14.8

Table 11.3.2 Portable Dehumidifiers <30.00 Pints/Day: Weighted-Average Annual

Electricity Use
Efficiency All Senior- Low-
Households Only Income
Level (kWh/year)
Baseline 720 582 699
1 505 409 491
2 463 375 450
3 428 346 416
4 355 287 345

Table 11.3.3 Portable Dehumidifiers 30.01-45.00 Pints/Day: Weighted-Average Annual

Electricity Use
Efficiency All Senior- Low-
Households Only Income
Leyel (kWh/year)

Baseline 1,030 833 1,000

1 808 653 784

2 693 560 673

3 607 491 589

4 540 436 524




Table 11.3.4 Portable Dehumidifiers >45.00 Pints/Day: Weighted-Average Annual

Electricity Use
. All Senior- Low-
Efficiency Households Only Income
Level (kWh/year)
Baseline 905 731 878
1 781 631 758
2 670 542 650
3 513 415 498
Table 11.3.5 Dehumidifiers <8.0 ft* Case Volume (Whole-Home): Weighted-Average
Annual Electricity Use
] All Senior- Low-
Efficiency Households Only Income
Level (KWh/year)
Baseline 951 850 850
1 809 722 722
2 671 600 600

Table 11.3.6 Dehumidifiers >8.0 ft® Case Volume (Whole-Home): Weighted-Average

Annual Electricity Use
. All Senior- Low-
Efficiency Households Only Income
Level (KWh/year)
Baseline 1,137 1,015 1,015
1 1,016 908 908
2 784 700 700
3 617 551 551

11.4 RESULTS

Table 11.4.1 through Table 11.4.20 summarize the LCC and PBP results from DOE’s
subgroup analysis. The results describe the financial effects of potential standards on senior-only
and low-income households. The tables present the average installed price; average lifetime
operating cost (discounted); average life-cycle cost; average life-cycle cost savings; percentage
of each subgroup who are burdened with net costs, realize net savings, or are not affected; and
the simple payback period.



Table 11.4.1 Senior-Only Households: Summary of LCC and PBP Results by Efficiency

Level for Portable Dehumidifiers <30.00 Pints/Day

Average Costs
20139 i
TSL Efficiency PSmll)plek
Level First Year’s Lifetime aybac
Installed Cost | Operating Operating LCC years
Cost Cost
-- 0 $212 $84 $786 $998 --
1 1 $212 $59 $552 $763 0.0
2 2 $214 $54 $506 $720 0.1
3 3 $218 $50 $468 $686 0.2
4 4 $241 $41 $388 $629 0.7

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.

Table 11.4.2 Senior-Only Households: Summary of LCC and PBP Results by Efficiency
Level for Portable Dehumidifiers 30.01—45.00 Pints/Day

Average Costs
20138 i
TSL Efficiency PSmll)plek
Level First Year’s Lifetime aybac
Installed Cost | Operating Operating LCC years
Cost Cost
-- 0 $256 $120 $1,124 $1,380 --
1 1 $256 $94 $882 $1,137 0.0
2 2 $259 $81 $756 $1,016 0.1
3 3 $268 $71 $662 $930 0.2
4 4 $290 $63 $589 $879 0.6

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.
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Table 11.4.3 Senior-Only Households: Summary of LCC and PBP Results by Efficiency

Level for Portable Dehumidifiers >45.00 Pints/Day

Average Costs
20139 i
TSL Efficiency PSmll)plek
Level First Year’s Lifetime aybac
Installed Cost | Operating Operating LCC years
Cost Cost

-- 0 $915 $105 $987 $1,903 --

1 1 $990 $91 $852 $1,842 5.2

2,3 2 $1,008 $78 $731 $1,739 3.4

4 3 $1,124 $60 $560 $1,684 4.6

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.

Table 11.4.4 Senior-Only Households: Summary of LCC and PBP Results by Efficiency

Level for Dehumidifiers <8.0 ft’ Case Volume (Whole-Home):

Average Costs
20139 i
TSL Efficiency PSmll)plek
Level First Year’s Lifetime aybac
Installed Cost | Operating Operating LCC years
Cost Cost

-- 0 $1,643 $126 $1,826 $3,469 --

1,2,3 1 $1,670 $107 $1,552 $3,221 1.4

4 2 $1,867 $89 $1,288 $3,155 6.0

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.
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Table 11.4.5 Senior-Only Households: Summary of LCC and PBP Results by Efficiency

Level for Dehumidifiers >8.0 ft® Case Volume (Whole-Home):

Average Costs
20139 i
TSL Efficiency PSmll)plek
Level First Year’s Lifetime aybac
Installed Cost | Operating Operating LCC years
Cost Cost

-- 0 $2,125 $151 $2,181 $4,306 --

1 1 $2,136 $135 $1,950 $4,087 0.7

2,3 2 $2,194 $104 $1,504 $3,698 1.5

4 3 $2,424 $82 $1,184 $3,609 4.4

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.

Table 11.4.6 Senior-Only Households: Summary of Life-Cycle Cost Savings Relative to
the Base Case Efficiency Distribution for Portable Dehumidifiers <30.00

Pints/Day
Life-Cycle Cost Savings
Efficiency .
TSL Level % of Consumers that Average Savings
Experience Net Cost 20138
1 1 0 24
2 3 0 39
3 3 0 51
4 4 12.0 107

Note: The LCC savings for each TSL are calculated relative to the base case efficiency distribution. The calculation
includes households with zero LCC savings (no impact).
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Table 11.4.7 Senior-Only Households: Summary of Life-Cycle Cost Savings Relative to
the Base Case Efficiency Distribution for Portable Dehumidifiers 30.01-45.00

Pints/Day
Life-Cycle Cost Savings
Efficiency .
TSL Level % of Consumers that Average Savings
Experience Net Cost 20138
1 1 0 0
2 3 0 0
3 3 0.5 81
4 4 6.1 130

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

Table 11.4.8 Senior-Only Households: Summary of Life-Cycle Cost Savings Relative to
the Base Case Efficiency Distribution for Portable Dehumidifiers >45.00

Pints/Day
Life-Cycle Cost Savings
Efficiency .
TSL Level % of Consumers that Average Savings
Experience Net Cost 2013%

1 1 21.6 36
2,3 2 13.6 114

4 3 37.0 169

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

Table 11.4.9 Senior-Only Households: Summary of Life-Cycle Cost Savings Relative to

the Base Case Efficiency Distribution for Dehumidifiers <8.0 ft* Case Volume
(Whole-Home)

Life-Cycle Cost Savings
Efficiency )
TSL Level % of Consumers that Average Savings
Experience Net Cost 20138
1,2,3 1 5.5 182
4 2 40.3 248

Note: The LCC savings for each TSL are calculated relative to the base case efficiency distribution. The calculation

includes households with zero LCC savings (no impact).
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Table 11.4.10 Senior-Only Households: Summary of Life-Cycle Cost Savings Relative to
the Base Case Efficiency Distribution for Dehumidifiers >8.0 ft3 Case
Volume (Whole-Home)

Life-Cycle Cost Savings
Efficiency .
TSL Level % of Consumers that Average Savings
Experience Net Cost 20138
1 1 0.7 67
2,3 2 7.5 367
4 3 35.9 457

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

Table 11.4.11 Low Income Households: Summary of LCC and PBP Results by Efficiency
Level for Portable Dehumidifiers <30.00 Pints/Day:

Average Costs
2013% i
TSL Efficiency PSlnll)plek
Level First Year’s Lifetime aybac
Installed Cost | Operating Operating LCC years
Cost Cost
-- 0 $212 $96 $885 $1,097 --
1 1 $212 $67 $621 $833 0.0
2 2 $215 $62 $570 $784 0.1
3 3 $219 $57 $526 $745 0.2
4 4 $242 $47 $436 $678 0.6

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.
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Table 11.4.12 Low Income Households: Summary of LCC and PBP Results by Efficiency
Level for Portable Dehumidifiers 30.01-45.00 Pints/Day

Average Costs
20139 i
TSL Efficiency PSmll)plek
Level First Year’s Lifetime aybac
Installed Cost | Operating Operating LCC years
Cost Cost
-- 0 $256 $137 $1,266 $1,522 --
1 1 $256 $107 $993 $1,249 0.0
2 2 $260 $92 $851 $1,111 0.1
3 3 $269 $81 $746 $1,014 0.2
4 4 $290 $72 $663 $954 0.5

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.

Table 11.4.13 Low Income Households: Summary of LCC and PBP Results by Efficiency

Level for Portable Dehumidifiers >45.00 Pints/Day

Average Costs
20138 i
TSL Efficiency PSmll)plek
Level First Year’s Lifetime aybac
Installed Cost | Operating Operating LCC years
Cost Cost

-- 0 $917 $120 $1,112 $2,029 --

1 1 $992 $104 $959 $1,951 4.5

2,3 2 $1,011 $89 $823 $1,834 3.0

4 3 $1,127 $68 $631 $1,757 4.0

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.
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Table 11.4.14 Low Income Households: Summary of LCC and PBP Results by Efficiency

Level for Dehumidifiers <8.0 ft’ Case Volume (Whole-Home):

Average Costs
20139 i
TSL Efficiency PSmll)plek
Level First Year’s Lifetime aybac
Installed Cost | Operating Operating LCC years
Cost Cost

-- 0 $1,626 $92 $1,201 $2,827 --

1,2,3 1 $1,653 $78 $1,021 $2,673 1.9

4 2 $1,851 $65 $847 $2,698 8.3

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.

Table 11.4.15 Low Income Households: Summary of LCC and PBP Results by Efficiency

Level for Dehumidifiers >8.0 ft* Case Volume (Whole-Home):

Average Costs
20138 i
TSL Efficiency PSmll)plek
Level First Year’s Lifetime aybac
Installed Cost | Operating Operating LCC years
Cost Cost

-- 0 $2,102 110 $1,434 $3,536 --

1 1 $2,113 98 $1,283 $3,396 1.0

2,3 2 $2,171 76 $989 $3,161 2.0

4 3 $2,403 60 $779 $3,182 6.0

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.
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Table 11.4.16 Low Income Households: Summary of Life-Cycle Cost Savings Relative to
the Base Case Efficiency Distribution for Portable Dehumidifiers <30.00

Pints/Day
Life-Cycle Cost Savings
Efficiency .
TSL Level % of Consumers that Average Savings
Experience Net Cost 20138
1 1 0 28
2 3 0 45
3 3 0 58
4 4 13.9 125

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

Table 11.4.17 Low Income Households: Summary of Life-Cycle Cost Savings Relative to
the Base Case Efficiency Distribution for Portable Dehumidifiers 30.01-45.00

Pints/Day
Life-Cycle Cost Savings
Efficiency .
TSL Level % of Consumers that Average Savings
Experience Net Cost 20138
1 1 0 0
2 3 0 0
3 3 1.2 92
4 4 7.8 150

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

Table 11.4.18 Low Income Households: Summary of Life-Cycle Cost Savings Relative to
the Base Case Efficiency Distribution for Portable Dehumidifiers >45.00

Pints/Day
Life-Cycle Cost Savings
Efficiency .
TSL Level % of Consumers that Average Savings
Experience Net Cost 2013%

1 1 21.9 43
2,3 2 15.2 133

4 3 37.1 209

Note: The LCC savings for each TSL are calculated relative to the base case efficiency distribution. The calculation

includes households with zero LCC savings (no impact).
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Table 11.4.19 Low Income Households: Summary of LCC and PBP Results by Efficiency
Level for Dehumidifiers <8.0 ft’ Case Volume (Whole-Home):

Life-Cycle Cost Savings
Efficiency .
TSL Level % of Consumers that Average Savings
Experience Net Cost 20138
1,2,3 1 9.4 113
4 2 53.9 89

Note: The average LCC, LCC savings, and simple payback for each TSL are calculated assuming that all consumers
use products with that EL. This allows the results for each TSL to be compared under the same conditions.

Table 11.4.20 Low Income Households: Summary of Life-Cycle Cost Savings Relative to
the Base Case Efficiency Distribution for Dehumidifiers >8.0 ft3 Case
Volume (Whole-Home)

Life-Cycle Cost Savings
Efficiency .
TSL Level % of Consumers that Average Savings
Experience Net Cost 20138
1 1 1.5 43
2,3 2 12.2 224
4 3 48.3 204

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